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Preface

With the writing of this preface, a long journey comes to an end, offering you
glimpses of beautiful views. At the end of 2017, the idea of writing this book was
conceived. One major motivation to write this book is the fact that the climate
change impact is increasingly attracting the world’s attention. Does this really
happen? If so, how much of it is because of human activity? How far will climate
change adaptation be possible? What action can or should we take to fight it? How
much is that going to cost? Or is it too late to take useful action already? This book
aims to provide answers to all these questions by providing the best and latest
available information.

The current generation’s primary concern is the undesirable changes taking place
in global warming and global climate and environment. There is nothing perma-
nent. We all know that it is imminent to change. Why are we so alarmed by the
global climate change? Climate change writing often falls into one of two opposite
traps, both of which could be are avoided by applying the ideas of this book. This is
not a story of gloom and doom, of the inevitable catastrophe of the climate. On the
contrary, it outlines, in more detail than usual, what can and should be done to
prevent real disaster risks. It is also not, however, a story of complacent congrat-
ulations on “win-win” policies, cautiously incremental steps, and “green” policy
choices. It calls us to an endeavor worthy of the twenty-first century’s resources and
ingenuity, to bold initiatives with large costs—and far greater benefits. Climate
change has become, as well as one of the most dynamic, the defining environmental
legal and political challenge of the twenty-first century.

This book is written to help us make sense of the climate change discussion,
especially on the question of whether this problem can be solved. It is now widely
accepted that our climate has changed and will continue to change due to our
economy based on fossil fuel, our transformation of the surface of the planet, and
the increasing number of people and their growing wealth. Nevertheless, there is
increasing confusion about the solutions. Some people think the only way is to
drastically change our way of life. Give up our cars; give up our heating, no air
travel anymore. Return to the Middle Ages, some people think that in the near
future, technology will give us plenty of CO2-free energy at low cost. Others
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believe that nuclear power is the only solution, as renewable energy and energy
efficiency will never significantly reduce CO2 emissions. Others believe that nuclear
power is the only solution, as renewable energy and energy efficiency will never
significantly reduce CO2 emissions. Therefore, the key message of this book is
intended to deserve widespread attention to the idea that “The climate and devel-
opment crises will be solved together, or not at all. Moreover, the faster we begin,
the less painful—and more possible—the solutions will be.” The fact that we can
control climate change is what our current knowledge tells us. We cannot avoid
further changes and further negative impacts altogether, but we can avoid the most
severe impacts of climate change, so that things remain manageable. We want
people to understand that and see that this is only possible if strong and decisive
action is now being taken.

This book’s goal is to introduce the role of ecosystems in the climate system and
the changing Earth system. The book consists of 25 chapters and contributed by
more than 35 scientists, specialists, and researchers from Egypt. Keeping in mind
the philosophy of “The Art of Climate Change,” chapter “Introduction to ‘Climate
Change Impacts on Agriculture and Food Security in Egypt’” gives an overview of
climate change impacts on agriculture and food security in Egypt as it presents the
main technical issues of the chapters. The book begins with an overview of our
knowledge of the climate system, the changes taking place, the opportunities for
further climate change, and the impact on human and natural systems. Briefly, it
gives the rationale for the rest of the book on how to control climate change and
limit it to manageable proportions.

The 23 main chapters of the book are roughly organized in five main parts,
which sequentially observe the climate change impacts on agriculture and food
security in Egypt. A brief description of each of the part is as follows:

The first part is organized to present a comprehensive overview of climate
change in Egypt. This part consists of three chapters. Two ways were identified to
give us an overall impression of climate change in Egypt. The first way is linked to
governance and institutional structure of climate change in Egypt. The second way
is the role of science, technology, and innovation in addressing climate change
challenges in Egypt.

The second part, which consists of five chapters, delves deeply into the land and
water resources concepts. This part covers five potential impacts, which were
identified to study the effect of climate change on land and water resources in
Egypt. First is the effect of climate change on agriculture, which has specifically
become a global issue due to the ever-growing need to provide food security and
end hunger. Second are the impacts of climate change on microbial activity in
agricultural Egypt’s soil. The third influence is through the mapping of Egypt
vulnerability to sea level rise. Fourth inspiration is soil itself as driver and victim of
climate change. The final control is through soil carbon sequestration for climate
change mitigation.

The third part, which involves three chapters, reviews the various smart farm-
ings. This topic is covered in detail in seven approaches, which were identified
acknowledged for using smart farming as a way to mitigate climate change impacts
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on agriculture. The first is assessing vulnerability and enhancing adaptive capacity
and resilience to climate change; second, the pollination of flowering plants is one
of the most important ecological services in natural and agricultural ecosystems;
third, change of agricultural calendar as a response to climate variability; fourth,
projected crop coefficients under climate change in Egypt; fifth, rice production in
Egypt: the challenges of climate change and water deficiency; six, smart farming
approach is using nanotechnology for real-time control of the red palm weevil
under climate change; and finally, how to face climate change: urban gardening and
sustainable agriculture are discussed.

The fourth part, which contains five chapters, discusses the different methods
and approaches for livestock, fishery, and aquaculture. Five different ways are
recognized for potential climate change impacts on livestock, fishery, and aqua-
culture. First, potential climate change impacts on livestock and food security nexus
in Egypt is presented; second, the influence of climate changes on animal feed
production; the third way is through algae and fish; the fourth way is climate change
impact on immune status and productivity of poultry as well as the quality of meat
and egg products; and the final way in this book is climatic change and chicken
immunity.

The final part, which consists of three chapters, provides a comprehensive
overview of the socioeconomic impacts and green sustainability. Three scenarios
have been identified to study the socioeconomic impacts of climate change. The
first scenario deals with agriculture and rural communities’ vulnerability in the Nile
Delta. The second scenario is related to water–climate–food nexus for green sus-
tainability. The third scenario is an efficiency analysis approach.

Lastly, the final chapter briefly summarizes the most significant findings and
recommendations of the book. The concluding chapter highlights major challenges
to achieving equitable and sustainable water security in Egypt and offers cautious
prospects for the future.

At this point, this book on the impacts of climate change on agriculture and food
security in Egypt emerged. There are several books written around the world on the
topic; however, this book aims to highlight and focus on recent advances in the
impacts of climate change on agriculture and food security in Egypt. A group of
experts has come together to write this book, which aims to pass on the new
knowledge and information available to the readers. Depending on your interests
and preferences, one can start the journey from anywhere. Readers and beneficiaries
vary from academics, professionals, and scientists to students from undergraduate
to graduate.

This book is intended to be of interest to all stakeholders in the climate change
sector: financing institutions, users’ associations, planners, designers, training, and
research institutions. I wish it would act as a guide book on climate change for those
interested readers. We believe the information presented here will be of the greatest
help policy-makers, managers, and researchers interested in a broad perspective of
urgent climate change issues in Egypt and hope that the book will contribute to
some real if modest, progress toward the beneficial management of climate change.
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Without the great efforts of all the authors, advances in this book would not have
been possible, and I am sure that their valuable contributions will increase the
significance of the book. To meet Springer’s high-quality standards, it would not
have been possible to produce this book and make it a reality without their patience
and effort in writing and revising the various versions. All appreciation and grati-
tude must be extended to include all members of the Springer team who have
worked long and hard to make this volume a reality for researchers, graduate
students, and scientists worldwide. I have to thank all the experts who contributed
to the chapter review processes. I hope it has widely read. If we want to avoid past
misunderstandings, then we need to change direction and start taking advantage
of the knowledge base of scientists. We did not have that opportunity a decade ago.
Now it is the right time.

The editors strongly welcome to receive feedback and comments from the
audiences to improve the future editions.

Ismailia, Egypt El-Sayed Ewis Omran
Zagazig, Egypt
May 2019

Abdelazim M. Negm
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Introduction to “Climate Change
Impacts on Agriculture and Food
Security in Egypt”

El-Sayed Ewis Omran and Abdelazim M. Negm

Abstract This chapter introduces briefly the main technical components of the
chapter presented in the book. The technical contents of the chapters are presented
theme-wise arrangement. The book contains 25 chapters arranged under five themes
to covers different topics associated with climate change impacts on agriculture and
food security in Egypt.

Keywords Climate change · Egypt · Climate variability · Land and water
resources · Smart farming · Livestock · Fishery · Aquaculture · Socioeconomic
impacts

1 Background/Overview

The current generation’s primary concern is the undesirable changes taking place in
global warming and global climate and environment. There is nothing permanent.
We all know that it is imminent to change. Yet why are we so alarmed by the global
climate change? Climate change writing often falls into one of two opposite traps,
both of which could be are avoided by applying the ideas of this book. This is not a
story of gloomand doom, of the inevitable catastrophe of the climate.On the contrary,
it outlines, in more detail than usual, what can and should be done to prevent real
disaster risks. It is also not, however, a story of complacent congratulations on “win–
win” policies, cautiously incremental steps, and “green” policy choices. It calls us
to an endeavor worthy of the twenty-first century’s resources and ingenuity, to bold
initiatives with large costs—and far greater benefits. Climate change has become,
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4 E.-S. E. Omran and A. M. Negm

as well as one of the most dynamic, the defining environmental legal and political
challenge of the 21st century.

This book is written to help us make sense of the climate change discussion.
Especially on the question of whether this problem can be solved. It is now widely
accepted that our climate has changed and will continue to change due to our econ-
omy based on fossil fuel, our transformation of the surface of the planet, and the
increasing number of people and their growingwealth. Nevertheless, there is increas-
ing confusion about the solutions. Some people think the only way is to drastically
change our way of life. Give up our cars; give up our heating, no air travel anymore.
Return to theMiddle Ages, some people think that in the near future, technology will
give us plenty of CO2-free energy at low cost. Others believe that nuclear power is
the only solution, as renewable energy and energy efficiency will never significantly
reduce CO2 emissions. Therefore, the keymessage of this book is intended to deserve
widespread attention to the idea that “The climate and development crises will be
solved together, or not at all. Moreover, the faster we begin, the less painful—and
more possible—the solutions will be.” The fact that we can control climate change
is what our current knowledge tells us. We cannot avoid further changes and further
negative impacts altogether, but we can avoid the most severe impacts of climate
change so that things remain manageable. We want people to understand that and
see that this is only possible if strong and decisive action is now being taken. The
recommendations given under the different themes of the book in chapter “Update,
Conclusions, and Recommendations to “Climate Change Impacts onAgriculture and
Food Security in Egypt” can guide taking such decisions.

2 Themes of the Book

Such climate change will affect Egypt’s natural resources, particularly the major
resources characterized by the relative scarcity of Egypt’s land and water resources.
This leads to a direct and far-reaching impact on the agricultural sector and thus
on the food security of Egypt. The four dimensions of food security include climate
change: food availability, access, capacity, and stability. So, the objective of the book
is to address the following main theme.

– An overview of climate change in Egypt.
– Land and water resources.
– Smart farming.
– Livestock, fishery, and aquaculture.
– Socioeconomic impacts.

The next sections present a summary of each chapter presented in the main body
of the book under its related theme.
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3 Chapter’s Summary

The following subsection presents the salient features of the chapters presented in
the book under each theme of the book.

3.1 An Overview of Climate Change in Egypt

This section is covered in four chapters from 1 to 4. Chapter two is titled “An
Overview of Paleo-climate Evidence in Egypt”. It explains how can the knowledge
that we can get from the past can help us to understand the consequence of the
current warming. The earth system is a closed system has its energy from the solar
and cosmic rays and formed of four interconnected spheres (lithosphere, atmosphere,
hydrosphere, and biosphere). The change in chemical or physical conditions in each
one of these sphere is monitor directly for the others. Several internal and external
processes have a strong effect on modifying the earth climate such as extraterrestrial
impacts, volcanism, and injection of greenhouse gaseous into the atmosphere, these
processes are recorded in the geologic history of the earth as a catastrophic and/or
hyperthermal events. The ecosystemhas three differentways to respond to the climate
change; extinction and it is the worst response and is recorded several time in earth
history five of them were major mass extinctions; evolution, in which the Genera
are adapting themselves to the new climatic condition; or rising of new genera. In
several cases, these three scenarios are recorded together in other only one or two of
these scenarios can be observed. To sum up, the study of the paleoclimatic changes
that prevailed in the earth’s history is an important issue to understand the current
climatic changes. Some extinction and hyperthermal events can be used as an analog
for the current changes and help to predict what the future hide for the humankind.

While chapter three is about “Governance and Institutional Structure of Climate
Change in Egypt” focuses on the effective implementation of climate change policies
and strategies in Egypt which requires strong governance and institutional structure.
More coordination between the different stallholders and more effective involve-
ment of the private sector and civil society organizations in the climate change
implementation plans are required.

Successful climate change governance systems should ensure the implementation
of climate policy integration at the national level. This chapter address the governance
and institutional structure of climate change in Egypt listing the different institutions
that are partners to the Egyptian Environmental Affairs Agency (EEAA) handling
the issues related to climate change in different ministries and sectors in Egypt. The
chapter also covers the environmental policies and legislation in Egypt starting from
the Law 4/1994 as the first environmental protection law in Egypt, listing all related
laws as well as the already implemented projects. The chapter also discusses the
important role of civil society organizations and their active engagement as has been
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highlighted in the Third Communication of Egypt (2016). Also, the challenges fac-
ing the private sector have been discussed. The chapter also reflected on the issue
of gender mainstreaming in the climate change policies in Egypt heightening the
importance of the development of the National Strategy for Mainstreaming Gender
in Climate Change in Egypt. The chapter also covers the engagement of Egypt in the
regional and global climate change governance focusing on being the president of
the African Ministerial Conference on the Environment (AMCEN) and Coordinator
of the Committee of the African Heads of State and Government on Climate Change
(CAHOSCC) for the period 2015–2017. Also, the chapter discussed the main chal-
lenges facing climate change governance in Egypt highlighting the need for better
coordination between different stockholders.

The second way is linked to governance and institutional structure
of climate change in Egypt. There is still a marked lack of sup-
port for the growth of institutional capacity and the frameworks needed
to address climate change at local [1, 2]. A cross-cutting problem,
such as climate change, can not be handled by a single department of government or
ministry. The inclusion of climate change in policy decisions requires consideration
of the causes and consequences of climate change in non-climate sectors [3]. “Inte-
grated strategies are a relatively novel approach to govern highly complex issues that
involve several sectors and levels of governance. These are a key tool for fostering not
only sustainable development, but also convergence or ecological modernization of
environmental policy” [1]. Both concepts promote the integration of environmental
concerns into sectors with significant environmental implications long before sus-
tainable development dominated the discourse on the environment [4]. In Egypt,
despite a stated commitment to grassroots involvement in climate change adaptation
processes and actions, the actual focus in national adaptation plans is on technical
and infrastructure options for adaptation, with little attention given to the social and
institutional context in which these options operate [2]. In order to better serve the
needs and interests of themost vulnerable populations, future national-level efforts to
develop adaptation plans need to consider the role of local institutionsmore centrally.

Chapter four elaborates on the “Role of Science, Technology, and Innovation in
Addressing Climate Change Challenges in Egypt” because climate change becoming
a serious man-made environmental challenge with its serious impact on the liveli-
hood. It provides them with the tools and technologies needed to address the impact
of climate change, which should be the main task of international communities [5].
Therefore, science, innovations, and technologies are being to be more important
than ever. They have been focused by agricultural research initiatives that contribute
to the climate change adaptation efforts and enable the farmers and policy-makers to
draw their strategies and actions to face climate change impacts. Egypt vision 2030
stated that “Knowledge, innovation, and scientific research contribute to achieving
the goals of sustainable development and to copewith the impact of climate change on
agricultural sectors, new technologies and innovations have been tested and verified
by agricultural research initiatives that contribute to the climate change adaptation
efforts and enable the farmers and policy-makers to draw their strategies and actions
to face climate change impacts. The Egyptian research system is making great effort
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to overcome challenges related to innovation, and scientific research and already
making big progress with regards to assessment of the climate change impact on
Egyptian agriculture as well as suggesting scientific climate change adaptation mea-
sures Because of the cost of research, funding for scientific research and development
needs long-term commitments which are not affected by rapid policy changes. There
is also a need for more international cooperation.

3.2 Land and Water Resources

This theme is covered into five chapters. The chapter titled “Impact of Climate
Change on Plant-Associated Fungi” discusses an important aspect related to climate
change which is its impact plant-associated fungi. The chapter features the relation-
ship between climate change and the diversity of soil fungi such as decomposers,
mutalists, and pathogens. Since climate change directly affects abiotic stressors such
as temperature, humidity, drought, salinity and nutrient limitations, the relationship
between plants and mycorrhizal fungi is discussed and linked to the increase in agri-
cultural productivity. The increase in temperature and carbon dioxide directly affects
the activity of saprophytic and pathogenic fungi, consequently leading to change the
soil fungal profile. The effect includes fungal enzymatic activity as well as secondary
metabolites and eventually have an overall effect on soil mycobiomes. In order to
reach precision farming, the state of the art technologies has to be used.Modern tools
such as Global Positioning Systems (GPS), Geographic Information Systems (GIS)
andWireless Sensory Networks (WSN) offer precise monitoring for key biomarkers.
WSN is gaining attention because it can be coupled with corrective action providing
a fair opportunity to mitigate harsh climatic changes.

While the chapter titled “Impacts of Climate Change on Microbial Activity in
Agricultural Egyptian Soils” is devoted how climate change affects the microbial
processes and activity of enzymes in Egyptian soils and how they are used as an
indicator of their quality and are likely to respond rapidly to climate change. Egyp-
tian soils have a great diversity of microorganisms such as bacteria, actinobacteria,
fungi, and arbuscular mycorrhizal fungi that play a vital role in nutrient cyclings,
the breakdown of soil organic matter, and increasing soil fertility. However, we still
have no general framework or know remarkably little about their response to cli-
mate change. Moreover, the soil is a complex habitat for microbial growth, and
the structure and function of microorganisms are tremendously complex in the soil.
These complexations lead the difficult to predict the effects of climate change on
the activity of Egyptian soil microorganisms. In this chapter, we review the cur-
rently available researches regarding the impact of climate change on soil microbial
activities such as microbial populations, microbial biomass, enzymes activity, soil
beneficial microorganisms in Egyptian soils.

Climate change is possible to change the composition, function, and abundance
of soil microorganisms, as well as plant-microbe interactions that together affect
the quality of soils. Microorganisms inhabiting Egyptian soils have been exposed to
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high temperature and accumulating of carbonates and soluble salts in desert soils,
and the other inhabiting in alluvial soils in the Nile Delta and the Qattara Depression
of the Western desert. Soil microbial activity will affect by climate change directly
or indirectly. These effects include increasing temperature, elevated or increasing the
concentration of CO2, rise changing soil moisture content, increasing of soil salinity,
and drought. The activity of soil microorganism and/or enzyme is significant as
a sensitive indicator of soil biological quality. These activities are informative to
determine changes in soil biochemical properties that are affected by environmental
stress from natural phenomena or anthropogenic activities. Bacteria and fungi living
in the soil control the breakdown of organic matter in the soil and its release into
the atmosphere as carbon dioxide [6]. Climate warming is expected to increase soil
microbe development, promote more CO2 release, as well as positive climate change
feedback. A better understanding of microbial processes is likely to improve climate
changepredictions [7].Recent researchhas therefore attempted to quantify the impact
of warming on soil microbes and the carbon cycle processes they control and to
explain this using efficiency metrics such as microbial carbon [6].

The third chapter under the current theme is titled “Soils as Driver and Victim
of Climate Change in Egypt”. This chapter explains how the soil can act as a driver
and Victim of climate change. Agricultural soil is an important driver of GHG emis-
sions. Emissions from clay soils are higher compared to sandy soils, especially in the
presence of high moisture and organic matter contents and high pH that encourage
CO2 and N2O flux. Global warming increases CO2 emissions with an exponential
relationship by increasing the temperature of the surface layer of agricultural soils.
Nitrogen fertilizers are a major source of N2O emissions both in dry soils due to
nitrification process or denitrification in waterlogged soils as well as methane emis-
sions in rice fields. In Egypt, about 25 million tons of rice husk and sugarcane wastes
are burned in open field, which contributes strongly to climate change.

On the other hand, agricultural land is a victim of climate change as the global
warming accelerates the breakdown of soil organic matter, which reduces soil fertil-
ity, water storage, and microbial activity, destroys soil structure and increases their
susceptibility to soil compaction. The surface layer of soil is expected to lose about
55 million tons of carbon by the year 2050. Egypt’s agricultural land is experiencing
increased drought throughout the country. Northern coasts of the Delta are intruded
by rising sea level, and salt-affected soils cover about 10% of the Delta area.

On the other hand, the chapter titled “Soil Carbon Sequestration for Climate
Change Mitigation: Some Implications to Egypt” show how in carefully managed
croplands, soil C sequestration can be substantial and represents a potentially con-
structive portion for mitigating the increased levels of atmospheric CO2. The soil is
the largest terrestrial carbon (C) stock, and those factors that affect C retention and
release also influence on atmospheric CO2 levels. Soil C sequestration represents
about 90% of the total mitigation practices of climate change and about 10% of
emission reduction. There is a great concern of soil carbon (C) sequestration and its
role in absorbing atmospheric CO2 not only because of its impacts on climate change
mitigation but also because of its positive impacts on the sustainability of crop pro-
ductivity, soil fertility, and soil quality. Cultivation has resulted in considerable loss
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of soil C due to chemical and biological decomposition of soil organic carbon (SOC),
as well as erosion by wind and water. There is a general agreement that many agricul-
tural ecosystems have a huge potential to sequester carbon in the soil, which could
decrease CO2 concentrations in the air and mitigate its global emissions. Egyptian
soils are low in their C content. Thus its potential to sequester C is high. Therefore,
good management practices should be considered for enhancing soil C sequestration
in Egyptian soils, especially in degraded and desert soil. Climate change is indicated
as an increasing trend in atmospheric temperature and global changes in weather
conditions [8].

Climate change’s effect on global SOCstocks has recently beenwidely recognized
[8].

Moving from the soil to the sea, the chapter titled “Mapping Egypt Vulnerability
to Sea Level Rise Scenarios” is presented to highlight the threat of sea level rise on the
Nile Delta and present a methodology to develop a web vulnerability mapping tool
using Geographic Information Systems to study the different sea level rise scenarios
and to identify and map the areas that are most vulnerable to SLR on the Nile Delta
coast. Four scenarios are implemented to assess the impact of SLR, for 25, 50, 75,
and 100 cm.

The Nile Delta shoreline extends from Alexandria in the west to Port Said in the
east, with a total length of about 285 km. The Nile Delta region in the Mediterranean
coastal zone represents the major industrial, agricultural, and economic resource of
the country. The region is characterized by relatively low land elevation, which leaves
it severely exposed to rising sea levels. In addition, it suffers from local land subsi-
dence, compounding the effects of rising seas (https://www.stimson.org/sites/default/
files/file-attachments/Mohamed_1.pdf). This area is subject to shoreline changes
resulting from erosion and accretion, subsidence, and sea level rise resulting from
climate change.

In order to investigate and analyze such environmental problems and their impacts,
wemust have a tool (SLRS) to understand these changes. The SLRS is awebmapping
tool based on the assessment of the IPCCdefinition of vulnerability.National and sub-
national geographic and socio-economic data have been gathered for the area of study
from different sources including Shuttle Radar Topography Mission (SRTM), land
cover, urban areas, industrial zones, protected areas, power plants, and population
data.

3.3 Smart Farming

The smart farming theme is covered in 7 chapters. The chapter titled “Agricultural
Production in Egypt: Assessing Vulnerability and Enhancing Adaptive Capacity and
Resilience to Climate Change” address the challenges facing the agricultural pro-
duction in Egypt due to climate change in the context of the impact of climate change
on the agricultural and water sectors globally and at the regional levels. The interna-
tional community has endorsed five principles of sustainable food and agriculture in

https://www.stimson.org/sites/default/files/file-attachments/Mohamed_1.pdf
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order to implement the 2030 Agenda, which provide a framework for policy dialog
and the development of appropriate policies, strategies, regulations and incentives
[9]. More than 40% of the Arab population has already been exposed to drought
and other climate disasters [10]. The chapter also discusses the definition of the
term vulnerability in general, analyze the vulnerability of the Near East and North
Africa Region to climate change due to its limited natural resources of water scarcity
and land degradation, that will be even worse by climate change providing detailed
information on the impact of climate change on different farming system in the Arb
Region and the regional efforts including the “ Regional Initiative for the Assessment
of the Impact of Climate Change on Water Resources and Socio-Economic Vulner-
ability in the Arab Region’ (RICCAR)”. The chapter also provides a summary of
the farming system in Egypt and its vulnerability to climate change focusing on the
water resources (the Nile, rainfall and the groundwater) as well as the impact of
climate change due to expected sea level rise and changes in the ecosystems of the
lakes in the Nile Delta. The chapter also discusses the vulnerability of both crop
and livestock production systems in Egypt as well as the fishery production system
providing an estimation of the change in the crop, livestock and fishery production
and the impact of that on the small scale farmers in Egypt. The chapter also discusses
the strategies that have been developed by the Egyptian government to enhance the
adaptive capacity and resilience to climate change including “Egypt vision 2030”
and the climate change adaptation efforts undertaken by the government.

The second chapter under the smart farming theme is titled “Vulnerability of Crop
Pollination Ecosystem Services to Climate Change”. The chapter explains how cli-
mate change threatens the ecosystem services, especially crop pollination, as a result
of its impact on the biodiversity of pollinators, reduces crop productivity, and nega-
tively impacts global food security. In Egypt, over the last 20 years, due to the increase
of temperature, a lot of impacts have affected the agriculture ecosystem, especially
to flora and fauna, including wild and domestic bees. This led to the disappearance
of some species, and some other species have become more superior for dominating
in the ecosystem. In the future, it is expected that there will be increasing impacts.
Beside the impact of climate change in Egypt, several bee species are threatened by
nesting fragmentation, habitat elimination, degradation, and urbanization. Climate
change is also expected to have some more changes in the bee generations and their
intercorrelations with their foraging resources. There is evidence that many para-
sitic mites, diseases, and pathogens have a great impact on the managed honey bee
colonies acrossEgypt,which probably the factors are leading toColonyCollapseDis-
order (CCD). Pesticides also are a key factor behind colony collapse disorder (CCD),
directly and in tandem with two leading co-factors, pathogens, and a shortage of nat-
ural resources. Climate change and human interference such as miss management
of honey bee races have a great influence on the spreading and weakness of honey-
bees. Recently, there is a lot of efforts for protecting and conserving plant pollinators
with a particular interest with honey and solitary bees. In Egypt, many efforts are
ongoing for protecting the habitats of some solitary bees present in Egypt. These
attempts have already succeeded in re-nesting and establishing three bee species.
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Several efforts must be taken into consideration such as enhancing the health of pol-
linators “honeybees and solitary bees,” avoid extensive using of chemical pesticides,
encourage local farmers for cultivating bee-friendly plants and protecting the natural
nesting habitats of solitary bees. Promote the ecological intensification strategy such
as intercropping, crop rotations, farm-level diversification, and reduced agrochemi-
cal use for promoting biodiversity beneficial to agricultural production. Therefore, it
is strongly recommended to mitigate the potential adverse impacts of climate change
on the diversity and efficiency of insect pollinators, especially, managed honeybees
and other solitary bee species.

The third chapter in this section is titled “Change of Agricultural Calendar as a
Response to Climate Variability”. It demonstrates the need for farmers to adjust their
agricultural calendar and switch to farming practices that make better use of natural
resources. Climate change often has an indirect impact on agricultural production
by affecting the development and distribution of crop pests and animal diseases,
increasing the rate and spread of harmful diseases, weather conditions, decreasing
water supply and irrigation, and increasing soil erosion severity. Important agricul-
tural adaptation methods include new crop varieties and animal species suitable for
drier situations, irrigation, crop divarication, implementation of mixed crop and live-
stock farming systems, and changes in the dates of agricultural activity. In response
to short-term climate variability, some of these methods (e.g., changes in agricultural
activity dates) are classified as coping responses. Many factors and critical informa-
tion, including plant calendars, are considered [11]. In its growth cycle, the sequential
series of various phenological stages of a crop determines the so-called crop calendar
[12].

Crop calendars provide the timing of crop sowing, growing, and harvesting peri-
ods. Different sources of information were used on crop calendars. There is no
research focusing on how farmers in the face of climate change are adapting their
entire agricultural calendar. Thus, as a response to climate variability in Egypt, this
chapter aims to explore observed changes in the agricultural calendar. It also aims
to illustrate the factors affecting the decision of farmers to adjust their agricultural
calendar as a climate variability coping mechanism.

Land surface phenology (LSP) metrics were used as a default for crop calendars
and criteria such as the beginning and end of the season were applied to identify the
pixel-level growth period of active agricultural vegetation.

The chapter titled “Projected Crop Coefficients Under Climate Change in Egypt”
addresses the quantification of how climate change will affect the values of crop
coefficient (Kc) for several important crops in Egypt in 2030 as this is very impor-
tant in the management of water resources in the future. Projection of Kc values for
the cultivated crop is important for the future planning of water resources. The avail-
able weather data in 2030 contained only solar radiation and temperature (maximum
and minimum), which not enough to calculate evapotranspiration (ETo) using the
Penman-Monteith equation (P-M). To overcome that, the monthly values of ETo in
2016 were calculated using the Penman-Monteith equation (P-M) and Hargreaves-
Samani equation (H-S). Then, the monthly ETo (H-S) values were regressed on the



12 E.-S. E. Omran and A. M. Negm

monthly ETo (P-M) values, and prediction equations were developed for each agro-
climatic zone of Egypt. These equations were used to project ETo values under cli-
mate change in 2030 using RCP6.0 climate change scenario resulted fromMIROC5
climate change model. The developed ETo values were used to run BISm model and
to calculate Kc values for 14 field crops, 7 fruit crops, and 13 vegetable crops, where
the date and the value of each Kc growth stage, as well as the water consumptive use
of each crop in 2030 were calculated. Comparison between Kc values in 2016 and
2030 for field and vegetable crops revealed that the values of Kcini were higher in
2016, compared to its counterpart values in 2030. The values of Kcmed and Kcend
were similar or lower in 2016, compared to its counterpart values in 2030. Whereas,
there was no change in the values of Kc for fruit crops between 2016 and 2030.

A practical example is given by the chapter titled “Rice Production in Egypt:
The Challenges of Climate Change and Water Deficiency”. This chapter show how
the changing in rice management practice; such as decreasing ploughing, creating
another alternative to rice straw burning and balanced fertilizer application would
lead to mitigating of greenhouse gas emission from rice cultivation and improving
soil organicmatter (SOM) stocks, subsequently soil quality and productivity. Climate
change has been one of the major global environmental problems of the 21st century.
Rice is the main cereal crop for over 50% of the world’s population. Rice cultivation
is known as an important emitter of greenhouse gas emission, especiallymethane due
to rice management practices and burning of rice straw after harvesting. However,
many studies confirmed that rice soils accumulate carbon higher than other crops such
as wheat and corn. The cultivated area of rice in Egypt is approximately 650,000 ha
from the whole cultivated area in Egypt; approximately 3.3 million ha; i.e. around
20% of the cultivated area in Egypt. Egypt relies on the Nile for 97% of its water
requirements. The expected scenario of water deficiency in the Nasser Lake due
to the Grand Ethiopian Renaissance Dam construction, with pulling of deficiency
from Dam Lake; is emphasizing on wasting approximately 1.7 million ha of Egypt’s
cultivated area. As well, the expected high scenario of a relative sea level rise in
Egypt; especially Nile Delta increases the amount of land that lying under risk from
inundation in the north Nile Delta by 300 km2, which estimated by one-fifth of the
total agricultural land in the northeast Nile Delta only. Also, all crops are projected to
have a decrease in yields and an increase in irrigation needs. Thus; all these challenges
will increase the stresses on rice production and decrease soil C storage in Egypt as
a result of climate change and water shortage due to establishing GERD.

On the other hand, the chapter titled “Nano-technology for Real-Time Control
of the Red Palm Weevil Under Climate Change” explains how to utilize the nano-
techniques using acoustic and thermal sensors, to detect the infection of RPWat early
stages and consequently protect the Red Palm Weevil. In fact, the current measures
used to control the insect are not effective enough to succeed in eliminating the
insect because of the great difficulty in early detection of infection and reaching all
life stages inside the trunk. The first objective of this study is to detect the presence of
living stages of RPW, which are hidden in the palm tree. Nano-sensor system using
acoustic and thermal sensors was developed for significant recognition of RPW in
an earlier phase of the infestation.
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The second objective was to propose Nano-natural (plants and minerals) extract
for RPW treatment and cure. Nano-minerals were used and prepared in natural
leaves extract to control RPW, which is a cost-effective and environmentally friendly
method. The nanoparticle minerals were used and prepared in Moringa oleifera
leaves extract to control RPW. Nano-minerals extract (NME) drastically decreased
developmental stages of R. ferrugineus. The compound is a 100% natural solution.
It is derived from natural plants and minerals that can significantly aid in controlling
RPW. Also, it is safe to use on all plants and crops including natives.

The third objective was to propose a Nano-ultrasonic system to prevent the date
palm field from infected RPW. Ultra-sonic sensors were used to prevent the RPW to
attack the date palm trees. Unlike traditional methods, which are time-consuming,
and labor intensive, this system offers the advantages of keeping the palm trees intact;
reduce costs, as well as saving time and money in the process of pest’s infestation
detection.

The smart farming theme ends with the chapter titled “Facing Climate Change:
Urban Gardening and Sustainable Agriculture” to demonstrate how every person or
every official in the municipality or community can play a role in mitigating climate
change. Either by reducing emissions from his activities or by reducing the levels of
incoming emissions through sustainable gardening. Managers must follow the right
scientific methods for choosing the appropriate garden plants or following the agri-
cultural practices that reduce emission levels. Measures to combat climate change
encompasses two primary titles: removal of themaximumgreenhouse effective gases
and decreasing causes of greenhouse gas emissions. The direct greenhouse gases are
carbon dioxide, nitrous oxide, and methane. Nitrous oxide is approximately 300 and
methane around 30 times than carbon dioxide at trapping heat in the atmosphere. Cli-
mate change affects and is affected by all communities, but its treatment must begin
with the actions of individuals. Trees in the urban area strongly reduce pedestrian
level heat stress by absorbing and reflecting solar irradiance.

Vegetation in gardens is one of the most important components affecting cli-
mate change. Urban gardening, mainly consist of trees resource, is a valuable asset.
Trees’ benefits to the human being were most pronounced in their contribution to
environmental benefits. Thus, plants in gardens were found to provide a particularly
important function in mitigating climate change and maintaining the environmental
quality of communities.

Gardeners can help lessen the global warming pollutants associated with waste
disposal by turning leaves, grass, woody garden clippings, and dead gardenwaste into
mulch or compost, then using it in the garden. Recycling these wastes will not only
reduce methane emissions from landfills but also improve the garden’s soil and help
it store carbon. One of the innovative methods that reduce greenhouse gas emissions
is to make and use biochar. Because nitrous oxides are an important greenhouse gas,
better management of nitrogen fertilizers can reduce its emissions. The four main
management factors that help reduce nitrous oxide emissions from applied nitrogen
fertilizer are commonly known as the 4R’s: right application rate; right formulation
(fertilizer type); right timing of application; right placement at the plant’s root zone
as possible.
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3.4 Livestock, Fishery, and Aquaculture

This theme is covered in 5 chapters. The chapter titled “Potential Climate Change
Impacts on Livestock and Food Security Nexus in Egypt” illustrates the interactions
between and among the energy, water, land, and climate systems that take place
within a social and economic context. Regardless of the way that the phenomenon of
worldwide atmosphere changes, and the local effects, it is normal that Egypt would
be one of the countries most influenced by the impacts of climate change. These
impacts are reflected in high temperatures, changing rainfall pattern, rising sea lev-
els, and the expanding recurrence of atmosphere related disasters, which posture
dangers to farming, agriculture land, water supply, and food security. Agriculture
land is a constrained that ought to be utilized effectively and in a way that keeps
up its esteem with the goal that it can produce an adequate amount of food, fuel,
and forage in both the short and long term. To enhance rural life and enhance the
food security in the district, it will be fundamental, subsequently, to enhance the
efficiency of this agricultural framework through presenting water and soil preserva-
tion procedures, providing quality seeds, and empowering the utilization of manure.
From the viewpoint of water administration, intercessions to increment agricultural
profitability ought to incorporate projects to extend irrigated areas, enhance thewater-
maintenance properties of soil, and enhance profitability and water-utilize efficiency.
To enhance production, and accordingly, farmers, population, and food security are
the two primary components prompting the expansion and the requirement for more
developed agribusiness in both rainfed and irrigated farming.

Added to the above, the chapter titled “Influence of Climate Changes on Animal
Feed Production, the problems, and The Suggested Solutions” presents the efforts
done by some selected countries across the world to get the benefit of how the
climate change influenced the animal feed production. Climate change is a long-term
change in the earth’s climate, especially a change due to an increase in the average
atmospheric temperature. Climate change demonstrates itself through the noticeable
variation in the weather, including temperature, rain fall, and wind. Agriculture in
the arid land is vulnerable to climate changes since it depends on water resources
and prevailing atmospheric conditions. The influences and consequences of these
variables on agriculture might operate negatively or positively. There is a reciprocal
effect between climate change and animal production. The production of livestock
contributes about 18% of global greenhouse gas emissions from all human activities.
The farm animals are prone to the adverse impacts of the changes in climate.

The changes in climate will impact both of the quantity and quality of forage
production as well as their reliability. Major impacts of climatic changes on feed
crops and grazing systems would be changes in herbage growth, changes in the
composition of pastures, changes in herbage quality, and the offset of biomass yield
increases. Since pastures depend on rainfall, any changes in rainfall patterns will
affect the plants on pasture.

Climate Change Convention in Paris and declared an agreement to “hold the
increase in the global average temperature to well below 2 °C above pre-industrial
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levels… recognizing that this would significantly reduce the risks and impacts of
climate change”, pursue efforts to limit the temperature increase even further to
1.5 °C and undertake and communicate ambitious efforts to contribute to the global
response to climate change by strengthening the mobility of countries to deal with
the impacts of climate change.

Moreover, the chapter titled “Algae and Fishes: Benefits and Hazards” show how
algae play a major role as primary producers and form the base of the food chain
as they are the major diet for many aquatic animals. They are either microscopic or
macroscopic, and both can be cultured for mass production of fish and crustaceans
feed. They can also cause the favourable pigmentation of several animals. The iron
fertilization experiments aimed at increasing algal proliferation but their impact is
still under debate. Nonetheless, algae have their harmful side as they can be toxin pro-
ducers and biofoulers. Aquatic animals such as fish and crustaceans provide human
beings with high-quality protein diets.Meals of aquatic animals are based partially or
even entirely on algae. Marine algae can be grown as maricultures in marine environ-
ments in various forms. Also, algae can be used for fish diets in inland aquacultures.
However, the types of algae vary according to the type of aquaculture. Algae can also
be grown not only for their nutritional value but also for their pigments that can affect
the colour and health of some aquatic animals. Recently the iron limitation in marine
environments attracted the attention of scientists as the deficiency in this element
caused a reduction in phytoplanktons. Iron fertilization in the ocean was performed
in order to enrich some marine environments with iron, which in turn would lead to
an increase of the phytoplankton. Scientists propose that this would cause mitigation
of global warming as algae take in carbon dioxide, the main factor responsible for
global warming, and release oxygen during photosynthesis. The number of aquatic
animals is also expected to increase. However, the short and long term overall effects
of those experiments are yet to be evaluated.

Toxic algae can also adversely affect aquatic animals and can cause a massive die
off. The two main algal groups responsible for toxins production are cyanobacteria
and dinoflagellates.

They can spread from one water body to another through ballast water or biofoul-
ing aquatic vessels such as ships and boats. This, in turn, would be harmful and even
lethal for aquatic animals and would jeopardize food security. Thereby, surveillance
of aquatic vessels must be performed.

On the other hand, the chapter titled “Climate Change Impact on Immune Status
and Productivity of Poultry as well as the Quality of Meat and Egg Products” is
presented to discuss the impacts of climate change on immune status and productivity
of poultry. Also, it explains how climate change affects the quality of meant and
egg products. Additionally, the chapter focuses on the key principles (nutritional or
managerial practices) to alleviate the adverse impacts of heat stress.

Current poultry production systems comprise large numbers of birds that are
housed together. This results in heat stress, which affects the poultry systems making
them more susceptible to heat stress. Heat stress causes (i) inconvenience and high
mortality rate for birds, and (ii) lower or lost production, which therefore reduces
the profitability. Both production performance and feed conversion ratio are affected
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by heat stress conditions, which affect the production rate. Other effects that are
connected to heat stress include immunity reduction and weak immune response to
vaccines that decrease the resistance of birds to many infectious diseases. In laying
hens, the production is significantly decreased and does not reach to the peak a
decrease in the egg quality (e.g., thin and breakable eggshell) in addition to lower
egg weight with small size.

The last chapter in this section is titled “Climatic Change andChicken Immunity ”.
The chapter is presented to compile the current knowledge about the importance and
impact of climatic change, warming the global, on chicken production, focusing on
chicken immunity. Chickens have very strong built-in defenses (immunity) against
diseases that are caused by overrunning of the body by various microorganisms
and toxins. Under stress conditions, avian blood tolerates a change from acid-base
balance to alkaline balance. There is a decline in the plasma, a reduced level of
vitamin C in the adrenal cortex, a reduction in lymphocytes, and a depression of
the immune response. As the temperature rises, the birds undergo many changes—
increasedwater consumption, respiration rate, body temperature, inferior egg quality,
and susceptibility to diseases.

The highly specific adaptive immune mechanisms are affected by heat stress.
In more specific, heat stress deteriorates the cell-mediated immune responses. As a
result of heat conditioning, biochemical and physiologicalmechanismswere induced
to cope with heat stress; this induction may have delayed production of additional
acute phase proteins to protect the cells fromdamage. The stress hormones—cytokine
interactions are responsible for altered immune functions during heat stress.Modern-
daymolecular biology tools can help in understanding various cellular andmolecular
mechanisms involved in the production, physiological and immunological aspects of
the poultry birds, which in turn can help in the development of breeds more adapted
to the climate changes.

3.5 Socioeconomic Impacts

The socioeconomic impacts of climate change are covered in three chapters. The
chapter titled “Climate Change, Agriculture, and Rural Communities’ Vulnerability
in the Nile Delta” discusses the severe impacts of climate change on agricultural
production and rural communities in the Nile Delta in Egypt. However, immediate
challenges, such as population growth, land fragmentation, and urban expansion on
agricultural land if not timely curbed will further exacerbate future climate change
impact. Agriculture in Egypt in general and in theNile Delta in particular, is currently
facing other intense challenges resulting from the rapid population growth that is
exceeding 2.5% annually [13], thus augmenting agricultural land and irrigationwater
scarcities.

Farmers in Egypt are expected to suffer from climate change impacts, and the
Nile Delta in the northern part of Egypt—comprising about 50% of the agricultural
land—is identified as one of the world’s three “extreme” vulnerability hotspots.
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The Nile Delta is central for the production of field crops’ and the provision
of related agricultural employment in Egypt. However, there are present socio-
economic (e.g., population growth, land fragmentation and urbanization of agri-
cultural land) and natural resources (e.g., water and soil) challenges that negatively
affect agricultural production, farmers’ livelihoods, and national food security.

The chapter explores the change in agriculture in the Nile Delta governorates, in
terms of field crops’ agricultural land area, production, net value, and employment,
stemming from socio-economic challenges, and those caused by the climate change
stimuli, here, temperature increase and sea-level rise by 2030.

Population growth and land fragmentation are expected to constrain farmers’
resilience to averse the negative impacts of climate change, while urbanization on
agricultural landwould increase the effects of climate change on the local andnational
levels contributing to the eruption of social tensions.

Though all Nile Delta governorates are suffering from the presence of high illit-
eracy and poverty rates, and the absence of strong associative structures, qualified
extension information and target group specific support, some governorates are to
be affected more by climate change than others.

While the chapter titled “Water Climate Food Nexus for Green Sustainability”
deals with Water-Climate-Food Security (WCF) Nexus approach as an important
tool to reduce future challenges due to climate hazards. Whatever applying this
approach need to devote more time and efforts for developing a coordination mecha-
nism horizontally between different sectors and vertically between many stakehold-
ers and authorities. Implementing for such mechanisms, it could be used the natural
resources with optimum manner.

Green Sustainable Development (GSD) is that meets the needs of the present
without compromising the ability of future generations to meet their own needs. At
the core of sustainable development is the need to consider “three pillars” together:
society, the economy, and the environment. No matter the context, the basic idea
remains the same—people, habitats, and economic systems are inter-related.

The interrelationship between many Sustainable Development Goals (17 SDGs)
supporting the nexus approach. Among the SDGs 17 goals; Achieving SDG 13 on
climate Action required a close nexus with other key SDGs on the social agenda;
especially goal 1 reducing poverty, SDG2 for food security, SDG3 improving health,
SDG5 Gender equity, SDG6 for water Access, SDG 10 for inequality and SDG 15
for land and Ecosystems, and finally SDG 17 for Partnerships.

The last chapter in this section is titled “Climate Impact on Egyptian Agricul-
ture: An Efficiency Analysis Approach” is presented to assess the impact of average
maximum temperature, humidity and solar radiation through the technical efficient
governorates using panel frontier models. Climate Smart Agriculture (CSA) is an
approach that deals with restructuring agricultural systems to cope with climate
change through three main objectives, which are sustainability increasing productiv-
ity and incomes, mitigating GHG emissions, and adaptation and building resilience.
The Intergovernmental Panel onClimate Change (IPCC) has released a special report
on 2018 on the impact of global warming of 1.5 °C and GHG emission pathways.
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Additionally, the report has shown that most climate models showed robust results
of regional climate characteristics differences [14].

Both agriculture and climate change impact each other. Climate change affects
agriculture in differentways through changing the intensity, the frequency, and occur-
rence of events (rainfall, heat waves, changes in pests and diseases, changes in carbon
dioxide, droughts) that are not common in the location´s history. Egypt is considered
one of the countries that are vulnerable to climate change impact because it is located
in a region that falls between semi-arid and arid conditions, where 94.5% of Egypt
total area is desert. The 5.5% of the area is populated with 95 million inhabitants that
where the River Nile and the coastal area. The objective of this study is to assess the
climate impact using different indicators (humidity, average maximum temperature)
on cereals production and technical efficiency in five governorates (Behera, Gharbia,
Kafr-Elsheikh, Dakahlia, and Sharkia) from the year 2000 to the year 2009.

The graphical analysis of the mean Vegetation Condition Index (VHI) exhibits a
positive trend over time for the analyzed governorates and the Agricultural Stress
Index (ASI) indicator exhibits high fluctuations for season 2 compared with season
1 considering the higher the index value the more likelihood of facing drought. The
increase in the ASI was more intense for Behera, Gharbia, Sharkia, which represent
the old lands and New Valley that represent the new lands. Results of the frontier
analysis, production elasticity estimates indicate that, for all governorates, the culti-
vated area has the largest positive effect on the quantity produced. In the case of the
rice model, cultivated land, labor and fertilizers are found to have statistically signif-
icant influence; lagged rice production has an adverse impact on current production
because of the government policy to minimize water resources consumption. Also
the results of the analysis show that the average maximum temperature and humidity
are found to increase the technical inefficiency of the cereals producers.

The book ends with the conclusions and recommendations in last chapter.
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An Overview of Paleo-Climate Evidence
in Egypt

Hassan Khozyem

Abstract In this chapter, we discuss the global paleoclimatic and paleoenvironmen-
tal changes focusing on their causes and consequences. Twomain processes can yield
the climatic changes; the earth’s internal processes and the extraterrestrial impacts.
Both of them have a strong effect on the earth’s system. The paleoclimatic change
is well preserved in the earth’s sedimentary record and can be reviled by using mul-
tidisciplinary studies including mineralogy, geochemistry, and the fossil contents.
Egypt is a key area of one of the most pronounced climatic changes that occurred in
the earth’s geologic history; the Paleocene Eocene thermal maximum (PETM) that
used recently as analog for the current warming.

Keywords Paleoclimate · Paleoenvironment · Mass extinction events ·
Hyperthermal events · PETM · Current warming

1 Introduction

Earth is superorganism, the oceans are the heart of Earth’s global system, and the forests are
the lungs …. James Hutton (1785)

The earth’s climate is defined between two climatic end members; polar climate
and tropical wet climate. Between icy poles and the steamy tropics, wide variety
of climatic conditions are occurring and contribute to Earth’s geologic history and
consequently effect on biodiversity and geologic heritage. In 1985; James Lovelock;
proposed the Gaia Hypothesis to explain the environmental changes that occurred on
the Earth’s surface. The Gaia Hypothesis discuss five main aspects, which are: (1)
Earth is an Organism; (2) Life significantly affects Earth’s environment; (3) Different
life sorts modify the environment to reach to its betterment of life; (4) the deliberately
and/or consciously of life can control the global environment; and (5) Studying of
the Gaia hypothesis needs to activate the interdisciplinary thinking.
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Fig. 1 The interaction between the earth system components

Earth is a complex system of interacting physical, chemical, and biological pro-
cesses. The Earth system is comprised of four interconnected spheres of components
and processes: atmosphere, geosphere, hydrosphere (incl. cryosphere) and biosphere
(Fig. 1). Changes in any of these components have a direct and/or indirect effect on
the other components. Consequently participates in the redistribution of climatic
belts. Recently we can also add the human impact as an effective factor has a strong
impact on the Earth’s climate. In reality, no component of the Earth system can be
considered in isolation from any other component. The Earth system operates within
and is strongly influenced by, the exosphere (sun, solar system, and galaxy).

The term Climatic Changes is proposed to explain the changes in the distribution
of weather patterns that are lasting and extends for a certain period. Several proxies
are proposed to be used as paleoclimatic tracers (i.e., oxygen—δ18O, sulfur—δ33S
and organic and inorganic carbon—δ13C) as well as the sedimentological data. These
proxies together increase our vital knowledge into the composition of atmosphere–
ocean-biosphere system. For example, the low δ18O suggesting increasing of green-
house phenomena due to the high level of the greenhouse gaseous (CO2, CH4 as well
as H2S). In contrast, the high δ18O indicates the proliferation of phytoplankton in the
oceans [1].
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2 Palaeoclimate Through Geological Time

The dramatic instability of the Earth’s climate is a point of debate. Many hypotheses
have been proposed to explain the climate variations through the geologic time such
as changes in solar radiance due to the instability of earth’s Orbital andMilankovitch
cycles, change in the greenhouse gases (carbon dioxide or methane) level in the
atmosphere [2], or change in the Oceanic thermohaline circulation. The climate can
be affected by two different major processes; internal processes such as changes
in the atmosphere, ice, vegetation, and changes in the ocean and land surface; and
external processes like changes in plate tectonics, change in the Earth’s orbit, and
changes in the intensity of the Sun [3]. The main control on the paleoclimate was
the paleoposition due to the continental drift (Fig. 2). Through the geologic time, the
Earth’s climate varies in cyclical rhythm over a number of time-scales fluctuating
between hot to cold weather as well as dry and wet climate (Fig. 3).

Fig. 2 Sequence of paleomap reconstruction showing the evolution of the continents through the
last 750 Ma. (The visible paleo-earth project, planetary habitability laboratory @ UPR Arecibo—
phl.uora.edu)
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Fig. 3 Mass extinctions, impacts, and large igneous provinces during the Phanerozoic. Stratigraphic
subdivisions and numerical ages from the 2004 International StratigraphyChart (ICS) of [4], Genera
compilation from [5–7]; impact database from [8], LIPS and CFBP database from [9]. Note that the
Chicxulub impact predates the K-T boundary by 300 ky. Modified after [10]. Together with climate
variations in Earth history (modified after [3])

The climatic evolution led to the evolution of life through the Phanerozoic era
and helps to divide the Phanerozoic into three parts: Palaeozoic (~542–251), Meso-
zoic (~251–65 Ma) and Cenozoic (65–0 Ma) [11]. The Phanerozoic geochemical
climatic model of [12] depends mainly on the carbon, oxygen and sulphur cycles
and these cycles have a very closed consistent relationship to the Geological and
paleontological studies [13, 14].

The relationships between the carbon cycle, oxygen cycle, and biological pro-
ductivity can be summarized as that the period of low atmospheric CO2 it always
coincided with periods of high atmospheric O2 and the high biological productivity
is occurring. During cold periods a large amount of atmospheric CO2 is trapped
by ocean cold waters. The atmospheric CO2 drawdown via Photosynthesis. The
decayed organic matter from land plants and phytoplankton are removed from the
atmosphere-biosphere system by buried and release the oxygen to the atmosphere.
During high-CO2 level the ocean acidify due to the less dissolved oxygen contents,
led to the stress conditions inhibit the phytoplankton from oxygen production, while
on land, aridity and/or wildfire effects negatively on the plant photosynthesis [1].
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3 Causes of and Consequences of Global
Paleoenvironmental and Climatic Changes

A vast number of studies have emphasized the initial causes of the climatic and
palaeoenvironmental changes that took places during the Earth’s history. The pro-
posed scenarios depend on multidisciplinary studies includes paleontological, sed-
imentary, volcanic, asteroid impact, and paleo-CO2 and paleo-temperature trends.
The causes of climatic and palaeoenvironmental changes can be summarized as one
or even more of the following:

Extraterrestrial impacts (Fig. 3) that led to a sequence of processes includes
explosion, fragmentation, cratering, melting and vaporization of the immediately
surrounding rocks [15–17].

(a) The results of any asteroid impact depend mainly on the crater size and includes
earthquakes, tsunami waves, high level of aerosols input into the atmosphere
such as sulfur and carbon dioxides, mercury, dust. The consequences of the
impact are increasing the acid rain due to the high greenhouse gases level in
the atmosphere changing the climate to hot humid climate, increase in ocean
acidity [18]. The long-lasting of the greenhouse gases in the atmosphere leads
to prolongation of the period of high global temperature that affect on both
biosphere and hydrosphere [19].

(b) The large volcanic eruptions, The Large Igneous Provinces (LIPs) thought to
play a significant role in global climatic changes that can be observed in Paleo-
records [20]. Several efforts were made to link the main mass extinctions and
oceanic anoxia events resulted from climatic and paleoenvironmental changes
to the major volcanic eruptions even (Fig. 3), though it’s still in debate [21, 22,
23, 24, 9, 25, 20, 26].

(c) Several Maas extinctions and hyperthermal events show a good correlation
with the LPIs occurred during their time and their relation is well established
such as Late Ordovician mass extinction [27] Middle Permian and the Permo-
Triassic mass extinction event [21, 28, 29, 30], end-Pliensbachian extinction
and Toarcian [31, 32] end-Triassic mass extinction [33], early Cretaceous [34];
Cretaceous-Tertiary Mass Extinction events [21, 35, 36, 9, 37, 38, 39] end of
Cretaceous [37] and recently PETM [40, 41]. The large volcanic eruption has
the same effect as the extraterrestrial impacts.

(d) Huge CO2 release, several sources of the CO2 were proposed explaining several
climatic changes in the Earth’s history. Wildfires, extensive burning of peat and
coal deposits linked with the arid period [42]; (2) thermogenic methane linked
to hydrothermal injection in organic-rich sediments [43–45]. (3) the drying of
isolated epicontinental seas which led to rapid oxidation of organic matter [46],
(4) melting of the methane-rich permafrost [47] and (5) Catastrophic methane
release from the continental sheilf [48, 49]. All these sources can be led to
increasing the greenhouse conditions and forces the climatic changes.
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The biosphere is very sensitive to the climatic and environmental change and has
three different types of response to these changes; 1—Mass extinction, 2—Evolution,
and 3—Rising of new genera. Five major mass extinction events took places through
the geologic history, aswell as several hyperthermal events led to the evolution and/or
introducing new creatures to the Earth’s record.

During the Mass extinction events, and based on the High-resolution palaeoe-
cological and geochemical studies indicates extensive ecological stress conditions
led to turnover and recovery of different marine genera extended through intervals
lasting millions of years and extends upheavals affecting terrestrial vegetation.

4 Major Mass Extinction Events

4.1 The Ordovician-Silurian Mass Extinction Event (Fig. 3)

A global extinction event is occurring during the Hirnantian Age (445.2–443.8 Ma)
of theOrdovician Period and the subsequent RhuddanianAge (443.8–440.8Ma) [50]
of the Silurian Period. Eighty-five percent of life species were extinct. In which one-
third of all brachiopod and bryozoan families were disappeared, as well as numerous
groups of conodonts, trilobites, and graptolites [51]. Twomain reasons led to the end-
Ordovician extinction; the first wave of extinction may be linked to rapid cooling
occurred at the end of the Ordovician [5, 52, 53, 10] and the second is caused by
the sea-level fall associated with the glaciation. The drop in sea level would have
drained the large epicontinental seas and reduced the available habitat for organisms
that favored those settings. The CO2 level is decreased from 5000 to 3000 ppm
during the glaciation, whereas the sea level is lowered by about present level [54].
The combination of the sea-level drop, and reducing ecospace on continental shelves
due to the glaciation, are likely driving agents for the Ordovician mass extinction.

4.2 Late Devonian (Frasnian-Fammenian)

A global extinction event is occurring during 375–360 Ma close to the Devonian–
Carboniferous transition and lasted about 20 Ma [10]. At the end of the Frasnian
Age (Fig. 3). About 19% of all families, 50% of all genera and at least 70% of all
species were extinct [55]. The end of Devonian was marked by a large multi extrater-
restrial impacts (Bolide also called fir bale; Fig. 3) Woodleigh, Alamo, Charlevoix,
Warburton and Siljan with diameters of 120, 100, 54, 52 400 km respectively [16,
17, 56]. Late Devonian mass extinction was a series of extinction events [54]. The
first was around 387 Ma extinction in which about 30% of Genera was extinct. The
second, around 374 Ma and about 58% of the pelagic Genera were extinct including
several species of Ammonoids, Cricoconaids, Placoderms, Conodonts, Agnathans,
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as well as some of the benthic groups such as Rugose corals, Trilobites, Ostracods
and Brachiopods [10]. The last around 359 Maand includes extinction of 30% of
Genera including several species of affected Placoderms, ammonoids, conodonts,
stromatoporoids, rugose corals, trilobites and ostracods. The CO2 levels decreased
from ranges of 3200–5200 ppm to below 500 ppm [57]. In the terrestrial realm, the
development in the plant megaphyll leaves containing high stomata density allowed
vegetation to adapt to the cool low-CO2 conditions of the fore coming cold periods
[14, 58]. The land had been colonized by plants and insects. In particular, the rapid
rising of Archaeopteris forests during the closing stages of the Devonian [59]. The
sedimentary record includes evidence reveal several environmental changes Such
as exists of widespread anoxia in oceanic bottom waters; the high rate of carbon
burial [59], tropical reef and benthic organisms were devastated. The most important
evidence is the cyclic sea-level changes around the Frasnian–Famennian Kellwasser
event, in which the sea level rise is associated with the onset of anoxic deposits [60].

4.3 Permo-Triassic Mass Extinction

The Great Dying, occurred between 251.941 ± 0.037 and 251.880 ± 0.031 Ma ago,
and lasting for the duration of 60 ± 48 ka [61]. The Earth’s largest mass extinction
event that killed 57% of all families, 83% of all genera and 90–96% of all species
[62]. These percentage includes about 96% of all marine species and about 70% of
terrestrial species and insects [63]. This event is associated with a major eruption
of Siberian volcanism [64, 39, 65]; Fig. 3) with a large asteroid impact (Araguinha,
Brazil, with a diameter of 40 km). The atmospheric CO2 level is increased to about
3400 ppm [66, 67]. The geochemical investigation across the Permo-Triassic bound-
ary [68] based on isotopic d13C and d34S indicates that increasing the aridity that led
to dropping in the rate of organic burial starting from late Permian. The aridity led to
a decrease in on land biomass from forests to grassland. An abrupt drop in oxygen
level and increasing both pyrite and organic carbon led to rising of euxinic marine
conditions. The consequence of the previous conditions is to forsees the extinction
of vertebrates and loss of giant insects and amphibians, as well as increase in ocean
acidity, melting of polar ice, change in ocean circulation speed that result in ris-
ing anoxia producing a huge amount of H2S that released to the atmosphere and
accelerate the sea and land mass extinction [19].

4.4 Triassic- Jurassic Mass Extinction

Took place around 201.3Ma characterized by the extinction of 70–75% of all species
[69] includingMost archosaurs, therapsids, and the large amphibians were vanished,
only dinosaurs were resisted with few terrestrial fauna. The aquatic ecosystems were
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dominant archosaurs, whereas in the marine environment were dominated the non-
archosaurian diapsids. This eventwas coincidentwith the opening the centralAtlantic
magmatic province [9, 70, 71] as well as the large Manicouagan impact (Fig. 3). Its
characterized byperturbation in the carbon cyclewith increasingofCO2 level reached
about 1300–2200 ppm that causes the rising extreme warming conditions.

4.5 Cretaceous-Tertiary Mass Extinction

The KPg boundary is placed around 66 Ma and is considered as the 2nd largest mass
extinction event in the earth’s history.About 17%of all families, 50%of all genera and
75% of all species became extinct [72]. this event is characterized by: a- presence of
extraterritorial Iridium anomaly associated with red clay layer; b-Mass Extinction of
planktic foraminifera at the KPB followed by evolutionary trend of Danian species;
c- negative shift in δ13C due to increased atmospheric CO2 level [73–76]. Chicxulub
impact was the acceptable scenario that proposed to explain this event; [77–86].
Recently several studies focused on the relation between Deccan volcanism eruption
and the KPB Mass Extinction event [87, 88, 37, 89, 90, 91, 92, 38, 93, 94, 95].

5 Hyperthermal Events

During the last 65 million years, the Earth has undergone many episodes of natural
globalwarming and cooling due to various causes. The sedimentary rocks hold a good
record of the environmental changes during this part of Earth’s history. Most of these
environmental changes are linked to carbon cycle perturbations that resulted in the
increase or decrease in Earth’s temperature linked to variations between extremes of
expansive warmth with ice-free poles to extremes of cold with massive continental
ice-sheets and polar ice caps. Such extreme climatic changes are controlled on a
global scale by Earth’s orbital geometry and/or plate tectonics [96].

The Eocene (55.8 ± 0.2 to 33.9 ± 0.1 Ma. [11], is a period in Earth history char-
acterized by climatic extremes varying from the greenhouse to icehouse conditions
(Fig. 4). The warmest period of the Cenozoic era coincides with an extreme warming
event at the Paleocene-Eocene transition known as Paleocene-Eocene ThermalMax-
imum (ETM1 or PETM) [97]. The climate warmed steadily until the Early Eocene
Climatic Optimum (EECO) ~53.5 Ma when temperatures and greenhouse gas con-
centrations peaked at their maxima for ~1.5 myr [98]. These two major events are
followed by several abrupt and short hyperthermal events including H2 (53.6 Ma),
I1 (53.3 Ma), I2 (53.2 Ma) and ETM-3 (52.8 Ma) [98]. A major negative δ13Corg

excursion marks each of these hyperthermal events (Fig. 4)
The most recognizable amongst these warming events is the Paleocene-Eocene

Thermal Maximum (PETM), which was first recognized [99] in the Ocean Drilling
Program (ODP) site 690B cores, and associated with a temperature rise of 5–9 °C
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Fig. 4 Position of main Paleogene climatic events against the generalized oxygen and carbon
isotope curves for the Paleogene [11]

over about 10,000 years (Fig. 4). Subsequently, this thermal maximumwas shown to
gradually decrease to pre-excursion δ13Corg values over about 150,000–220,000 years
[45]. The PETM is characterized by a decline in oxygen isotope ratios indicating
warming of 3–4 °C of surface water and 6 °C in deep water. This increase in temper-
ature is associated by a negative shift in carbon isotope of nearly−2‰ for the benthic
foraminifera and −4‰ for planktic foraminifera. The PETM events, led to major
species extinctions in deepmarine benthic foraminifera [100–102] but diversification
in planktic foraminifera with subtropical affinities [103–105]. Mineralogically, the
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PETM is marked by increased detrital input and kaolinite contents due to intense
on-land weathering during the hot humid climate [106, 107]. In the terrestrial realm,
it led to the diversification of modern mammal species and their migration across
the northern continents [108–110] many of which immigrated to the North Ameri-
can continent during the greenhouse warming [110]. Moreover, [111] hypothesized
that the temperature and precipitation changes associated with the PETM stimulated
rapid shifts in plant community composition.

The PETM is marked by a large negative carbon isotope excursion (CIE) in
terrestrial and marine carbonates and organic matter [99, 112, 113, 110], reflecting
a rapid release of 13C-depleted carbon into the ocean-atmosphere system due to
injection of huge amount of CO2 into the atmosphere estimated to reach about 2000–
2600 Gt over 10 ka [96]. There are many potential sources of CO2 during the PETM
and many scenarios have been proposed to explain the injection of high amounts of
CO2 [96] in both marine and atmospheric ecosystems leading subsequently to the
perturbation of the carbon cycle from the latest of Paleocene into the earliest Eocene.
More than twenty-five years and hundreds of studies of both surface and subsurface
sections covering the PETM interval yielded five main hypotheses were summarized
[114].
Wildfires: Burning of the extensive peat and coal deposited during the Paleocene
(δ13C of ~−22‰) could have resulted from increasing atmosphericO2, dryer climate,
and/or uplift of coal basins [42]. However, no increase in combustion byproducts was
observed in cores from neither the Atlantic nor Pacific [115].
Thermogenic methane: Injection of magma into organic-rich sediments could
have caused the explosive release of thermogenic methane (δ13C of ∼−30‰) from
Cretaceous-Paleocene mudstones in the North Atlantic [43, 44, 116, 45].
Drying epicontinental seas: Tectonically driven isolation of an epicontinental sea-
way could have led to rapid (<20 ka) desiccation and oxidation of organic matter
(δ13C of∼−22‰) [46]. However, shallow seaways of the Paleocene-Eocene covered
vast areas of central Asia, and none are known to have dried up coincident with the
PETM [117]
Permafrost: During the Paleogene, Antarctica did not support a large ice cap and
may have stored huge quantities of carbon as permafrost and peat that could have
been rapidly defrosted and oxidized, releasing carbon (δ13C of ∼−30‰) [47].
Catastrophic methane release: the most recognized scenario explaining the PETM
event is the catastrophic methane release from hydrates (clathrates) [48, 49].

This scenario invokes methane released from the continental margin that could
have led to carbon dioxide input estimated at 2000 × 109 metric tons over
10,000 years [118], which was suggested as potentially the main cause for the PETM
[119, 120]. Clathrates are stable in deep-sea sediments but can be destabilized by
increasing temperature caused by changes in ocean circulation [48, 121] by decreas-
ing pressure resulting from slope failure [97] or sea level changes. The clathrate
release could also result from late Paleocene volcanic activities linked to the opening
of the North Atlantic Ocean [122, 9].Whatever the source of CO2 released during the
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PETM, global temperature increased about 5–9 °C during a period of about 200 ka
[123–125].

The termination of the PETM was a response to an increase in the intensity of
the marine biological pump (productivity feedback) resulting in the drawdown of
atmospheric CO2 and subsequent carbon sequestration in the ocean [126, 127]. The
export production did not facilitate the rapid removal of excess carbon from the
atmosphere [127]. Thus, the most likely mechanism for atmospheric CO2 removal
appears to be increased silicate weathering, which occurred at much faster rates than
previously assumed [128, 129].

The PETM is the best analog resemblances to the human-caused climate change
unfolding today. Most notably, the culprit behind the PETM was a massive injection
of heat-trappinggreenhouse gases into the atmosphere andoceans, comparable in vol-
ume to today’s persistent burning of fossil fuels. Knowledge causes and mechanisms
of the PETM could help us foresee climate warming in our near future and design
possible ways to mitigate its potentially adverse impact. The PETM is believed to
have been caused by greenhouse gas emissions, similarly to today’s anthropogenic
warming and therefore can serve as analog to the actual warming. However, the
current warming is estimated to be 10 times faster than the PETM.

6 Paleocene-Eocene Thermal Maximum in Egypt

Throughout the geologic history of Egypt affected by the global climatic changes and
subjected to several hyperthermal events, especially during Paleocene and Eocene.
The trend of the carbon isotope shift that represents the global carbon cycle per-
turbation and consequently the climatic change is identical to those obtained from
several places in Egypt such as Red Sea (El-Beida section) (Fig. 5). Amongst the
hyperthermal recorded in the Egyptian section, wewill discuss the Paleocene Eocene
Thermal Maximum event in its type locality.

In 2003 the International Commission for Stratigraphy (ICS) designated the
Dababiya Quarry in southern Egypt (Dababiya village, Luxor) as the Global Strati-
graphicSection andPoint (GSSP) for thePaleocene-Eocene (PE)boundary asmarked
by the PETMevent. The PEboundary is placed in the basal part of theEsna Formation
[130, 131].

Based on the following criteria: (1) the negative organic carbon isotope excursion
(CIE), (2) the extinction of deep water benthic foraminifera (Stensioina beccari-
iformis), (3) the transient occurrence of planktonic foraminifera (Acarinina africana,
A. sibaiyaensis, Morozovella allisonensis) during the δ13C excursion, (4) the tran-
sient occurrence of the Rhomboaster spp.—Discoaster araneus (RD) nanofossils
assemblage, and (5) an acme of the dinoflagellate Apectodiniu.

Based on these criteria the Dababiya section was considered as one of the most
complete and expanded Upper Paleocene to Lower Eocene sequences and represen-
tative of this boundary event globally [130, 131]. The age estimate of the CIE onset
has been recently determined to be 56.011 Ma using radiometric data obtained from
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Fig. 5 Global correlation between El-Beida section δ13Corg record and the international standard
curve of [116] with major LIPs occurred during the time interval from the upper cretaceous to early
Eocene (Khozyem et al., in prep)

a marine ash layer [116], whereas dating based on the zircon crystals collected in a
bentonite located in the upper part of the CIE gave age of 56.09 ± 0.03 Ma [132].
Astronomically calibrated cyclostratigraphy timescale indicates a duration of 150–
220 ka for the CIE [133, 134], whereas calculations based on the extra-terrestrial
3He fluxes suggest a duration between 120 and 220 ka [135].

The time interval between the pre-CIE δ13C value and the CIE-minimum has been
estimated to be 10–25 ka [136, 137, 138, 118] the accuracy of this determination
depends on the presence of the uppermost Paleocene dissolution levels. TheDababiya
GSSP (Luxor, Egypt; Fig. 6) provides important clues to understand the warming
mechanism before, during, and after the PETM events. Before the PETM event
(topmost Paleocene), gradual decreases in δ13CCarb and δ13Corg are linked to gradual
warming (Fig. 7), whichmay have resulted from the late Paleocene volcanism (North
Atlantic magmatic province).

This warming reaches its maximum (at the P/E boundary) leading to the abrupt
melting of the methane hydrates stored on the continental shelf. Released methane
hydrate is associated with some specific criteria such as (1) Ocean acidification
as observed by dissolution of carbonate minerals in Dababiya and elsewhere, (2)
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Fig. 6 Location map and field photograph of Dababiya GSSP, Loxur, Egypt. Modified after [136]

Fig. 7 δ13CCarb, δ13Corg, and δ15N patterns in front of the Dababiya GSSP illustration. Note the
gradual decrease in carbon isotopic compositions and the abrupt shift in δ15N. Modified after [138]
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anoxic condition that could be linked to oxygen exhalation due to partial oxidation
of methane, this anoxia is marked in Dababiya by a negative Ce-anomaly and the
precipitation of individual euhedral pyrite crystals within the sediments, and (3)
methane oxidation to CO2 at the water/atmosphere interface.

The excess of CO2 in the atmosphere is acting as greenhouse gases and increases
the weathering of silicate rocks. This period of increased weathering is observed
at the Dababiya GSSP 60 cm above the P/E boundary and is characterized by high
phyllosilicate contents including kaolinite, high CIA and CIW, high Ti, Cr and K
input, δ13CCarb minimum value (Fig. 8). The top of that interval is characterized by
anoxic conditions marked by (1) a negative Ce-anomaly, (2) enrichment of redox-
sensitive trace elements and their ratios (V, U, V/Cr, Ni/Co, V/V+Ni), (3) abundant
pyrite framboids (>2 μm in diameter), which indicate anoxic conditions within the
water column, (4) increased productivity sensitive trace elements (Pb, Zn, Cu, Co
and Mo) that could only be enriched under anoxic conditions associated with high
organic matter accumulation leading to the development of anoxic conditions, (5) a
strong and persistent decrease in δ15Norg reflecting significant bacterial activity such
as sulfur reducing and cyanobacteria activities as indicated by low N isotope and the
presence of EPS-like structures within the PETM interval; and (6) δ13Corg minimum
recorded value.

The PETM recovery phase starts at the top of the interval marked by intense
weathering (top of the upper anoxic level). The high nutrients input delivered into
the ocean reactivates the biological pump leading to the re-establishment of more

Fig. 8 CIA and CIW curve indicates the intensive weathering during the PETM, Ce- anomaly and
the redox parameters showing the different anoxic intervals recorded at the Dababiya GSSP, and
phosphorus as an indicator of Paleoproductivity at the recovery interval. The SEM pictures show
the observed features during the anoxic interval of the PETM in Dababiya GSSP. Modified after
[138]
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oxic and suitable conditions as indicated by the increase of productivity indicators
such as Ba, P and both δ13CCarb and δ13Corg, which gradually return to the background
values observed below the PETM interval.

The PETM at Dababiya GSSP can be therefore divided into four main phases
(Fig. 9): (1) pre-PETM gradual warming during the latest Paleocene), (2) PETM
main phase with methane hydrate release, (3) environmental response (weathering
and anoxia), and (4) finally, recovery phase.

7 Anthropocene Warming

In 2016, both Anthropocene Working Group (AWG) of the Subcommission on Qua-
ternary Stratigraphy (SQS) of the International Commission on Stratigraphy (ICS),
defined the Anthropocene as the period of the commencement of significant human
impact on the Earth’s geology and ecosystems [139–142]. Human activity has had
dramatic impacts on landscape, the subsurface and Earth systems, and driving sig-
nificant atmospheric, chemical, physical and biological changes. The Anthropocene
climatic changes are determined to start from the beginning of the Agricultural Rev-
olution 12,000–15,000 years ago. The ratification process continues, and thus a date
remains to be decided definitively. Themost notable environmental change occurring
on earth has a direct link with the beginning of the industrial revolution. Whereas
some recent studies linked the beginning of the Anthropocene era to begin approxi-
mately 8000 years ago with the development of agriculture and beginning of stable
humans societies. It started when the ancient farmers cleared forests to grow crops
[143, 144].

The main factor forcing the Anthropocene climate change is increasing the green-
house gaseous due to the burning of fossil fuel. The burning of fossil fuel due to the
increased human activities push the atmospheric carbon dioxide (CO2) content to
higher levels. In 2013, the CO2 emissions increased atmospheric CO2 concentration
by 100 ppm to reach approximately 400 ppm from 280 ppm that recorded from
Holocene or pre-industrial [145], these values continue increasing through 2015–
2016 [146] showing a rising trend above 400 ppm. This significant increases in CO2

has a strong impact on the Earth’s climate system it is occurring much faster, with
a greater extent, than any recorded warming events during the geologic history of
the earth [147]. Most of this increase is due to the combustion of fossil fuels such
as coal, oil, and gas, although smaller fractions result from cement production and
from land-use changes (such as deforestation).

Geologically, this climate warming is commonly compared with the rapid short-
term ~5 °Cwarming of the PETM except that during the PETMmajor diversification
in marine and terrestrial life and significant species extinctions occurred only in
deep-water benthic foraminifera [148]. Therefor to get a better understanding of
the Anthropocene climatic changes we have to compare it with the different rapid
warming and mass extinction events such as Cretaceous-Paleogene mass extinction
as well as the Paleocene Eocene climatic optimum to gain insights into potential
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Fig. 9 Block diagrams representing the four phases of the PETMevent: Phase 1—gradual warming
during late Paleocene, Phase 2—PEB interval, Phase 3—intensive silicate weathering phase, and
phase 4—marine recovery and drawdown of atmospheric CO2. Note that this scenario is partly
based on [122, 138]
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Fig. 10 Comparison between the PETM and the current warming that reflect the importance of the
PETM study, and how it can help to understand the future climatic changes and the effect of the
temperature increase on various environments

Anthropocene scenarios (causes and consequences. The PETM extreme warming
is a commonly used analog and predicted best-case scenario for the current rapid
climatewarming in the coming decades and centuries.We summarize the comparison
between the PETM and the anthropogenic climate changes in Fig. 10.

8 Conclusion

Study of the different impacts of the climatic changes occurred in the Earth’s geologic
history can give a clue to predict the consequence of the current warming. The
natural warming events took several hundreds of kilo years led to increase the earth
temperatures by a few degrees, whereas the human impact accelerates the process
by around 250 times. Therefor the human activities should be controlled by lows to
stop and/or decrease the emission of the greenhouse gases to slow there steps toward
the sex mass extinction event.
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Governance and Institutional Structure
of Climate Change in Egypt

Mohamed A. S. Abdel Monem and Phoebe Lewis

Abstract A cross-cutting issue like climate change, cannot be managed by one gov-
ernment department or single ministry. Assessing of the impact of climate change
and effectively integrating adaptation and mitigation measures has to involve almost
every sector in government with their administrative system mainstreaming climate
change into their strategies and development policies and plans. Successful climate
change governance systems should ensure the implementation of climate policy inte-
gration at the national level. All Egypt’s economic sectors are linked in one way or
another with climate change because they emit greenhouse gas (GHG) emissions
or are themselves impacted by climate change. Notable industries include energy,
transport, urban communities, water, agriculture, health and tourism. Environmental
governance of these sectors started with the establishment of The Egyptian Environ-
mental Affairs Agency (EEAA) in 1982 as the highest national authority in the coun-
try responsible for promoting and coordinating all efforts related to environmental
protection. Achievements have been made at the strategic level with the engagement
of relevant stakeholders to develop: (1) the National Environmental Action Plan
of Egypt 2002–2017, (2) several rounds of Egypt’s National Communication on
Climate Change, (3) Intended Nationally Determined Contributions (INDC) to the
Paris Agreement, (4) Egypt’s National Strategy for Adaptation to Climate Change
and Disaster Risk Reduction, (5) the country’s National Energy Efficiency Strategy.
Each of these developments has contributed to the mainstreaming of climate change
in Egypt’s institutional structures. However, while a framework for climate change
adaptation exists in Egypt, local level policies and actions need to be strengthened
to ensure effective implementation of adaptation and mitigation effects. There is
also a need to formulate integrated climate change strategies, to enable access to
climate finance mechanisms, and to develop and strengthen the policies, institutions,
capacities, knowledge and transformative change required to build climate-resilient
communities. The existing role of public and local civic institutions needs emphasis,
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and new incentives are needed to promote the involvement of private organizations
and institutions in facilitating climate change adaptation.

Keywords Capacity building · Civil society organizations · Legislation · Private
sector

Acronyms

ACMEN African Ministerial Conference on the Environment
AGN Africa Group of Negotiators
AREI Africa Renewable Energy Initiative
CAHOSCC Committee of the African Heads of State and Government on Climate

Change
CPI Climate Policy Integration
CTRC Carbon Trading Regulatory Commission
EEAA Egyptian Environmental Affairs Agency
ETC Egyptian Electricity Transmission Company
FEI Federation of the Egyptian Industry
FiT Feed-in Tariff
GHG Greenhouse Gas
NGOs Non-Governmental Organizations
PPA Power Purchase Agreement
UNFCCC United Nations Framework Convention on Climate Change

1 Introduction

Despite the growing body of literature dedicated to understanding adaptation,
resilience and vulnerability to climate change at multiple scales, as well as the efforts
of different development agencies within the donor community, there is still marked
lack of support for developing the institutional capacity and the correspondingmech-
anisms necessary to address climate variation at the local level [1]. A cross-cutting
issue like climate change, cannot be managed by one government department or sin-
gle ministry. Assessing of the impact of climate change and effectively integrating
adaptation andmitigation measures has to involve almost every sector in government
with their administrative system mainstreaming climate change into their strategies
and development policies and plans. Policy makers need to consider the governance
of climate change as a complex, multi-actor process that is deeply embedded in local
realities.
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Mainstreaming climate change into policy decisions requires the consideration of
climate change causes and consequences into non-climate sectors [2]. More specifi-
cally, climate policy integration (CPI) should incorporate the aims of climate change
mitigation and adaptation into all the stages of policymaking in other policy sectors
[3]. It should also be complemented by an attempt to aggregate the expected con-
sequences mitigation and adaptation activities into an overall policy evaluation, and
minimize contradictions between policies [4]. Integrated strategies are a relatively
novel approach to govern highly complex issues that involve several sectors and
levels of governance [4]. They are a key tool to foster not only sustainable develop-
ment, but also environmental policy integration or ecological modernization. Both
of which are concepts that promote the integration of environmental concerns into
sectors with significant environmental ramifications long before sustainable devel-
opment dominated the environmental discourse [1]. In fact, mainstreaming climate
change helps to position climate-related issues as drivers for development rather than
as an added burden for policy makers.

Successful integration of climate change into policies and institutions centers on
twokey components: horizontal coordination andvertical coordination.These govern
the functional (i.e. who should do what) and procedural (i.e. how mainstreaming
should happen) implications of integration. Horizontal coordination aims to integrate
climate changepolicywithin and across the different departmentswith a keyobjective
of curbing the silo mentality (or departmentalism) that prevails in all institutions [2].
On the other hand, vertical coordination entails the coherent translation of climate
policy design and implementation across the different tiers of government.

This integration applies—albeit in slightly different ways—across the various
types of institutions. Effective local institutions are just as key to society’s ability
to respond to the impacts of climate change as larger ones. The role of the local
institutions in shaping climate change adaptation measures and its outcomes is an
essential governance mechanism. They are crucial as mediating bodies that connect
households to local resources and link local populations to national policies and inter-
ventions [5]. This importance is often overlooked. For instance, in Egypt, despite a
stated commitment to grassroots involvement in climate change adaptation processes
and actions, the actual focus in national adaptation plans is on technical and infras-
tructure options for adaptation, with little attention given to social and institutional
context in which these options operate [6]. Future national-level efforts to develop
adaptation plans need to consider the role of local institutions more centrally if they
seek to serve the needs and interests of the most vulnerable populations better.

2 Environmental Governance in Egypt

The Egyptian Environmental Affairs Agency (EEAA) was established 1982 as the
highest national authority in Egypt responsible for promoting and coordinating all
efforts related to environmental protection. The EEAA has the responsibility of
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implementing national environmental policies and setting up environmental stan-
dards for cases of conflicting interests. It has been highly instrumental in developing
national capacity at the technical and institutional levels in the climate change related
areas. The EEAA signed a protocol with the Federation of the Egyptian Industry
(FEI) to promote cooperation on environmental protection in Egypt. The EEAA also
ensures that the correct legislation related to the environment are in place as well as
introducing amendments in the environmental law when needed. In addition to the
EEAA, several other organizations are engaged in enhancing the national capacity
to deal with the climate change challenges. These include environmental organi-
zations, energy-related organizations, research centers, universities, governmental
organizations, nongovernmental organizations, labor unions and political parties.

At the same time, the Ministry of Environment scaled up its “Climate Change
Unit” to strengthen the climate change institutional framework at the national level
and in so doing made it a “Central Department” in the Egyptian Environmental
Affairs Agency in 2009.

Furthermore, efforts have been made at the sectoral level to strengthen the institu-
tional framework of climate change. Two committees for climate change have been
established in the Ministry of Agriculture and Land Reclamation and Ministry of
WaterResources and Irrigation.Also, a “climate change information centre” has been
initiated for the agriculture sector. Finally, climate change adaptation programme has
been mainstreamed in the Agriculture Sustainable Development Strategy up to 2030.

The government’s achievements have been made at the strategic level with the
engagement of relevant stakeholders to develop:

• The National Environmental Action Plan of Egypt 2002/2017;
• First, second, and third Egypt’s National Communication on Climate Change;
• Intended Nationally Determined Contributions (INDC);
• Egypt’s National Strategy for Adaptation to Climate Change and Disaster Risk
Reduction;

• National Energy Efficiency Strategy;
• National Strategy for Solid Waste Management.

In addition to the EEAA, several institutions played a leading role in integrating
climate change policies in the national development plans and strategies agendas in
Egypt. These institutions include:

• Energy-related organizations, such as the Organization for Energy Planning;
• The Egyptian Electricity Authority, the New and Renewable Energy Authority;
• Research Centres: such as the Agriculture Research Centre, and the National
Research Centre;

• Universities: such as Cairo University, Alexandria University, Assiut University,
Ain Shams University, Zagazig University, and other institutes of environmental
studies;

• Governmental organizations and national laboratories, such as the General Orga-
nization for Industrialization, the Central Laboratory for Agriculture Climate, and
the General Organization for Sanitary Drainage;
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• Non-Governmental Organizations: It has been estimated that, in Egypt, there are
more than 200 NGOs that work in environmental protection in general, some of
them focus on climate change issues.

3 Environmental Policies and Legislation in Egypt

All Egypt’s economic sectors are linked in one way or another with climate change
because they emit greenhouse gas (GHG) emissions or are themselves impacted
by climate change. Notable industries include energy, transport, urban communi-
ties, water, agriculture, health and tourism. Integration of the environmental policies
to include the concerns of different sectors is a major challenge in the country. In
response to this challenge, Egypt has paid much attention to environmental legis-
lation. Examples of the most important laws include Law No. 48 of 1982 (better
known as the Nile Protection Law) and Law No. 4 of 1994, which was amended
in 1999 to include 104 articles regulating the various means of environmental work
in different sectors. The latest amendments to the Egyptian constitution, passed in
2011, included the addition of Article 59, which states that environmental protection
is a national duty and that the measures necessary to protect the environment shall
be governed by law.

• Law 4/1994 is considered the first environmental protection law that describes
the mandate of the Ministry of Environment and the Egyptian Environmental
Affairs Agency (EEAA). The law concentrates on: Developing and following up
on policies, plans and standards for environmental protection;

• Running pilot projects and promoting economic incentives, which respectively
demonstrate and facilitate improved environmental performance;

• Conducting studies, monitoring, and supporting other bodies in their environmen-
tal monitoring duties;

• Preparing an environmental contingency plan for confronting environmental dis-
asters and implementing a national system of Environmental Impact Assessment;

• Establishing natural protectorates, and managing bio-diversity within and outside
these areas;

• Coordinating and following up on international environmental relations and
obligations, preparing programs for environmental education.

The EEAA also introduced amendments to be included in a new environmental
Law9/2009 that addressmain gaps and challenges thatwere identified inLaw4/1994.

Moreover, the Prime Minister renewed the “National Committee for Climate
Change” (established in 1997) by his Decree No. 272 in 2007. It is the Minister
of Environment that heads the new Inter-Ministerial National Committee for Cli-
mate Change. The members represent a wide range of governmental, experts and
non-governmental stakeholders, demonstrating a movement more towards improved
integration. Furthermore, theMinistry ofEnvironment scaledup the “ClimateChange
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Unit” to strengthen its climate change institutional framework on the national level,
to be a Central Department in Egyptian Environmental Affairs Agency in 2009.
Meanwhile, on the sectoral level, attempts to strengthen the institutional framework
led to establishing two committees in Ministry of Agriculture and Land Reclamation
and Ministry of Water Resources and Irrigation, in addition to establishing a climate
change information centre for the agriculture sector, and conducting an adaptation
program in Agriculture Sustainable.

Development Strategy up to 2030. The Committee was established to:

• Coordinate on a national level, regarding the participation of Egypt in the
Framework-Convention for Climate Change;

• Develop an overall picture of the Egyptian policies and strategies for dealing with
the issue of climate change;

• Review the National Action Plan for Climate Change;
• Follow up on the implementation of the Framework Convention for Climate
Change.

Through this, a number of policies and measures have been implemented to
decrease theGHGemissions and enhance the generation anduse of renewable energy.
We will now provide some examples of these. First, according to the decision of the
Cabinet of Ministers in Egypt, the Ministry of Transport adopted a strategy that
includes improving public transport, energy efficiency, and fuel switching. It also
supports the development and use of new propulsion technologies and new meth-
ods for freight transport, including shifting from diesel to electrified railways and
developing and using fuel cells technology.

Second, in October 2007, the Supreme Council for Energy adopted a strategy for
energy supply and used, integrating the main policies and measures that could meet
the longer-term challenges facing the national energy industry. Themain barriers that
currently prevent the industrial sector from achieving full energy conservation and
considerable GHG emissions reduction include a lack of information related to GHG
emission reduction opportunities in the sector in addition to financial barriers such
as the lack of access to investment capital and or high-interest rate on investments.

Third, the Egypt Renewable Energy Law (Decree No. 203/2014) aims to encour-
age the private sector to produce electricity from renewable energy sources. The
law provides several options for support to renewable energy projects and allows a
gradual shift away from state-administered projects to privately financed projects.
The key project structures envisaged are (Art. 2):

• Projectswhich are tendered and operated byNewandRenewableEnergyAuthority
(established in 1986);

• Projects which are tendered by the (state-owned) Egyptian Electricity Transmis-
sion Company (ETC) on a Build-Own-Operate basis, where the private investor
enters into a long-term Power Purchase Agreement (PPA) with ETC.

Fourth, a series of projects have been established by private investors who sell
the electricity generated by those projects to ETC on the basis of the feed-in tariff
(FiT) enacted by Decree 1947/2014. The tariff provides 25 years guarantees for solar
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projects and 20 years for wind. These FiTs differentiate between project types and
sizes. For solar projects, the FiT varies between USD 0.136 and USD 0.1434 for
projects of 500 kW–20MW and 20–50MW, respectively. For wind projects, the FiT
varies between USD 0.0957 and USD 0.1148 during the first five years of operation
and then between USD 0.0460 and USD 0.1148 for the remaining 15 [7].

Another development in the private sector is commencement of public–private
partnership (PPAs) with mostly large consumers who are being granted access to the
grid. For example, the Presidential Decree No. 17/2015 (which amended Investment
Law No. 8/1997) focuses on attracting energy investments in Egypt. This includes
renewable energy, which is important since Egypt aims to produce 20% of electricity
from renewable sources by 2020. The government is doing this by providing tax
incentives through the Decree [7]. These include (1) reducing sales tax from 10 to
5%, and (2) setting low customs duties (around 2%) on equipment used for energy
production. Additional non-tax incentives offered to energy producers include (1)
refunding the expenses paid to extend infrastructure facilities to the project’s land
(e.g. grid connection), (2) subsidising training programs and social insurance for
employees and (3) allocating government-owned land at discounted prices or free of
charge [7].

In addition to these incentives, Egypt has made an important step towards achiev-
ing sustainable development by developing the “Sustainable Development Strategy:
Egypt’s Vision 2030” that serves as a roadmap for the country to achieve its desired
sustainable development goals during the next 13 years. This strategy promotes the
optimum use of available resources, enhancement of Egypt’s competitiveness and
revival of its historic leading role in the region. Moreover, such a strategy aims to
fulfil the aspirations of the Egyptian people regarding their right to a decent standard
of living. The goals outlined in the strategy are in line with the globally sustainable
development goals (SDGs).

Finally, Egypt developed the “Egypt’sNational Strategy forAdaptation toClimate
Change and Disaster Risk Reduction” in 2011. The objective of the strategy is to
increase the resilience of Egyptian communities and build their capacity to address
the risks and disasters resulting from climate change and its impact on various sectors
and activities. These are notable steps, but to achieve the strategy, some important
elements need to be present, including the political will to enforce, the provision of
human, financial and natural resources, the reform and amendments of institutional
frameworks, the amendment of legislation and laws, and lastly the strengthening of
the national system of information dissemination.

4 Role of Civil Society Organizations and Private Sector

Egypt’s National Strategy for Adaptation to Climate Change and Disaster Risk
Reduction that was issued in 2011 emphasises the role of civil society organizations
and community participation in developing, managing, monitoring, and evaluating
climate change adaptation programmes and projects in close contact with the local
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communities focusing on the vulnerable groups. The strategy also highlighted, as an
example, the significant role that “water users associations” can play in enhancing
the sustainable use of water resources through awareness raising programmes and
conveying the messages of water-saving techniques to the local communities.

The Third Communication of Egypt [8] highlighted the active role of non-
governmental organizations (NGOs) in Egypt in formulating and implementing
environmental conservation efforts. The Government of Egypt facilitates the grow-
ing responsibilities of the private sector through increasing the scope of incentives
aimed at responding to investors’ needs for being fully integrated into the Egyptian
economy.

Labor unions and political parties are vital in facilitating better environmental
management due, in part, to their experience in addressing industrial change, in
protecting the workplace and related natural environments, and in promoting socially
responsible economic development. The Egyptian Environmental Affairs Agency
(EEAA) also encourages the efforts of the private sector to use cleaner technologies
through environmentally-friendly industrial zones and processes aiming at increasing
the efficiency of resource use, including reuse, recovery and recycling in order to
reduce the amount of waste generated from production activities.

The private sector still faced administrative challenges in achieving their role in
enhancing the environmental dimension of the development. However, the EEAA
signed a protocol with the Federation of the Egyptian Industry (FEI) to promote
cooperation for environmental protection in Egypt. Labour unions and political par-
ties are vital in facilitating better environmental management due, in part, to their
experience in addressing industrial change, and in promoting socially responsible
economic development.

As part of this movement to implement industrial change, Egypt ratified the Kyoto
Protocol on 12th January 2005, an act that when then followed by the establishment
of the Egyptian Designated National Authority for Clean Development Mechanism
“DNA-CDM”. Investment costs of USD 1243 million were initially approved for 55
projects in 2009. These projects aimed to reduce GHG emissions by almost 8.3 mil-
lion tons of CO2-equivalent. They included a reduction of nitrous oxide emission
from the fertilizer industry, renewable energy, fuel switching, methane capture and
flaring from waste, and energy efficiency improvement.

5 Gender Mainstreaming in the Climate Change Policies
in Egypt

Women are likely to be most negatively affected by climate change. This is due
to a number of factors, including the roles women perform, their detachment from
resources, and inability to access institutional power. To date, many efforts to main-
stream gender have too often been confined to simplistic, ad-hoc and short-term
technical interventions that have failed to challenge inequitable power structures and,
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therefore, also failed to ensure optimal implementation. Gender disparities remain
among the deepest and most pervasive of all inequalities and hinder the best of
development efforts profoundly [9].

Since climate change affects women and men differently, a gender perspective is
essential to the formulation of effective policy development around mitigation and
adaptation. TheEgyptian government is aware of this angle and see options to address
the challenge through, for example, the role of women in producers’ organizations
and cooperatives. This alignment is in fact necessary given that the Article 40 of the
Egyptian Constitution mandates the equal rights of all citizens.

National Strategy for Mainstreaming Gender in Climate Change in Egypt was
developed as a result of a partnership between different civil society organizations,
key national institutions as well as regional and international agencies. The strat-
egy acknowledges the need to bring the diverse roles, needs and contributions of
women and men to the fore in the sustainable development agenda. Rather than
merely adding women’s participation onto existing strategies and programmes post
facto, it aims to mainstream gender goals in order to transform unequal social and
institutional structures by recognizing the promotion of gender equality as a central
driving principle. The strategy is the result of a series of inputs, including interviews
with policymakers, stakeholder consultations, research, and a stakeholder workshop.
It was drafted on the basis on an analysis of the current national priorities concerning
climate change that prioritized topics of key importance, whichwerewater resources,
agriculture and coastal zones [10].

Furthermore, gender was not considered in either the Initial National Commu-
nication (INC) or the Second National Communication (SNC) produced by the
Government of Egypt for the United Nations Framework Convention on Climate
Change (UNFCCC). The EEAA is, however, planning to include gender as a cross-
cutting theme in the Third National Communication (TNC). In particular, the TNC
recommended:

• The inclusion of gender perspectives into disaster reduction efforts at the local,
regional and national levels, including in policies, strategies, action plans, and
programmes. Aswell as, increase their participation and representation at all levels
of the decision-making process;

• The analysis of climate change data such as drought, floods, or desertification from
a gender-sensitive perspective, including the traditional knowledge and perspec-
tives of women in the analysis and evaluation of the characteristics of key disaster
risks;

• The assurance that women can be visible agents of change at all levels of dis-
aster preparedness, including early warning systems, education, communication,
information and advocacy;

• The building of the capacity of national and local women’s groups and provide
them with a platform to be heard;

• The inclusion of gender-specific indicators tomonitor and track progress on gender
equality targets.



54 M. A. S. Abdel Monem and P. Lewis

6 Engagement in Regional and Global Climate Change
Governance

At the regional level, Egypt has played a vital role in enhancing the climate change
policies and strategies in Africa through its role as president of the African Ministe-
rial Conference on the Environment (AMCEN) and Coordinator of the Committee
of the African Heads of State and Government on Climate Change (CAHOSCC)
for the period 2015 to 2017. The AMCEN presidency works very closely with the
Africa Group of Negotiators (AGN), the African ministers, and the AMCEN bureau
members to emphasize the African priorities during the global negotiations for the
COP21 meetings in Paris. Efforts have been made by Egypt as president of AMCEN
to maintain African unity and defend African interests.

Furthermore,AMCENpresidency spearheaded the development andpromotion of
theAfricaRenewable Energy Initiative (AREI) that aims to scale of renewable energy
deployment on the African continent as well as the promotion of the Africa Adap-
tation Initiative (AAI) that is considered a major initiative in mobilizing the needed
support to significantly scale up adaptation actions in Africa. At the global level,
Egypt ratified the UNFCCC in 1994 and the Kyoto Protocol in 2005. It submitted
its First UNFCCC National Communication in July 1999 and the Second UNFCCC
National Communication in June 2010 as well as signing the Paris Agreement in
April 2016 [11].

7 Challenges Facing Climate Change Governance in Egypt

The most significant constraint to effective environmental policy making and imple-
mentation in Egypt is the lack of reliable and timely information indicating how vari-
ous sectors of society impact the environment and whether development is becoming
more sustainable or not. Various constraints related to the processes of environmen-
tal information collection, production and dissemination are evident in Egypt. These
include uncoordinated institutional set-ups for monitoring activities, the absence of a
common information system for monitoring organizations to feed data and findings
into, the absence of comprehensive systematic methodologies for monitoring, the
absence of valuation, and/or the undervaluation, of many natural resources, and the
lack of financial resources for maintaining monitoring processes.

The coordination required to reach comprehensive and integrated environmen-
tal activities is significant because of the cross-sectoral nature of environmental
issues. Although EEAA has the primary responsibility for coordination, numerous
other entities are partners in environmental policies, playing roles in implementation
and/ormonitoring. In this respect, theAgency has to empower the already established
inter-ministerial committees on each of the major relevant crosscutting environmen-
tal issues, such as water, energy, and climate change in order to coordinate between
multiple competent authorities for the different specific environmental processes of
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concern. Inadequate capacity (technical, financial and institutional) remains one of
the significant challenges affecting climate change adaptation in Egypt. Strengthen-
ing the capacity of major sectors aids government, local, and research sectors to fulfil
its mandate to address climate change is very essential.

Third Egypt’s National Communication on Climate Change [8] identified some
critical policy and institutional issues that should be addressed to effectively formu-
late and implement related interventions for mitigating the impacts of climate change
and variability. Policy and institutional reforms should strive to:

• Coordinate and harmonize climate change policies across several sectors.
• Embrace participatory management that gives more responsibility to users.
• Equitably share water resources and improve trans-boundary water management.
• Improve efficiency and sustainability of climate change interventions by building
the capacity of various stakeholders.

• Enhance adaptively and applied research and information sharing to enhance
efficient uses of resources and climate change adaptation.

• Promote public–private partnerships and increase investment in climate change
and adaptation to climate change.

8 Recommendations for Institutional Strengthening

Egypt’s Third National Communication on Climate Change [8] suggested clearly
defined recommendations for both short and long-term institutional reforms to
climate change governance in Egypt. The short-term recommendations include:

• The establishment of an Inter-Ministerial National Committee for Climate Change
is to be chaired by H.E. the Prime Minister. Ministry of Environment should hold
the technical secretariat and coordinate all other technical contents for the NCCC;

• The development of clear overall objectives and plans for climate finance in
Egypt by the NCCC/EEAA, including the appointment of responsible managing
agencies;

• The government should entrust the EEAA/Central Department of Climate Change
with greater powers and functions and also improve the existing coordination
mechanism among other governmental funding management agencies;

• The provision of clear arrangements by the Ministry of Finance on the funding
of climate change programmes, including the establishment of designated budget
items and sub-items for climate-related programs to be managed by the Ministry
of Environment/EEAA;

• The establishment of an analysis and reporting mechanism by the NCCC and the
Ministry of Finance for direct climate finance to cover the disbursement use and
effectiveness of funding.

• The incorporation of carbon reduction and adaptation into climate change elements
in the national development strategy and management system for international
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cooperation and use of these elements as a key criterion for project selection in
national and international investments;

• The elevation of climate change collaboration to the level of international relations
strategy to facilitate climate funding into Egypt;

• The awareness raising bygovernment amongbusinesses and local authorities about
the risks and vulnerabilities created by climate change to minimize impacts and
help limit the cost of damages.

On the other hand, long-term recommendations for institutional reforms include:

• The endorsement legislation detailing the responsibilities and status of government
entities involved in organizing and managing climate finance at various ministries;

• The establishment of an international development administration with responsi-
bility for climate-related international cooperation (including finance) also under
the direct supervision of the Ministry of International Cooperation;

• The establishment by the Ministry of Finance of an assessment and monitoring
systems of climate finance and develop guidelines for assessing the performance
of new climate funds;

• The establishment by theMinistry of Finance/Ministry ofEnvironment of aCarbon
Trading Regulatory Commission (CTRC);

• The provision to the EEAA of the full responsibility for the monitoring and man-
agement of a national carbon market, including, but not limited to allocation of
emissions, development of appropriate standards, regulations and laws, establish-
ment of appropriate bodies and mechanisms for the effective functioning of the
market, oversight of development of derivative markets, and provision of guidance
to concerned institutions;

• The development of new and improved climate finance mechanisms to leverage
private sector capital in support of the public climate.

9 Conclusions and Recommendations

While a framework for climate change adaptation exists in Egypt, local level policies
and actions need to be strengthened to ensure effective implementation of adapta-
tion and mitigation effects. There is also a need to formulate integrated climate
change strategies, to enable access to climate finance mechanisms, and to develop
and strengthen the policies, institutions, capacities, knowledge and transformative
change required to build climate-resilient communities. The existing role of public
and local civic institutions needs emphasis, and new incentives are needed to pro-
mote the involvement of private organizations and institutions in facilitating climate
change adaptation. Egypt’s National Strategy for Adaptation to Climate Change and
Disaster Risk Reduction [12] stressed the importance of reforming andmodifying the
institutional frameworks for climate change adaptation in Egypt. Such reformation
would not necessarily entail establishing new institutions, but rather ensuring best
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practices in existing ones. Similarly important is the amendment of the prevailing
legislation to be consistent with adaptation requirements. Egypt’s Third National
Communication on Climate Change [8] provided a clear analysis of not only the
challenges facing the institutional set-up of the climate change management, but
also opportunities for institutional strengthening. These can be harnessed to ensure
the overall enforcement of effective institutional capacity building.

References

1. Osbahr H, Twyman C, Adger WN, Thomas DSG (2008) Effective livelihood adaptation to
climate change disturbance: scale dimensions of practice inMozambique. Geoforum 39:1951–
1964

2. Mickwitz P, Kivimaa P (2007) Evaluating policy integration—the case of policies for
environmentally friendlier technological innovations. Evaluation 13(1):68–86

3. Gamero Rus JM (2011) Climate policy integration: government programmes and strategies in
Spain. https://www.um.edu.mt/__data/assets/pdf_file/0006/137778/gamerorusppt.pdf

4. Persson A (2004) Environmental policy integration: an introduction. Policy integration for
sustainability background paper. Stockholm Environment Institute, Stockholm

5. Rayner J, Howlett M (2009) Introduction: understanding integrated policy strategies and their
evolution. Policy Soc 28(2):99–109

6. Agrawal A (2008) The role of local institutions in adaptation to climate change, May 2008.
https://doi.org/10.1596/28274

7. Grantham Institute (2017) Egypt—Grantham Research Institute on Climate Change and
the Environment. London School of Economics and Political Science. www.lse.ac.uk/
GranthamInstitute/country-profiles/egypt/

8. Egyptian Ministry of Environment (2016) Third National Communication of Egypt under
the United Nations framework convention on climate change. https://unfccc.int/files/national_
reports/non-annex_i_parties/biennial_update_reports/application/pdf/tnc_report.pdf

9. Lewis P, Abdel MonemMA, Impiglia A (2018) Impacts of climate change on farming systems
and livelihoods in the Near East and North Africa—with a special focus on small-scale family
farming. FAO, Cairo, p 92

10. IUCN (2011) The national strategy for mainstreaming gender in climate change in
Egypt. Cairo, Egypt. https://genderandenvironment.org/resource/egypt-national-strategy-for-
mainstreaming-gender-in-climate-change-in-egypt/

11. Egyptian Ministry of Environment (2010) Second National Communication of Egypt under
the United Nations framework convention on climate change. https://unfccc.int/resource/docs/
natc/egync2.pdf

12. Egypt National Strategy for Adaptation to Climate Change and Disaster Risk Reduction (2011)
Cairo, Egypt. https://www.climasouth.eu/docs/Adaptation011%20StrategyEgypt.pdf

https://www.um.edu.mt/__data/assets/pdf_file/0006/137778/gamerorusppt.pdf
https://doi.org/10.1596/28274
http://www.lse.ac.uk/GranthamInstitute/country-profiles/egypt/
https://unfccc.int/files/national_reports/non-annex_i_parties/biennial_update_reports/application/pdf/tnc_report.pdf
https://genderandenvironment.org/resource/egypt-national-strategy-for-mainstreaming-gender-in-climate-change-in-egypt/
https://unfccc.int/resource/docs/natc/egync2.pdf
https://www.climasouth.eu/docs/Adaptation011%20StrategyEgypt.pdf


Role of Science, Technology
and Innovation in Addressing Climate
Change Challenges in Egypt

Mohamed A. S. Abdel Monem and Ismail A. El Ghandour

Abstract Science has been approaching atmosphere, change in global temperature,
oceans and seas for a long time; however as the climate change becoming a seri-
ous man made environmental challenge with its serious impact on livelihood, the
role of science and new innovations and technologies became even more important
than ever. The Intergovernmental Panel on Climate Change (IPCC) is a scientific
body for the assessment of climate change, established to provide the world with
a clear scientific view on the current state of climate change and its potential envi-
ronmental and socio-economic consequences. The IPCC reviews and assesses the
most recent scientific, technical and socio-economic information produced world-
wide relevant to the understanding of climate change. Thousands of scientists from
all over the world contribute to the work of the IPCC on a voluntary basis. It has
been well established scientifically that The Near East and North Africa (NENA)
region is one of the most vulnerable regions to climatic change. The ‘Regional Ini-
tiative for the Assessment of the Impact of Climate Change on Water Resources
and Socio-Economic Vulnerability in the Arab Region’ RICCAR was initiated for
a close scientific observation on the impact of climate change on the Region based
on modeling and expected scenarios.To cope with the impact of climate change on
agricultural sectors, new technologies and innovations have been tested and verified
by agricultural research initiatives that contributes to the climate change adaptation
efforts and enable the farmers and policy-makers to draw their strategies and actions
to face climate change impacts. These efforts include integrating heat, drought, and
salinity tolerance traits through genetic improvement into the crop and horticultural
varieties. Similar breeding techniques have been used in the livestock sector. Crop
simulation models can predict key crop characteristics over a wide range of climatic
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conditions, such as the timing of flowering and physiological maturity, through cor-
rect descriptions of phonological responses to temperature and day length. Egypt
vision 2030 stated that “Knowledge, innovation, and scientific research contribute in
achieving the goals of sustainable development in general, whether national or inter-
national, where the increase in the contribution of a large number of economic sectors
in economic activity can be achieved by connecting scientific research outputs and
innovation by the needs of these sectors”. The Egyptian research system is making
great effort to overcome challenges related to innovation, and scientific research and
alreadymaking big progress with regards to assessment of the climate change impact
on Egyptian agriculture as well as suggesting scientific climate change adaptation
measures.

Keywords Climate change challenges · Science · Technology and innovation

Abbreviation

ARC The Agricultural Research Center
EEAA Egyptian Environmental Affairs Agency
ET Evapotranspiration
FAO Food and Agriculture Organization of the United Nation
GCMs Global Circulation Models
GCM A General Circulation Model
GIS A Geographic Information System
IAEA International Atomic Energy Agency
ICT Information and Communication Technology
IPCC The Intergovernmental Panel on Climate Change
MALR Ministry of Agriculture and Land Reclamation
NARSS The National Authority for Remote Sensing and Space Sciences
NENA The Near East and North Africa region
NOAA National Oceanic and Atmospheric Administration
QTL Quantitative Trait Loci
RICCAR The Regional Initiative for the Assessment of the Impact of Climate

Change on Water Resources and Socio-Economic Vulnerability in the
Arab Region

SDS The Sustainable Development Strategy
SLR Sea Level Rise
SMNP The soil moisture neutron probe
SPOT Satellite Pour l’Observation de la Terre
THI Temperature Humidity Index
UNEP The United Nations Environment Programme
VA Vulnerability Assessment
WMO World Meteorological Organization
WUF Water Use Efficiency
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1 Introduction

Although Climate change addmore stress on the poormainly in the developing coun-
tries and presents challenges, it also presents opportunities for development. Linking
climate change and development became important to ensure increasing resilience
of the poorest and most vulnerable communities, Providing them with the needed
tools and technologies should be the main task of the international communities to
approach impact of climate change [1].

Climate change phenomena are based originally on scientific facts where research
tools are being used to confirm the data and information related to the cause of climate
change as well as its impact. The strong evidence that significant global warming
is occurring is based on measurement of air temperature and subsurface ocean tem-
perature in addition to the increase in the sea level at the global scale, retreating
glaciers as well as changes in many ecosystems retreating most of the warming in
recent decades can be attributed to human activities [2]. Extensive scientific evi-
dence made it clear that the main cause of the change in the climate of the past
half century is human-induced increases in the amount of atmospheric greenhouse
gases. This scientific opinion is expressed in technical reports and scientific arti-
cles by scientific national and international entities and by conducting surveys of
opinion among climate scientists. According to Cook et al. [3] individual scientists,
universities, and laboratories contributed to the overall scientific opinion via their
peer-reviewed publications. Cook et al. [3], analyzed the evolution of the scientific
consensus on the global warming in the peer-reviewed literature, examining 11,944
climate abstracts from 1991 to 2011, reaching the conclusion that 97.1% endorsed
the consensus position that humans are causing global warming.

Complex, integrated mathematical models are being used for projecting future
climate change. The model is essentially a representation of the many interactions
within the climate which includes the atmosphere, oceans, land surface, and ice.
Climate models are typically quantitative in nature and range from simple depictions
of the Earth’s climate to very complex ones. Climate models are based on well-
established physical principles and have been demonstrated to reproduce observed
features of recent climate and past climate changes. Results from a wide range of
climate model simulations suggest that our planet’s average temperature could be
between 2 and 9.7 °F (1.1–5.4 °C) warmer in 2100 than it is today.

Global climate models (GCM) can simulate many important aspects of Earth’s
climate: large-scale patterns of temperature and precipitation, general characteristics
of storm tracks and extratropical cyclones, and observed changes in global mean
temperature and ocean heat content as a result of human emissions. Models can
simulate the impacts at the local and global scale, e.g. crop yields, hydrological, and
water quality models [4].
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2 Role of Science in the Assessment of Climate Change
Scenarios

2.1 At the Global Level

The science behind the fact that the atmosphere and oceans have warmed, sea levels
have risen, and glaciers and ice sheets have decreased in size is supported by exten-
sive studies based on main lines of evidence: (1) Physical principles established long
time ago that carbon dioxide (CO2), restrict the radiant flow of heat from Earth to
space. This mechanism, known as the ‘greenhouse effect’, keeps Earth’s surface and
lower atmosphere considerably warmer than they would otherwise be. An increase
in greenhouse gas concentrations raises the temperature of the surface. (2) Measure-
ments from the recent past (the last 150 years) tell us that Earth’s surface has warmed
as atmospheric concentrations of greenhouse gases increased through human activ-
ities, and that this warming has led to other environmental changes. Although the
climate varies from decade to decade, the overall upward trend of average global
surface temperature over the last century is clear. (3) Climate models illustrate in
scientific presentation better understanding of the causes of past climate changes,
and to project the future climate change as well. Physical principles and knowl-
edge of past models provide convincing evidences about the role of the increased in
greenhouse gas concentration in the atmosphere in causing the recent climate change.
It became obvious that, unless greenhouse gas emissions are reduced greatly, and
greenhouse gas concentrations are stabilized, greenhouse warming will continue to
increase. (www.science.org.au/…/climate-change-r.pdf, Feb. 2015).

The Intergovernmental Panel of ClimateChange (IPCC) is a scientific body for the
assessment of climate change, established by the United Nations Environment Pro-
gramme (UNEP) and theWorld Meteorological Organization (WMO) to provide the
world with a clear scientific view on the current state of climate change and its poten-
tial environmental and socio-economic consequences. The role of IPCC is to review
and assess themost recent scientific, technical and socio-economic data and informa-
tion relevant to the understanding of climate change that have been produced world-
wide IPCC does not conduct any research nor does it monitor climate related data or
parameters (http://www.ipcc.ch/organization/organization.shtml, 2018). Thousands
of scientists from all over the world contribute to the work of the IPCC on a voluntary
basis. The review is an essential part of the IPCC process, to ensure an objective and
complete assessment of current information. Different viewpoints existing within
the scientific community are reflected in the IPCC reports. Because of its scientific
and intergovernmental nature, the IPCC embodies a unique opportunity to provide
rigorous and balanced scientific information to decision makers.

IPCC report [2] indicated that human activities since 1750 until now are respon-
sible “Golf the global atmospheric concentrations of carbon dioxide, methane and
nitrous oxide and this increase far exceed pre-industrial values determined from ice
cores spanning many thousands of years. The increases in the global carbon dioxide
concentration are due primarily to fossil fuel use and land use change, while those of

http://www.science.org.au/%e2%80%a6/climate-change-r.pdf
http://www.ipcc.ch/organization/organization.shtml
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methane and nitrous oxide are primarily due to activities of the agricultural sector.
The IPCC has very high confidence (representing at least a 9 out of 10 chance of
being correct) in this conclusion.”

“According to IPCC [2] warming of the global climate system became very obvi-
ous, as is now evident from observations of increases in global average air and ocean
temperatures, melting of snow and ice at higher rate, and rising global average sea
level. “Numerous long-term changes in climate have been observed at continental,
regional and ocean basin scales. These include changes in arctic temperatures and
ice, widespread changes in precipitation amounts, ocean salinity, wind patterns and
aspects of extreme weather including droughts, heavy precipitation, heat waves and
the intensity of tropical cyclones” [2]. The observed increase in global temperatures
since the mid of the twentieth century is very likely can be attributed to the observed
increase in anthropogenic greenhouse gas concentrations. Impact of human activities
nowextend to other aspects of climate, includingoceanwarming, continental-average
temperatures, temperature extremes and wind patterns.

For the next two decades, even if the concentrations of all greenhouse gases and
aerosols had been kept constant at the level of the year 2000, “a further warming of
about 0.1 °C per decade would be expected. Continued greenhouse gas emissions at
or above current rates would cause further warming causing further changes in the
global climate system during the 21st century that would very likely be larger than
those observed during the 20th century” [2].

The IPCCat (2018) “has identified far ranging and drastic consequences of climate
change, to both humans and the environment including:

• Increasing species extinctions
• Reduction of coral reefs, mangrove forests, and tropical rainforests
• Threats to small island states in the Pacific as sea levels rise
• Increasing drought threats in Africa
• More severe flooding in densely populated river deltas in Asia
• More severe weather in hurricane prone zones”. (http://www.ipcc.ch/organization/
organization.shtml, 2018).

An early warning system for disasters and extreme climatic events requires a
broad of different knowledge’s base, depending on the substantial existing accurate
scientific research in the geophysical, environmental and social science fields. Most
of the data required for disaster management, has special components (usage of
GPS data models, risk maps and scenarios), and also changes overtime. Therefore,
the use of remote sensing and GIS has become essential in disaster management.
Moreover, a rangeof tools (core prediction systemmodels and tools,warningdecision
system tools) exist to help in providing warnings about events that could threaten the
livelihood of the local communities. Remote sensing application and use of GIS has
been successful to predict the occurrence of disastrous and to warn people on time.

Information and communications technology (ICT) is envisaged to be an impor-
tant tool in the communication of climate change mitigation technologies, which are
necessarily of low carbon footprint in order to reduce GHG emissions [5].

http://www.ipcc.ch/organization/organization.shtml
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2.2 At the Regional Level

According to the latest IPCC assessment, the Near East and North Africa (NENA)
region is one of the most vulnerable regions to climatic change. The Region is
predicted to become even hotter and dryer thanwhat it already is.A temperature rising
up to 4 °C is expected by century’s end. Rainfall may decline up to 40% by 2050 (and
up to 60% in a 4 °C scenario), with an increase of severe drought and floods frequency
and intensity. Sea level rise of about 0.1–0.3 m is also expected by the year 2050,
augmenting seawater intrusion to coastal groundwater resources. It is anticipated that
such a climate change scenariowould reduce crop yield up to 30%. The livelihoods of
a large segment of the region’s population, particularly those dependingon small scale
rainfed agriculture, will be at great risk. The environment will be impacted as well
due to the anticipated increase of desertification, land degradation and biodiversity
losses. Ultimately, people migration will be accelerated.

The demand for a close observation on the impact of climate change on the
Region has materialized through the establishment of the ‘Regional Initiative for
the Assessment of the Impact of Climate Change on Water Resources and Socio-
Economic Vulnerability in the Arab Region’ [6].

Within the RICCAR project, future climate change data are generated through
downscaling projections from three global circulation models, EC-EARTH, CNRM
-CM5, and GFDL-ESM, exercised on the region using the regional climate model
RCA4 to provide higher-resolution information (50 km). The two considered cli-
mate scenarios are based on selected Representative Concentration Pathways (RCP),
specifically RCP 4.5 (moderate-case scenario) and RCP 8.5 (worst-case scenario).
The projected climatic and hydrological variable considered (max and min temper-
ature, and precipitation, runoff and evapotranspiration) are presented as the change
between the twenty-year periods of 2046–2065 (mid-century) and 2081–2100 (end-
century) with reference to the baseline period of 1986–2005. Here we highlight some
relevant findings for temperature, precipitation and evapotranspiration.

Change in maximum temperatures: The change in maximum temperature to the
middle of the century shows a varied increase between 0.3 and 2.4 °C in RCP 4.5 and
from 1.1 to 3.4 °C under RCP 8.5. The higher increase is shown in the non-coastal
areas, with the greatest increases projected in the Maghreb region, the south of Nile
Valley, and the central and western parts of the Arab peninsula. Towards the end of
the century, the change shows an increase between 1 and 3 °C in RCP 4.5 and from
2 to 5 °C with RCP 8.5. The areas showing higher increases are almost the same as
in the scenarios of midcentury.

Change in minimum temperatures: The general change in annual average mini-
mum temperatures to the middle of the century also shows a varied increase under
RCP 4.5 that goes from less than 1 °C at the Mediterranean coasts to more than
2 °C in the Sahara desert, the Atlantic mountains and Euphrates-Tigris basin. Under
RCP 8.5 the rise exceeds 1 °C almost everywhere in the Arab region and reaches
3–3.5 °C in some areas of the Sahara desert. The change of minimum temperatures
is clearly more evident towards the end of the century increasing between 1 and 3 °C
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in RCP 4.5 and from 2 to 5 °C and more with RCP 8.5. The areas showing a higher
increase are in the Sahara area in North Africa and East Africa, including Morocco
and Mauritania. The increasing change in temperature becomes much more evident
throughout the region with scenario RCP 8.5, when the increased temperature by
more than 3 °C would cover most of the Arab region.

Change of precipitation: Decreasing trends can be seen in most of the Arab region
towards the midcentury, with a reduction of about 90 mm in average annual precip-
itation for the Atlas Mountains when worst-case scenario is considered (RCP 8.5).
For the end of the century, both scenarios show a reduction of the average annual
precipitation reaching 90–120 mm/year in the coastal areas and mainly around the
Atlas Mountains in the west and upper Euphrates and Tigris river basins in the East.

Changes in evapotranspiration (ET ): The projected annual change in precipita-
tions is compliant with projected changes in evapotranspiration. The most affected
areas are spread out in the coastal zones of the Northern Africa (especially in the
West: Morocco, Algeria and Tunisia), but also in Sahel, in the north of Horn of
Africa as well as in the coasts of Arabian Peninsula (mostly in the south-west).In
the most affected zones, ET would increase by 20–40 mm/year under the moderate-
case (RCP 4.5), but it reaches 40–60 mm/year under the worse-case scenario (RCP
8.5) at mid-century. At end-century, ET would climb even higher and it would reach
100 mm/year in some areas (e.g. Morocco).

All projections were used to generate Vulnerability Assessment (VA) maps that
had been used to identify Hotspots in the various sub-sector of agriculture. The
climate projections, the vulnerability assessment and the hotspots where all used to
evaluate the impact of climate change.

3 Innovations and Technologies for Climate Change
Adaptation Measures

In addition to the traditional and indigenous knowledge, harnessing new technologies
and innovations that are tested and verified by agricultural research initiatives will
contribute to the climate change adaptation efforts and enable the farmers and policy
makers as well to face the challenges of climate change.

3.1 Management of Water Resources

Water is one of the most affected natural resources by climate change. Options to
improve water management in countries under water scarcity include; efforts to
increase irrigation efficiency; enhancing saving water techniques and water harvest-
ing—among others, to conserve the already limited water resources under differ-
ent climate change scenarios. Often benefiting from the traditional knowledge of
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rural communities, water harvesting can also be enhanced through the application of
satellite remote sensing.

The soil moisture neutron probe (SMNP) is portable equipment for measuring
periodically soil water content at different depths. Data generated from this moni-
toring are used to calculate the soil water balance and estimate the total amount of
soil water removed by both soil evaporation and plant transpiration [7–10]. WUE
by crops as measured by the SMNP can be increased by up to 50% by changing
irrigation technologies [11, 12] and/or management practices [13, 14], to improve
groundcover and thus reduce evaporation from the soil surface. For example, approx-
imately 25–50% of irrigation water can be saved by using drip irrigation over the
traditional flood surface irrigation. Such savings also brought about other benefits
including an increase in the efficiency of fertilizer applied to crops to the same extent
(20–50%) and a reduction in nitrogen leaching losses beyond the plant rooting zone.

The measurement of natural variations in the abundance of stable isotopes of
oxygen, hydrogen, carbon and nitrogen in soil, water and plant components can help
to identify the sources of water and nutrients used by plants and to quantify water
and nutrient fluxes through and beyond the plant rooting zone. It also an important
tool in understanding different irrigation and land management practices and their
impact on plant uptake of water and nutrients. The soil surface since the light iso-
topes (hydrogen-1 and oxygen-16) evaporate more readily than the heavy isotopes
(hydrogen-2 {2H} and oxygen-18 {18O}). The natural isotopic ratios of hydrogen
(2H/1H) and oxygen (18O/16O), which are often expressed as delta units (G2H and
G18O) in soil water, water vapour within a plant canopy and plant leaves can pro-
vide estimates of soil evaporation and plant transpiration [15, 16]. Such information
will enable irrigation and land management practices to be developed to minimize
soil evaporation (the non-productive loss of water) and channel this water for crop
production.

Use of nuclear and isotopic techniques has proved to be invaluable tools for
improving WUE. Stable isotopes of water, 2H and 18O, at the natural abundance
level; have provided useful tools for tracking and quantifying water flows within
and beyond the plant rooting zone. These techniques show potential to partition
evapotranspiration into soil evaporation and plant transpiration (thewater component
removed by plants for their growth). Data and information obtained from using the
nuclear and isotopic techniques can be used: (i) To evaluate the efficacy of different
irrigation and landmanagement practices thatminimize soil evaporation andoptimize
plant transpiration, (ii) To locate sources of water use by different plants so as to
develop an integrate tree-crop system for sustainable food production particularly in
drylands environments and (iii) To identify and develop management strategies that
minimize the losses of water and associated fertilizers, pesticides, soils and animal
manure from farmlands. The need to minimize such environmental impact from
agricultural activities is increasingly important to enhance viable and sustainable
agricultural systems. The carbon isotope discrimination has potential as a tool for
screening and evaluating large samples of cultivars with increasedWUEunderwater-
limited conditions https://mirfali.wordpress.com/2013/08/09/page/58/.

https://mirfali.wordpress.com/2013/08/09/page/58/
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The need to minimize such environmental impact from agricultural activities is
increasingly important to enhance viable and sustainable agricultural systems. The
carbon isotope discrimination has potential as a tool for screening and evaluating
large samples of cultivars with increased WUE under water-limited conditions.

3.2 Breeding for Drought Tolerance

One promising approach to face the projected impact of climate change on crops
is to integrate useful drought tolerance traits through genetic improvement into the
cultivated varieties. Recently, some techniques and plant criteria have been widely
used in screening for drought tolerance in plant breeding programs as the Drought
susceptibility index that based on the field performance and is used to compare
genotypes in terms of their ability to minimize the reduction in yield under drought-
stressful compared with non-stressful environments. Chemical desiccation has been
suggested as an indirect simple method to simulate post-anthesis drought for small-
grain cereals [17]. Remote-sensing infrared thermometry (IR) was also proposed to
meet the criteria of a rapid, instantaneous, nondestructive, and monitoring whole-
plant response to drought in the field [18, 19]. The technique is an indirect method
for assessing stomatal conductance of canopy leaves where canopies tend to warm
up with stomatal closure.

To select and evaluate plant cultivars that can withstand drought, measurement of
natural variations in the abundance of both light and heavy carbon stable isotopes
(12C and 13C) in plant materials is increasingly being used by researches around the
world. This technique obviates the need for measurements of the water budgets of
a large number of plants during a large scale screening for WUE characteristics.
Under drought, less carbon (in the form of carbon dioxide), particularly 13C from
the atmosphere is taken up by plants for growth because of plant stress, thus creating
a major variation in the natural isotopic ratios of 13C and 12C in plant materials. A
plant cultivar, which is resistant to water scarcity should display less depletion in
13C compared with a susceptible cultivar. Such discrimination against 13C (i.e., the
difference between 13C and 12C, expressed as delta G13C) in plant tissues (leaves
and grains) has been successfully used in the selection of drought-resistant barley,
wheat, rice and peanut (20) and (21) [20, 21]. Scientists have concluded that G13C in
plant leaves and grain is negatively related to WUE. Carbon isotope discrimination
(often abbreviated as (CID) measured in different plant parts at harvest can be used
as a historical account on how water availability varied during the cropping season
[22].
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3.3 Breeding for Heat Tolerance

It is well established that increasing tolerance to temperature by conventional breed-
ing is an obvious approach to reduce the adverse produced eventually. Thus, the
selection of breeding lines for relatively hot regions is conducted under hot condi-
tions [23]. Conventional breeding has also been used to intentionally develop new
heat-tolerant crop genotypes. For example, a variety of broccoli has an improved
head quality thanks to early maturation, because this trait prevents hot days later in
the season to affect the heat-sensitive flower initiation developmental stage [24].

In addition, new varieties of cowpea showed higher average grain yield when
grown under hot and long days during reproduction Ehlers and Hall [25]. And recur-
rent selection has also been successful for improving wheat yield using ancestor
T. tauschii as a gene donor, leading to increased rates of grain filling and larger
grains in BC1F6 plants [26]. Jha et al. [27] developed a list of quantitative trait
loci (QTLs) associated with heat tolerance in various plants, including Arabidop-
sis, azuki bean, barley, brassica, cowpea, maize, potato, rice, sorghum, tomato and
wheat. The authors showed several types of genetic markers linked to different traits
of interest which spanned the various aspects of a plant’s vulnerability to heat. This
included QTLs for yield traits, such as fruit set or grain filling rate, under heat.
Also, QTLs for several heat tolerance- related traits have been discovered, such as
for lower canopy temperature during vegetative and reproductive stages and higher
chlorophyll fluorescence in wheat [28–30]. Pinto and Reynolds [31] stated that, High
chlorophyll fluorescence represents heat-tolerant photosynthesis, and lower canopy
temperature reflects efficacious water uptake which has been associated with deep
rooting. A major quantitative trait loci (QTL) for high temperature seed germination
capacity in lettuce, Htg6.1, collocates with a temperature-sensitive gene encoding an
abscisic acid biosynthesis enzyme (LsNCED4) [32, 33]. In potato, nine quantitative
trait loci (QTLs) for internal heat necrosis in tubers were detected that each explain
between 4.5 and 29.4% of the phenotypic variation [34]. Many studies have focused
on the effect of high temperature on reproductive characteristics. This including
pollen germinability, pollen tube growth, grain weight, days to heading, grain fill-
ing and post-anthesis leaf senescence, fruit set and quality traits such as white-back
kernels in rice. In maize, five and six QTLs for pollen quality and tube growth have
been identified with a high heritability of 0.64 and 0.68, respectively. In response to
high-temperature stress, plants modulate the expression of a plethora of genes. These
genes and their annotation could help to identify the processes that are induced or
suppress such as those involved in adaptation and protection to heat stress [35].

3.4 Crop Simulation Models

Crop simulationmodels can predict several key crop characteristics over awide range
of climatic conditions, such as the timing of flowering and physiological maturity,
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through correct descriptions of phonological responses to temperature andday length.
Furthermore, accumulation of yield needs to be predicted by accurately predicting the
development and loss of leaf area and, therefore, a crop’s ability to intercept radiation,
accumulate biomass, and partition it to harvestable parts such as grain. Crop water
use is also needs to be accurately predicted by correctly predicting evapotranspiration
and the extraction of soil water by plant root [36]. The authors used the CropSyst
model to study the effects of cropping management systems on crop productivity
and the environment under different climate change scenarios. The CropSyst model
allows using set of daily weather data spanning on a reasonable number of years to
assess the impact of climate change on crops [36, 37] It is a multi-year, multi-crop,
daily time step crop growth simulation model, developed with an emphasis on a
user-friendly interface, and with a link to GIS software and a weather generator.

The currently developed FAO crop water productivity model AquaCrop. Steduto
et al. [38], indicated that, the model has been developed to predict yield response to
water for most field and vegetable crops under different range of irrigation and land
management, practices that requires a range of data on transpiration and evapora-
tion. These two components of evapotranspiration can be separated by using stable
isotopes as outlined above.

4 Management of Sustainable Livestock Production Under
Expected Harsh Environment

Giuseppe et al. [39], provided four elements to ensure low impact of environment
on ruminant production: (a) feeding techniques that increase feed efficiency and can
be adapted to different scenarios, (b) traditional and innovative methods of animal
breeding, including new technologies of gene editing that enable the rational use of
genetic resources, and (c) maintenance and enhancement of animal biodiversity.

Adaptation of ruminants to climate change: Temperature humidity index (THI),
an index which combines temperature and humidity into a single value and is widely
considered as a useful tool to predict the effects of environmental warming on farm
animals [40]. Adaptation in the ruminant sector includes actions that may help to
alleviate the direct or indirect negative effects of climate on animal health, welfare
and productivity. The adaptation measures that can minimize the direct effects of
climate change on animals are classified as structural interventions and manage-
ment practices. Under intensive and semi-extensive production systems, the main
structural interventions of adaptive significance include building orientation, insula-
tion and reflectance, shading and ventilation, with or without the use of water [41].
Provision of shade may represent an effective adaptation measure under grazing or
pastoral production systems as well. Management practices that may alleviate the
negative impacts of climate change on ruminants include hormonal treatments to
improve fertility [42], and nutritional and genetic approaches. Adoption of systems
that increase water availability may be useful to limit the negative indirect effects of
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climate on ruminant production that may arise from reduced grassland or crop pro-
duction, furthermore selecting plantswith lowwater needs or high resistance towater
shortages, and high resistance to emerging pathogens. Also, increasing surveillance
and developing preventive tools (i.e. vaccines) for the control of emerging animal
diseases would also be crucial to coping with climate change and its impact on
farmed ruminants. Finally, adaptation options include developing and implementing
meteorological warning systems and insurance systems, which are needed to reduce
the impact of severe weather events and prevent loss of livestock [43].

In the field of Sustainable ruminant feeding there have been many scientific and
technological advances in such as precision livestock feeding, identification and char-
acterization of new feed resources, the reutilization of agricultural industry residues
and biotechnologies for animal feed and animal feeding. Also a rediscovery and re-
evaluation of agroforestry and silvopastoral systems, regarding food quality aspects
and the maintenance of ecosystem services (e.g. carbon sequestration, land land-
scape maintenance, and biodiversity enhancement). The goals of precision feeding
are to increase production efficiency and profitability, reduce environmental impact,
improve product quality and safety, and improve animal health and well-being [44].
Regarding the animal breeding: In addition to meeting the growing demand for ani-
mal products, animal breeders will have to address climate change challenges to
ensure the socioeconomic sustainability acceptance of ruminant farming. In par-
ticular, selection will have to (1) Improve animal health and welfare, (2) Increase
tolerance to stressors, (3) Reduce livestock environmental impact and (4) Produce
milk and meat having improved nutritional and functional properties.

Two strategies are possible to meet these objectives: (a) selection in cosmopolitan
breeds, by integrating traditional and newbreeding goals; and (b) exploitation of local
breeds and their genes. Local breeds are the most adapted to low-input production
systems and a range of environments, can produce food with unique properties,
and can preserve cultural and social values. Local breeds also hold a reservoir of
valuable genes that, once discovered, may be introgressed in cosmopolitan breeds
by traditional or innovative methods Bewley [44].

5 Scientific Research and Innovations to Address Climate
Changes in Egypt

The Agricultural Research Center, Colleges of Agriculture in the different Universi-
ties, Environmental institutes, The National Research Center, The Desert Research
Center are the main agricultural institutions in Egypt that provide the science base
to enhance the adaptive capacity of the country to cope with impacts of climate
change. In addition to The National Water Research Center, National Institute of
Oceanography and Fisheries and The Egyptian Atomic Energy Authority.

The Agricultural Research Center (ARC) was established in the early 1970s.
With its more than 4000 researchers working in 16 Institutes, 13 Central Labs, 10
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regional stations, and 4 researches, extension and training centers of excellence,
ARC contributed significantly to the agricultural production in Egypt. ARC accom-
plishments include development of new varieties, improved agronomic practices,
livestock development, maintenance of the national herds and better food processing
techniques. The ultimate goal is to maximize the economic return per unit of land
and water. However despite the numerous research institutions and the availability
of a great number of distinguished agricultural researchers, it has not so far been
possible to make appropriate use of this human resource wealth [45].

6 Monitoring, Assessment and Follow-Up of Climate
Change Related Impact on Egypt

Because of its dependence on theRiverNile and the agricultural activities that require
access to climatic data that impact the natural flow of the Nile as well as seasonal
rainfall, Egypt has a long history in dealing with natural meteorological observa-
tions. Since 1933 the General Authority for Meteorology has been operating through
a network of 112 ground stations and air stations to monitor air pollution and cos-
mic radiation, 26 meteorological stations for monitoring agricultural climate are
connected to international networks.

Egyptian Environmental Affairs Agency (EEAA) is operating 47 stations tomoni-
tor air pollution in Cairo, Alexandria and the capitals of the governorates of the Delta,
Upper Egypt and Central Egypt as well as the major cities. No doubt Greenhouse
gases are a part of the elements of pollutionmonitored by these stations, except ozone
gas, which is monitored by a limited number of stations. Furthermore, the Institute
for Higher Studies on the Environment, in the University of Alexandria, monitors the
shores of the Mediterranean Sea, while the National Institute of Oceanography and
Fisheries monitors the shores of the Red Sea. The Faculty of Science in Ain Shams
University controls the quality of samples analyzed by both agencies, including the
bacteriological and physical, chemical and trophozoite elements. The Environmen-
tal Affairs Agency publishes this data on a special website related to all elements
including the temperature of the sea water surface.

The National Authority for Remote Sensing and Space Sciences (NARSS) has
been monitoring the earth since 2007 through Egypt’s Satellite “Egypt Sat 1”, The
National Authority for Remote Sensing has also set up a station to receive data
coming from satellites of theU.S.NationalOceanic andAtmosphericAdministration
(NOAA), the French earth observation satellites (SPOT), and others.

In the field of agro-climatic meteorology, the Ministry of Agriculture and Land
Reclamation (MALR) oversees the operation of 26 agro-climatic stations as well as
two environmental meteorological stations, but most of these stations need mainte-
nance and calibration. As regards to wave height monitoring, the setup of relevant
measurement devices began in the port of Alexandria in 1944, the mouth of Rasheed
Branch in 1964, Lake Burullus in 1972, the mouth of the Damietta branch in 1990,
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the port of Abu Qir in 1992 and the port of Damietta in 1997. An electric power-
generating station was established in 1998 in El-Arish. Additionally, a device was set
up to measure the height of the waves on the Red Sea, and 11 automatic measuring
devices were installed along the Suez Canal.

Egypt depends on obtaining data on the evolution of sea level rise on the Egyptian
coast, temperature rise, rainfall, surface flow of the Nile waters and the amount of
water that could reach the country as a natural flow of the River Nile. All of these
activities require the constant monitoring of many aerial and ground variables, which
may be within the country or abroad, particularly in the Nile Basin countries.

7 Climate Change Modeling in Egypt

Mathematical models have been used in Egypt to identify the impacts of climate
change on water resources. Elshemy [46] used models and scenarios to study the
impact of climate change on hydrodynamics and water quality of Lake Nubia. He
used a proposed hydrodynamic and water quality model, which simulates three peri-
ods: I (2010–2039), II (2040–2069), and III (2070–2099)—with two emission sce-
narios, A2 and B1, for each period, including the average of 11 GCMs outputs. A
theoretical process algorithm has been simplified and further developed to modify
the initial conditions input file of dissolved oxygen due to GCC effects, the impacts
of climate change on hydrodynamic and water quality characteristics of Lake Nubia
were investigated. It is emphasized that the calibration and the scenarios cover only a
short period of 2 weeks of simulation. This is due to the limited availability of histor-
ical data. Consequently the results and quantified effects do not reflect the variability
of hydrodynamics and water quality extending over 1 year or even longer periods.
The hydrodynamic characteristics studied include water surface levels, evaporative
water losses, and reservoir thermal structure. The water quality parameters of the
study include pH, dissolved oxygen, chlorophyll-a, orthophosphate, nitrate–nitrite,
ammonium, total dissolved solids, and total suspended solids. The results showed that
hydrodynamic andwater quality characteristics of LakeNubia would be significantly
impacted by projected climate change.

Also identifies a critical need for developing a regional climate change, model for
the Nile Basin and acquiring long-term records of hydrodynamic and water quality
characteristics of theAswanHighDamReservoir for detailed investigation of climate
change impacts [46].

The sensitivity of Nile flows to climate change is strongly affected by increasing
the temperature due to climate change. Scenarios of the effect of climate change on
the Nile flows using three Global CirculationModels (GCMs) to estimate future Nile
flows. Strzepek et al. [47], developed ten different scenarios for Nile flows. Nine of
the ten predict reductions in Nile flows from 10 to 90% by the year 2095. Even in the
short term, by 2025 losses are estimated at 5–50% [48], Based on investigated hydro-
meteorological impacts of climate change in the River Nile Basin using different
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scenarios he reported, temperature increases and possible precipitation decrease will
significantly aggravate the existing water related problems.

Agrawala et al. [49], Focused in their studies of development and climate change
in Egypt on coastal resources and the Nile adaptation measures on the supply-side
include ways to improve rain-harvesting techniques, increasing extraction of ground
water,water recycling, desalination, and improvingwater transportation recommend-
ing improved long-term forecasting as a necessity to enhance Egypt’s ability to cope
with prolonged drought.

Satellite images, GIS, mathematical models and scenarios have been instrumental
in studying the impacts of climate change on the coastal area of the Nile Delta in
Egypt through sea level rise (SLR) combined with geological and human factors,
which is already subsiding at approximately 3–5 mm/year around the Nile delta
[50]. Satellite maps of the Nile delta has been used to illustrate the potential impact
of SLR on the available agricultural land in the Delta under different scenarios of
the SLR that change with time as well as on the livelihood of the local communities.
Simulation models were used in a study by Egypt’s National Strategy for Adaptation
to Climate Change And Disaster Risk Reduction (2011) on different agricultural
areas over a period of 25–40 years to predict the statues of the major crops in Egypt
and their water use under different climate change scenarios concluding that:

Simulation models were used in a study by Egypt’s National Strategy for Adapta-
tion to Climate Change and Disaster Risk Reduction (2011) on different agricultural
areas over a period of 25–40 years to predict the statues of the major crops in Egypt
and their water use under different climate change scenarios concluding that:

• Wheat: The productivity of wheat will fall by 9% if the temperature rises by 2 °C.
The water consumption of this crop will rise by 6.2%, in comparison with the
situation under the current weather conditions. A 4 °C rise will increase the deficit
to 18%.

• Maize: Crop productivity will fall by 19% by the middle of this century if tem-
perature increases by 3.5 °C, in comparison with the situation under the current
weather conditions. Accordingly, water consumption will rise by 8%.

• Cotton: Climate change will have a positive impact on the productivity of cotton.
Production will rise by 17% if the temperature rises by 2 °C. The water con-
sumption of this crop will increase by 4.1–5.2% in comparison with the situation
under the current weather conditions. If the temperature rises by 4 °C, production
will increase by 31%. On the other hand, water consumption will rise by 10% in
comparison with the situation under the current weather conditions.

• Rice: Productivity will fall by 11% in comparison with the situation under the
current weather conditions. Water consumption will increase by 16%.

• Tomato: Tomato productivity will fall by 14% if the temperature increases by 2 °C.
Water consumption of the crop will increase by 4.2–5.7% in comparison with the
situation under the current weather conditions. The drop in productivity will reach
51% if the temperature rises by 3.5 °C.



74 M. A. S. Abdel Monem and I. A. El Ghandour

• Sugar Cane: The results of studies on the climate change impact on the production
of sugar from sugar cane indicate a 24.5%drop in productivity, and a 2.3% increase
in water consumption. There will be a 25.6% drop in crop return, per unit of water.

8 Improved Crop Varieties and Livestock Breeds

Advances in crop breeding using differentmethodologies and techniques can produce
varieties that are can resist temperature extremes, drought, and disease. Science can
also be harnessed to breed hardy, more resilience livestock breeds that are capable
of adapting to the harsh conditions that characterize dryland regions, particularly
marginal areas.

Genetic engineering has been widely used in Egypt to produce drought, heat and
salinity crop varieties. Scientists at the Agricultural Genetic Engineering Research
Institute (AGERI) were able to produced drought-tolerant wheat by transferring a
gene ‘HVAI1’ from barley into a local wheat variety. The new breed is consuming
less irrigation water.

Aboul-Naga et al. [51], Studied the performance of crosses of Damascus goat
with the local Barki raised by Bedouins at the arid coastal zone of Egypt. The study
covered 159 breeders in the area from Borg-Arab to Barani in the North West Coast
of Egypt. Results indicated that the Damascus crossbred are well adapted to the
prevailing conditions, poor ranges and harsh management conditions in the arid area
of the North West Coast of Egypt. The 25% Damascus crossbred does give more
than double milk production than the native Barki, and their kids performed better
at the market.

Management of forage crops for livestock in Egypt under heat, drought and salin-
ity stress had been studied by El-Nahrawy [52]. He identified several forage crop
species that can tolerate the harsh conditions of soil salinity as well as low water
quality. He recommended several management options to alleviate degradation of
the pasture lands in the Northwest Coast and North Sinai due to drought are to (a)
Developing a tree seedling nursery capacity in the villages, and planting, in coop-
eration with local land users, of improved fodder trees and shrubs. (b) Enhance soil
stabilization by the planting of windbreaks, using trees or shrubs with nutritive value.
(c) Identifying useful local grassland species, developing seed collection and mul-
tiplication and over-seeding selected rangelands with seeds of good nutritive local
grasses and legumes species.
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9 Challenges of Innovation, Knowledge, and Scientific
Research (SDS Egypt Vision 2030)

It was stated in the Egypt vision 2030 that “Knowledge, innovation, and scientific
research contribute in achieving the goals of sustainable development strategy (SDS)
in general, whether national or international, where the increase in the contribution
of a large number of economic sectors in economic activity can be achieved by
connecting scientific research outputs and innovation by the needs of these sectors”.
However challenges related to innovation, knowledge, and scientific research are
divided into three main groups:

The first group: is characterized by its high impact and relative ease to control,
hence it attracts the biggest share of attention as they could be encountered and
overcome much easier compared with others. It includes:

• The legislative system being poor in motivating and protecting innovation: There
is an absolute necessity to review legislation relevant to innovation protection,
and develop an incentives structure, governmental expenditures, and protection of
intellectual rights in order to achieve a motivating environment for innovation.

• Poor coordination between social needs and innovation: This can be observed in
the low proportion of local content in several vital sectors as well as not taking
advantage of scientific research outputs in facing themain challenges encountering
Egyptian society.

The second group: of challenges could be overcome, yet it has a relative and
limited impact, including:

• Inefficient sectorial planning: Sectorial planning must be focused on defining
national priorities and linking them to the system of innovation, knowledge, and
scientific research to achieve high levels of competitiveness and sustainability for
industries and strategic sectors in Egypt.

• Lack of a comprehensive mechanism connecting knowledge with innovation: Due
to the lack of a proper comprehensivemechanism to connect knowledgewith inno-
vation, the development of curricula and educational methods became irrelevant
to beneficial social or economic innovation production, which in its turn led to
significant imports of technology.

• Insufficient economic and financing incentives for innovation: Limited low expen-
diture allocated for scientific research and development has a negative effect
on knowledge production as a result. Medium and small companies’ inability
to produce and market innovation: Due to the high costs of such activities, this
consequently undermines their financial capacities.

The third group of challenges is characterized by its high impact and its long-term
nature to be overcome:

• Poor innovation culture of society: This is one of the most difficult challenges
facing the development of innovation, knowledge, and scientific research in Egypt,
due to decades of inherited negligence, whether in terms of instilling the culture of
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innovation in youth, or in fostering talents in schools, or in creative appreciation
and motivation.

• Lack of awareness of the importance of intellectual property and its protection:
In light of the limited implementation of Intellectual Property Laws in Egypt,
researchers and innovators do not enjoy their intellectual rights.

10 Conclusions

Science policy interface is vital in approaching the climate change challenges glob-
ally and specifically in Egypt. Innovations and new technologies have the major role
of developing new crops varieties that are resistant to possible impacts of climate
change (heat, drought and salinity stress), disease, and producing higher yields. These
technologies should be simplified to be close to the policymakers, who need to under-
stand the nature and processes of scientific innovation and to enhance an environment
in which it can flourish in responding to the emerging challenges. Water, food energy
and climate change nexus can be the major concern of the scientific research plans,
programs and projects in Egypt. Also, Policy timescales are generally shorter than
scientific developments, so policy needs to demonstrate more continuity for foster-
ing innovation. Because of the cost of research, Funding for scientific research and
development needs long-term commitments which are not affected by rapid policy
changes. There is also a need for more international cooperation.

11 Recommendations

This chapter highlights the following recommendations:

1. Guide the research agenda in Egypt to provide scientific facts to inform policy
makers with information and knowledge related to climate change and its impact
on agriculture sector.

2. Enhance the role of the scientific research entities in presenting the knowledge
in a simple way for the decision makers and the general public.

3. Mainstream climate change assessment, impact and measures of adaptation in
the research programs of the research institutions.

4. Establish strong linkages between the local civil society organizations and the
agricultural research bodies in the country to empower these organization with
the necessary tools and gaudiness to approach climate change challenges at the
levels of local communities.
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Impact of Climate Change
on Plant-Associated Fungi

Anindya Chanda, Heba Maghrawy, Hossam Sayour,
Phani M. Gummadidala and Ola M. Gomaa

Abstract The global climate change can influence agricultural productivity by alter-
ing the plant-microbe interactions. Plant-associated fungi play important roles in
these interactions by regulating nutrient transformation in soils, nutrient availability
for plants and plant health and growth. The abiotic stressors that increase with the
changing climate result in significant alterations in these processes. These alterations
are either as a response to the changing biology of the plant or due to the direct effect
of the stressors on the fungi. In this chapter we retrospect the current knowledge on
the plant-associated fungi and discuss the effects of the changing climate on their
interactions with their hosts. The goal of this review is to emphasize the need for
more research on plant-fungal interactions that can increase the resilience of crops
to climate change.

Keywords Plant-associated fungi · Agriculture · Fungal diversity · Fungal
activity, and climate change ·Molecular imprinted polymers ·Wireless sensor
networks · Precision farming

1 Introduction

Life as we know it has been transformed due to climate change. The heavy impact
of climate change has taken its toll on everything. The rate and extent of damage are
expected to become worse each year. Climate change impact has been the center of
attention during the past few years. Policymakers have identified it as a problem that
needs to be addressed by scientists. Climate action is the goal number 13 in the 2030
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agenda for sustainable development. This goal addresses the target action to combat
climate change and its impact to improve the lives of people around the globe (www.
un.org/sustainabledevelopment/climate-change-2/).

The estimated increase in temperature is expected to exceed 3 °C this century.
An action plan was adopted upon Paris Agreement that took place in 2015. The
implementation of the Paris Agreement was perceived as crucial step to fulfill the
sustainable development goals by providing a roadmap to “reduce emissions and
provide climate resilience”. An Intergovernmental Panel on Climate Change [1] was
formed back in 1988 upon the recommendation of the World Meteorological Orga-
nization (WMO) and United Nations Environmental Program (UNEP). IPCC has
released until now, five assessment reports that cover the scientific, technical and
socio-economic impacts of climate change. Currently, the IPCC is working on their
sixth assessment report and three special reports to suggest ways for policymakers
to mitigate the impact. Climate change impact and mitigation is not only a politi-
cal decision, but it also requires the intervention of scientific research to study the
phenomena, help draw a clearer picture and suggest innovative scientific solutions.
Therefore, it has been placed among the top priority societal challenges in the Hori-
zon 2020 competitive call for proposals addressed by the European Commission (EC
www.ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/).

The effect of climate change on agriculture has specifically become a global issue
due to the ever-growing need to provide food security and end hunger. The impact
is on the whole agro-ecosystem from crops and livestock to fisheries, which in turn
can affect economic stability [2]. Implications of climate change on agriculture is
not only due to effects on plants but also due to effects on biogeochemical properties
of the soil on which they grow. An important consequence of changing climate is
its impact on the microorganisms present in the agricultural soil. Not only does the
climate-mediated changes inmicrobiota and their behaviors reduce food productivity
but it extends to food safety, human health and economy when soil microbiota turn
toxigenic under environmental influence.

Fungi are the primary decomposers in the soil. Hence it is implicative that changes
in temperature and precipitation will change the diversity and functionality of fungal
communities. Hence to find a solution, one has to step back and study the impact.
From this standpoint, this chapter aims to review the current knowledge on the
impacts of climate change on soil fungi diversity and activity from stress-inducing
perspective. The review also addresses the recent initiative by the Egyptian Ministry
of Higher Education and Scientific Research (MHESR) to encourage researchers to
find solutions to overcome climate change impacts such as forecasting of future
changes in diversity and food productivity, detecting potential natural disasters,
changing building codes, protecting coasts and delta region. Climate change is at the
top of environmental priorities stated in the National strategy for scientific research
for Egypt.

http://www.un.org/sustainabledevelopment/climate-change-2/
http://www.ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/
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2 Relation Between Climate Change and Diversity of Soil
Fungi

Fungi are main constituents of global ecosystems. They convert the hard digested
organic material into forms that other organisms can use. Fungal hyphae physically
bind soil particles together, causing stable aggregates that increase water infiltration
and soil water holding capacity. Soil fungi can be grouped into three general func-
tional groups based on how they acquire their energy as follows (https://www.nrcs.
usda.gov/wps/portal/nrcs/detailfull/?cid=nrcs142p2_053864):

(i) Decomposers (saprophytic fungi) convert the dead organic material into fungal
biomass, carbon dioxide (CO2), and small molecules, such as organic acids.
These fungi generally consume complex substrates, such as the cellulose and
lignin in wood and are essential in decomposing the carbon ring structures in
some pollutants. They are important for immobilizing, or retaining, nutrients
in the soil. Also many of the secondary metabolites of these fungi are organic
acids, which increase the accumulation of humic-acid rich organic matters that
are resistant to degradation and stay in the soil for hundreds of years.

(ii) Mutualists (mycorrhizal fungi) colonize plant roots, solubilize phosphorus and
deliver phosphorus, nitrogen, micronutrients, and water to the plant. Onemajor
group of mycorrhizae, the ectomycorrhizae grow on the surface layers of the
roots and are commonly associated with trees. The second major group of
mycorrhizae is the endomycorrhizae that grow within the root cells and associ-
ated with grasses, row crops, vegetables, and shrubs. Arbuscular mycorrhizal
(AMF) is a type of endomycorrhizal fungi.

(iii) Pathogens are parasites that reduce production and result in death when they
colonize roots of plants such asVerticillium,Pythium, andRhizoctonia, leading
to major economic losses in agriculture each year [3].

While it is difficult to study the variations in fungal activity and growth within
soil ecosystems as the mycelia are hidden below ground, it is easy to anticipate that
arbuscular ectomycorrhizal, endomycorrhizal fungi and saprotroph fungi with dif-
ferent nutritional needs are affected differently by changing the climate. For exam-
ple, saprotrophs may be directly affected by the abiotic change, but mycorrhizal
fungi will be affected not only directly but also indirectly by effects on the host
plants. As a result, modifications in the activity and growth period of fungal mycelia
prompted by climate variation may have broad-scale changes on the carbon cycle of
soil ecosystems.

https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/?cid=nrcs142p2_053864
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3 Plants and Mycorrhizal Fungi: Effect of Climate Change
on This Relationship

Abiotic stress is common in all agricultural environments as drought, temperature,
salinity and nutrient deficiency or excess all have negative consequence on plant
strength. However several lines of evidence suggest that plant-mycorrhizal fungi
offer several beneficial effects to the host and increase their resistance to this stress.
Approximately 6000 species of Glomeromycota, Ascomycota, and Basidiomycota
have been stated as mycorrhizal fungi. Discussed here are a collection of such studies
that demonstrate the importance of mycorrhizal fungi in protecting plants from the
abiotic stressors and thereby are linked with increased agricultural productivity.

Arbuscular mycorrhizal fungi (AMF) symbiosis are obligate symbionts that colo-
nize land plant root. These fungi receive carbohydrates from plant host and improve
plant nutrient and water availability [4]. Elevated carbon dioxide levels usually
enhance the colonization of these mycorrihizal fungi, which in turn promotes plant
growth. However, in many ecosystems, plant growth promotion is limited by nutrient
availability. Therefore elevation of carbon dioxide levels will not necessarily increase
agricultural productivity under these field conditions [5]. The rise in temperature has
a positive effect on arbuscular fungi colonization and hyphal length. It may also alter
the structure of the AMF hyphal network and initiate a switch from vesicular hyphae
responsible for storage in the cooler soil to extra mycorrihizal hyphal representing
growth in warmer soils. This may be responsible for faster carbon distribution to the
rhizosphere and improved respiration of the extra mycorrihizal hyphae at a high soil
temperature. AMF may enhance plant growth and colonization for the majority of
strains Glomus intraradices and Glomus mossae at a higher temperature. Drought
stress can be a result of global warming. Studies show that drought improves arbus-
cule formation and hyphae enlargement of Glomus spp. (e.g. strain ZAC-19), but
reduces its colonization (e.g. Glomus fasciculatum). Drought is responsible for the
reduction of plant growth and both roots and aerial plant parts may be compressed.
This may lead to changes in the distribution of photosynthates in the rhizosphere as
well as in extra mycorrhizal mycelium.

Various plant species, most importantly forest trees, interact with ectomycorrhizal
(ECM) fungi which in concert with AMF provide organic nitrogen, phosphate and
other micronutrients to their plant hosts and also enhance seedling survival. Simi-
lar to AMF, elevated CO2 concentrations may induce changes in ECM colonization
and/or community structures. It has been reported that mycelial biomass produc-
tion by Hebeloma crustuliniforme in Pinus sylvestris (L.) Karst. Seedlings increased
three-fold under elevated CO2, as compared to mycelial growth under ambient CO2

conditions [6]. The mycorrhizal fungus Pisolithus tinctorius, which depended on
plant assimilates of Pinus silvestris L., grew much faster in the presence of elevated
CO2, three fold higher mycorrhizal root clusters and two-fold higher biomass of
extra mycorrhizal mycelia as compared to ambient CO2 levels. These studies demon-
strate that increased CO2 can increase ECM colonization of host plants, although as
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observed in Cenococcum geophilum and Suillus sp. associated with Scots pine (P.
sylvestris L.), fungal biomass does not increase under these conditions. Respiration
of ECM strains ofC. geophilum, Suillus intermedius and Lactarius cf. pubescens can
be reduced under increasing temperature [5]. It has been reported that C. geophilum
show decreased colonization in Quercus myrsinaefolia under increased temperature.
Drought can significantly influence ECM colonization and community structures.
Drought decreased mycorrhizal fungal colonization of some plant species such as
Norway spruce trees, several Mediterranean shrubs, some Pinus spp. (such as P. oax-
acana and P. muricata colonization with Rhizopogon sp.). But not of Pinus taeda
seedlings. Moreover, a particular adaptation in colonization by some ECM species
seems to occur, which may lead to community changes under decreased soil water
availability. Hence, ECM strains bring beneficial effects to plants even under drought
conditions and hence may find application in reforestation by relieving of drought
stress in plants. Symbiosis with C. geophilum is stimulated under low water content
as this fungus persists better under drought stress than others [5].

As mycorrhizal fungi that colonize plant roots grow into the rhizo-
sphere, there are microsymbionts such as endophytic fungi of genera Atkin-
sonella,Balansia,Balansiopsis,Echinodothis,Epichloë,Myriogenospora,Parepichloe
and Neotyphodium that exist in plant tissues and may grow within roots, stems
and/or leaves, evolving to sporulate on plant or host-tissue. The ericoids, dark
septate endophytes demonstrated increased colonization in ericaceous dwarf shrubs
under increased atmospheric CO2 concentrations [5]. In the case of Neotyphodium
coenophialum and its host, tall fescue Schedonorus phoenix, endophyte infection
stated to be higher under increased CO2 compared with ambient CO2. However,
CO2 enhancement did not affect the interfaces between host grasses and purpletop
grass, Tridens flavus and their endophytic–fungal symbionts, Acremonium lolii
and Balansia epichloe, respectively. The effect of CO2 on the host plant and its
endosymbionts may additionally change the plant carbohydrate content. This was
confirmed with N. lolii and perennial ryegrass (L. perenne), where infected plants
had higher carbohydrate contents than endophyte free plants, and was higher than
under ambient CO2 conditions. Elevated CO2 may lead to the increased existence
of endophyte infections resulting in overall effects on the ecosystem. Also under
elevated CO2 conditions associations between endophytic fungi and grasses defend
plants against insect herbivores. Soil warming may influence favorable associations
between plants and fungal endophytes. Temperature is a primary parameter that has
a significant influence on the endophyte appearance in plant tissue. The endophyte
infection of N. coenophialum of its host tall fescue S. phoenix was not obstructed by
warming. Warming increased the density of different fungal endophyte genotypes
within individual root sections of the plant without affecting the composition and
the richness of the community. Any changes in endophyte communities seen with
changes in temperature are attributed to the plant species diversity being affected by
warming, leading to effects on endophytic fungal communities. Endophytic fungi
provide a competitive advantage to their host plant by enhancing the resistance
to environmental stresses. Some endophytes can enhance plant growth during
drought change exposure. The fungal endophyte may increase water retention in
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the leaf sheath and therefore may protect the internal growing region from lethal
dehydration.

4 Effects of Climate Change on Saprophytic Fungi

Many saprophytic fungi decompose carbon in soil efficiently more than mycor-
rhizal fungi. There is clear confirmation that fungal community varies vertically
through the soil profile. Wood decay fungi, especially brown rot fungi and white
rot basidiomycetes colonize on standing dead or fallen woody debris. Surface litter
horizon is controlled by saprotrophic basidiomycetes and ascomycetes. Increase in
temperatures upon global warming may increase plant biomass imbalance if high
temperatures induce faster plant growth and soil nutrient mineralization. Warming
may stimulate carbon losses from the soil by increasing rates of decomposition by
the saprophytes. The saprophytic activity can be influenced directly through varia-
tions in temperature or precipitation or indirect effect as variations in soil moisture
[7]. Increasing temperature will also increase the metabolic rates of saprophytes,
thereby mobilizing the large carbon stocks in soil, and increasing soil respiration and
decomposition.

5 Effects of Climate Change on the Pathogenic Fungi

Plant pathogens differ in the degree of host specificity and in the amount of physio-
logical interactions they havewith their plant hosts, depending on theirmode of infec-
tion [8–11]. Necrotrophic pathogens that acquire nutrients from damaged host plants
have restricted interactions with the active metabolism of host plants [12]. However,
abiotic factors that lead or fasten tissue necrosis, such as increased O3levels, may
lead to infection by these types of pathogens [13]. On the other hand, biotrophic
pathogens, as obligate parasites, have increased periods of physiological interaction
with their hosts, as they develop nutrients from living cells [14, 15]. Therefore, the
factors that affect plant growth, such as elevated levels of CO2, may also affect the
colonization of host plants by biotrophic pathogens by altering in host physiology
[13–16]. Climate changes can also have direct effects on pathogens, in addition to
host plants [17–22]. Pathogen existence in the absence of a host plant (e.g. over-
wintering and over-summering) can be affected by temperature, the developments
of tuber production and germination and host infection and are usually controlled
by temperature and moisture conditions. Warming, rainfall events, or origination of
infections earlier in the season can lead to more damaging action. After infections,
temperatures and plant water capacity affect the rate of colonization of host tissues,
the production of new inoculum and the appearance of symptoms by the host. These
changes affect the pathogenicity of both biotrophic and necrotrophic pathogens, and
the host defense responses [23]. Some pathogens as Xylella fastidiosa can cause
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disease on a wide range of host plants whereas other pathogens can only infect a
narrow range of closely related plant species. Likewise, host defense responses can
range from non-specific stress-induced responses to very specific reactions based on
the presence of specific genes in both the host and pathogen.

Concentrations of CO2 and O3 have increased since the initiation of the indus-
trial revolution, and they will continue to increase in the 21st century. It is well
known that both elevated CO2 and O3 change plant function like photosynthetic
capacity, water-use capacity and growth of the crop. These parameters are increasing
with increasing CO2, but are reduced by increasing O3. These responses of plants
to climate change also affect the host-pathogen interactions. Improved photosyn-
thetic proficiency under increased CO2provides additional carbohydrate that results
in increasing starch and sugar levels in leaf tissue. Under elevated O3, levels of
starch and sugar decrease. Enrichment of sugar content of leaves of plants enhances
the sugar-dependent pathogens. The negative effects of increased O3 on plant phys-
iology, growth and yield lead to decreased photosynthetic capacity that results in
visible lesions, decreased leaf durability and premature leaf [23].

CO2 concentrations affect several rust diseases of cereal crops. Infections by
Puccinia coronata on oats, Puccinia dispersa on rye, and Puccinia graminis f.sp.
tritici andPuccinia recondita f.sp. tritici onwheatwere all enriched by concentrations
of CO2 in the 0.5–0.75% average [24]. Interestingly, soybean downy mildew, caused
by Peronospora manshurica, another biotroph, decreased under increased CO2 level
than on those grown with ambient levels of CO2 [23]. As this pathogen infects
through stomata, increased CO2 levels decreased the number of stomates per unit
leaf area thereby providing less infection sites. Higher CO2 levels also reduced the
time that stomata were open, which lead to a reduction of the degree of infection.
Increased CO2 levels. However, lead to increased colony formation of the powdery
mildew pathogen. These suggest that there are different mechanisms through which
CO2 levels regulate plant infections caused by biotrophic pathogens.

Soybean plants under elevated CO2 grew faster than those in the ambient CO2 and
were infected by the necrotroph, Septoria glycines, the causal agent of the brown
spot over the growing season [23]. Rice plants grown under increased CO2 con-
ditions showed an increased susceptibility of the leaf to the sheath blight disease.
Wheat plants under elevated CO2 levels demonstrated increased plant biomass as
well as increased biomass of the fungal pathogen, Fusarium pseudograminearum,
that causes crown rot in plants [13, 12]. These studies all support the idea that
increased CO2levels enhance greater plant growth, which in turn, lead to increased
disease levels of necrotrophic pathogens.

Increased CO2 level reduced leaf necrosis in potato (late blight of potato) caused
by Phytophthora infestans infection [23]. This was attributed to increased β-1,3-
glucanase activity under increased CO2 levels, this enzyme plays a role in disease
resistance. The greatest levels of resistance were observed when CO2was signifi-
cantly higher, and O3 concentration was significantly lower than the ambient con-
centration. As O3 levels increased to one or two times the ambient level, the positive
effects of CO2 decreased. Starch and soluble sugars increased in the leaves, and
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decreased in the tubers under an elevated level of O3, indicating that changed nutri-
ent quality of the leaves and translocation within the plant can influence disease
development under these conditions [23].

6 Effect of Climate Change on Soil Mycobiomes

Direct exposure to the sun in Upper Egypt resulted in significant changes to myco-
biomes. Thermophilic and thermotolerant fungi were significantly reduced in count
and number. Fungi that exhibited changes in number under the tested conditions were
Alternaria alternata, Cochliobolus spicifer, Emericella nidulans v. dentata, E. nidu-
lans v. lata, E. nidulans v. nidulans and E. rugulosa, Rhizopus stolinifer, Fusarium
chlamydosporum, F. dimerum and Gibberella fujikuroi var. fujikuroi (anamorph),
Cochliobolus sativus, Gliocladium roseum, Melanospora zamiae and Nectria heam-
atococca (anamorph), Aspergillus fumigatus, A. flavus and A. niger [25]. Climate
change affects not only the fungal diversity but also spore dispersal, sporocarp fruiting
and inter-specific fungal interactions in the fungal community. All these determine
the landscape of agricultural land [26]. Fungal community composition shifts accord-
ing to the richness of soil and is dependent on the level of carbon in the soil. The
richness of Ascomycota increases at a warmer temperature and dry weather, while
the richness of Cryptomycota deceases under the same conditions. Changes in the
community are also dependent on the moisture content in soil [27].

7 Direct Impact of Changing Temperatures on Fungi

Microbial interaction among themselves andwith plants shapes the agricultural land-
scape and productivity [28]. Soil fungi comprise a huge portion of soil and play an
important part in carbon breakdown. Plant-associated fungi produce the majority of
lignin degrading enzymes such as ligninase and chitinase that are responsible for
plant decomposition, that increases the availability of nutrients such as nitrogen and
phosphorus in soil. Since fungi are sensitive to changes in air temperature and mois-
ture, the alterations of these parameters upon climate change can alter their metabolic
activity. Several reviews have focused on the impact of global environmental changes
on plants and other terrestrial ecosystems. However, mycorrhizal fungi and their role
in carbon sequestration in soils have been poorly studied despite their critical role
[29]. An increase of 5 °C can result in a 2.75 fold increase of Mucoromycotina [30].
Increase in temperature also increases the activity of saprophytes thereby decreasing
the availability of carbon and increasing carbon dioxide release in the soil. Increase in
temperature also affects the extracellular enzymeactivity (EEA).Themain hydrolytic
enzymes involved in labile to intermediate C decomposition are α-glucosidase (AG)
that degrades starch, ß-glucosidase (BG) and cellobiohydrolase (CBH) that degrade
cellulose and ß-xylosidase (BX) that degrades hemicellulose. The change in their
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Fig. 1 Representation of
possible scenarios for
climate change impact on
soil fungi

enzymatic activity depended on both temperature and precipitation [27]. While ele-
vated temperatures influence soil fungi growth patterns, lower temperatures (below
30 °C) can increase their secondary metabolism, a process that results in an array
of natural products. These metabolites, in turn, can have a significant influence on
soil microbial communities and their chemical interactions. Figure 1 is a schematic
representation of possible scenarios taking place under climate change.

8 The Need for Modern Tools for Monitoring Climate
Changes and Some Closing Remarks

Screening and measurement of rhizosphere biomarkers due to microbial metabolites
needs more attention and concern. The agriculture in Egypt needs more attention to
Precision Farming (PF) which is an emerged management practice with the potential
to increase profits by utilizing more precise information about agricultural resources
through sensing and communication technology [31], a possible PF solution using
Wireless Sensor Network (WSN) technology. Wireless sensor network (WSN) can
perform an autonomous measurements of microbial metabolites in rizhosphere (root
exudates) [32]. WSN technology is one of the modern used greenhouse tools, it
is considered one of the main support in decisions. The obtained data could be
remotely collected by sensor nodes networked to actuators for both alarming and
corrective actions to be taken at any point of the greenhouse (point-of-care devices).
Development of different sensors for both greenhouse environmental parameters or
rhizosphere microbial biomarkers are successfully deploymented. Ease of locating
sensor nodes according to needed monitored points is one of the main advantages of
WSN technology, formore precise corrective actions compared to the cabled systems
[33]. Moreoever, the local aquaponics industry still faces a lot of problems related to
the degraded and uncontrolled water quality [34–39]. Real-time data can be accessed
from the remote site and analyzed and a real-time reaction taken upon it. Climate
change is not temporary but rather a ubiquitous continuous and unpredictable change.
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Engineering and animal science researchers have to cooperate and activate direc-
tive 97-12 and regulation 178-2002 to monitor and control farms for food safety
and security, public health, animal health, and welfare. Sensors based on molecular
imprinting [40] creates template-shaped cavities in polymermatriceswithmemory of
the template molecules with the samemerits as of Lock and the Key theory/paradigm
and are of great applications. Since the 90’s, chemists succeeded in preparation of
imprinted polymers (artificial receptor/plastic antibody) that imitating/mimicing bio-
logical natural molecular recognition explained by Lock and the key theory in the
early 40’s. In the last decade, the use of molecularly imprinted polymers (MIPs) in
sensors have played high recognition ability, known as plastic antibodies, to extract
target analytes from complicated sample matrices [16].

Analytes are inorganic elements up to macromolecular biomarkers of air, water
and soil quality parameters of valuable insight into the status of both crops and fish
in a highly localized way in integrated greenhouse farming like aquaponics strategy.
Incorporation of MIP technology as advanced materials in sensor development and
WSN leads to innovations in smart systems flourishing applications of precision
agriculture Fig. 2.

The integrated system provided theoretical support for establishing data integra-
tion network and general framework solution of data collection for recirculation
aquaculture via wireless sensor networks. The WSN is sensors-based connected to

Fig. 2 WSN system in greenhouse for air, water and soil quality parameters control
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Arduino microcontroller with built-in memory and RAM, and Zigbee is a speci-
fication for a suite of high-level communication protocols using small, low-power
digital radios based on an IEEE 802 standard networks. Remote wireless sensor
nodes through the integration with GSM were tested [34–36] and the high rate of
return on investment (ROI) on WSN’s control has attracted a large number of small
to middle-level agricultural investors and stakeholders who tend to have a more sci-
entific background than traditional farmers. WSN is currently being used as a means
to address and raise awareness as to what governmental decisions to be taken on the
National level to become self-reliant in producing its own food. Moreover evaluat-
ing economical potentials, in return would definitely provide the user with means to
examine and assess the profitability of the system under many alternative scenarios
[10].

Other technologies such as Global Positioning Systems (GPS) and Geographic
Information Systems (GIS) are also used to compete for the picture by obtaining
accurate maps and models for the agricultural field [41]. GIS uses an analytic frame-
work to manage and integrate data, solve problems and understand a past problem
or predict an upcoming one. Remote sensing and actuation have become a solution
to rectify a problem. In conclusion, more effort is needed from scientists and poli-
cymakers to understand the impacts of climate change and mitigate its detrimental
effects on agriculture and the quality of life. Multi-factorial ecological studies are
essential for increasing this understanding.

9 Conclusions

Whether we like it or not, climate change will continue to occur in the future laying
its heavy impact on every agricultural-related element. To overcome the effects of
climate change and find solutions to reach food security, it has become very crucial
to use Information Communication Technology (ICT) tools such as wireless sensor
networks and actuators to predict the change by making important decisions ahead,
these ICT tools are perceived now as indispensable tools for precision farming in
Egypt. Decisions of where what and when to plant, as well as planning irrigation
scheduling and fertilization, will soon be automated decisions required to reach
the highest crop yield, and thus closing the food gap. On the other hand, finding
solutions to shifts in soil microbial community and deterioration of plant produce
under extreme climate conditions can be addressed using biotechnology tools such
as genetic modification, stress tolerance induction, and synthetic biology to obtain
new breeds that tolerate climate change increase productivity or enhance carbon
sequestration.Molecular biology is expected to play another rolewhich is developing
new tools for solar energy conversion because a huge percentage of CO2 emissions
are attributed to agricultural emissions. Harnessing the energy from photosynthesis is
also another biotechnology application that will add an ecological dimension through
mitigating greenhouse gases produced fromconventional energy production, thiswill
consequently aid in preserving the environment and biodiversity.
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10 Recommendations

– Integrate multidisciplinary sciences to solve climate change problem.
– Increase the awareness of farmers through media and directed workshops.
– Use Information and Communication Technology for precision farming and smart
decision.

– Decision support should include local, regional, national and international levels.
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Impacts of Climate Change on Microbial
Activity in Agricultural Egyptian Soils

Samy Abd El-Malik Mohamed Abd El-Azeem

Abstract Egypt’s agriculture sector is highly vulnerable to climate change and its
exposed to environmental threats in different faces such as energy, water and food
security. Specifically, climate change is possible to change plant species composi-
tion, abundance and function of soil community, and plant-microbe interactions that
together affect the quality of agricultural soils. For microorganisms inhabiting Egyp-
tian soils, some insight has been exposed to high temperature and accumulating of
carbonates and soluble salts in Aridisols (desert soils), and the other inhabiting in
alluvial soils (Entisols) in the Nile Delta and the Qattara Depression of the west-
ern desert. Egyptian soils have a great diversity of microorganisms such as bacteria,
actinobacteria, fungi and arbuscular mycorrhizal fungi that play an important role in
nutrient cyclings. Unfortunately, the soil is a complex habitat for microbial growth,
and the structure and function of microorganisms are tremendously complex in the
soil. These complexations lead the difficult to predict the effects of climate change
on the activity of Egyptian soil microorganisms. Climate change will have direct
and indirect effects on soil microbial activity. Climate changes include increasing
temperature, elevated or increasing the concentration ofCO2, rise changing soilmois-
ture content, increasing of soil salinity, and drought. These changes led to reversely
impacted soil microbial communities that affect biogeochemical cycles of nutrients
in agricultural soils. Therefore, understanding of microbial activity in the soil is
essential for our ability to evaluate the necessity of biogeochemical cycles-climate
feedbacks. Soil microbial activities play an important role in increasing soil fertil-
ity and recycling of nutrients within the soil. Activity in soil microorganism and/or
enzyme is significant as a sensitive indicator of soil biological quality. These activities
are informative to determine changes in soil biochemical properties that are affected
by environmental stress from natural phenomena or anthropogenic activities. In this
chapter, we review the currently available researches regarding the impact of climate
change on soil microbial activity, especially in Egyptian soils. Soil microbial activity
includes microbial populations, microbial biomass, enzymes activity, soil beneficial
microorganisms and carbon sequestration in Egyptian soil.
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1 Introduction

Climate is the principal of all environmental aspects, it controls not only the growth
and development of the plants but also their geographical distribution. Therefore, the
main crops type and soil properties particularly biological features are correlated to
the different climatic conditions [1]. Egypt is in the northeast of Africa extending
approximately between 22° and 31°36′ N and 25° and 35° E with an area of approxi-
mately one million km2. It is bounded by the Mediterranean Sea to the north and the
Red Sea to the east. Egypt is generally homogeneous with low relief. The altitude
varies gently from 133 m below the mean sea level (Qattara Depression) to nearly
2500 m (Southern Sinai), with an average of 306 m. Southern Sinai and the Red
Sea hills are the most elevated areas, representing a topographic barrier for maritime
influences from the Red Sea. The climate of Egypt is an arid or desert climate and
generally characterized by moderate and rainy winters, hot and dry summers and
a relatively high number of sunny hours (10 h day−1). The annual average rainfall
ranging from 60 to 190 mm along the Mediterranean coast to 25 to 60 mm in the
Nile delta, and less than 25 mm in upper Egypt and adjacent areas. The rainy season
extends only from September to April. The average maximum and minimum tem-
peratures are 33.3 and 21.1 °C, respectively. January (July) is the coldest (warmest)
month with an average temperature of 19.3 °C (33.9 °C). The maximum temper-
atures in summer commonly exceed 30 °C, while winter minimum temperatures
rarely fall below 5 °C [2]. The general features of the soils of Egypt are very close
to climate and vegetation in this region, for example, low organic matter and biolog-
ical activity [1]. Changes in temperature and precipitation in Egypt were estimated
using General CirculationModel (GCM). This model is accoupled gas-cycle/climate
model that drives a spatial climate change scenario generator. The GCM estimates
of temperature and precipitation changes in Egypt (Table 1).

Table 1 General circulation model estimates of temperature and precipitation changes in Egypt

Year Temperature change (°C) mean
(standard deviation)

Precipitation change (%) mean (standard
deviation)

Annual DJFa JJAb Annual DJF JJA

2030 1.0 (0.15) 0.8 (0.21) 1.1 (0.18) −5.2 (7.93) −8.9 (3.01) 10.7 (26.35)

2050 1.4 (0.22) 1.2 (0.30) 1.7 (0.26) −7.6 (11.46) −12.8 (4.35) 15.4 (38.07)

2100 2.4 (0.38) 2.1 (0.52) 2.9 (0.45) −13.2 (19.95) −22.3 (7.58) 26.9 (66.28)

Source Agrawala et al. [3]
aDJF is December, January, and February
bJJA is June, July, and August
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Fig. 1 Greenhouse gases
(GHG) emission in Egypt by
sector. Source El Massah and
Omran [4]

Greenhouse gas (GHG) emissions ofEgypt, carbondioxide (CO2),methane (CH4)
and nitrous oxide (N2O), are considered minor and representing only 0.53% of the
total world emissions in 2005. However these emissions have increased dramatically
by around 82% in only 15 years. The main source of GHG emissions in Egypt is
the energy sector and releasing about 75% of the total emissions in 2005 followed
by the agricultural sector, industrial process, and waste (Fig. 1). Accordingly, the
agricultural sector is the second largest emission sector in Egypt [4]. Therefore,
changing of climate change especially increased the emission of CO2 could affect
soil biological activities.

Egyptian soils have a great diversity of microorganisms such as bacteria, acti-
nobacteria, fungi and cyanobacteria as well as arbuscular mycorrhizal fungi [5, 6].
These microorganisms play a crucial role in agricultural ecosystems through their
functions in nutrients cycling, soil-plant-microbe’s interactions and transformations
of soil organic matter. Additionally, numerous studies in Egypt indicated that the
Egyptian soils contain beneficial plant growth promoting microorganisms (bacteria
and fungi) that can be colonized plant roots and enhanced plant growth, yield, nutri-
ents status in soil [7]. For instance,Hanna et al. [8] demonstrated that the considerable
diversity of culturable endophytic diazotrophs bacteria in the plant-soil systems of
north Sinai deserts. These results indicated that the possibility of these bacteria for
future application as biofertilizers and biopesticides. Under greenhouse pot exper-
iment, Abd El-Azeem et al. [9] found that the inoculation of eggplant seedlings
with local plant growth promoting rhizobacterial strains lead to reduce the negative
effects of salt stress using sandy soil from Ismailia, Egypt. Indeed, without or scarce
of these microorganisms in agricultural soil ecosystems, the agriculture and food
production are not existing. Unfortunately, climate change and soil mismanagement
have the potential to affect themicrobial activity in agricultural soils in different loca-
tions in Egypt. Climate change will have direct and indirect effects on soil microbial
communities and their biogeochemical processes that they underpin.

Previous studies have been investigated the effect of climate changes on soil
microbial activity. Some of the microbiological activities were assessed in these
studies such asmicrobial populations or communities [10, 11], soilmicrobial biomass
[12], soil microbial respiration [13, 14], the activity of soil enzymes [15, 16], soil
nutrients transformations [17–19].
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In Egypt, 93% of the cultivated soils are affected by salinization and waterlog-
ging [20]. The distribution of water within a soil profile and its content in the soil are
changed according to rainfall cycles during the season, soil temperature and irriga-
tion periods. In summer particularly in arid and Mediterranean climates like Egypt
ecosystems, surface soils have frequently exposed to dry long period followed by a
relatively quick wetting. These conditions created two water stresses for microbial
activity, the reducing water potential in drying soils and suddenly increase water
potential after rewetting soils. Indeed, the moist and well-aerated soils are the opti-
mum conditions for microbial activity, whereas the dry soils led to a decrease in the
degradation of soil organic matter and respiration rates [20]. Additionally, Drying
and rewetting soils may alter the microbial populations and compositions, indicat-
ing that some microbial species or groups are more vulnerable to the drying and
rewetting stress than others. On the other hand, flooded soils may also decrease the
decomposition rate of organicmatter due to restricted aeration through decreasing the
oxygen diffusion in water [14]. As there is no information available on the responses
of Egyptian soil microorganisms to climate changes. In this chapter we will discuss
the impact of climate change on belowground microbial community structure and
function.

2 Soil Microbial and Enzyme Activities

Soilmicrobial activity plays an important role and themain source of the biochemical
activities in the agricultural soils. The execration of root exudates in the rhizosphere
lead to change the counts and community of soil microorganisms. Therefore, the
type of cultivated plant species will affect the activity of soil microorganisms due
to their different kinds of root exudates like low or high molecular weight organic
compounds [21]. Biochemical processes or reactions affect the transformation and
biogeochemical cycles of nutrients in soils. Soil microorganisms, plant roots, and
soil animals have been mediated by biochemical processes. The mineralization of
organic matter and nutrient cycles are conducted by a hugemicrobial community and
involves a wide range of biological processes [22]. These processes are catalyzed
by enzymes that produced by soil microorganism, plant and animal residues. Soil
enzymes activities are classified into exoenzymes released from the living cell (free
enzyme) and endoenzymes released from disintegrating cells, and enzymes bound to
cell constituents. Soil exoenzyme is adsorbed on organic and mineral components or
complexed with humic substances, or both and accumulated in soils [23]. The exoen-
zymes play a vital role in the degradation of organic macromolecules such as cellu-
lose, hemicellulose and lignin, while endoenzymes mineralized smaller molecules
like sugar and amino acids [24]. Therefore, several studies on soil enzyme activ-
ities have been conducted depending on measuring the rates of enzyme-catalyzed
reactions in soil samples. The soil enzymes of β-glucosidase, ureases, phosphatases,
and arylsulfatase are representatively being considered to trace the cycles of C, N,
P and S in agricultural soils, respectively. The measured activity of the enzyme was
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Table 2 Some substantial soil enzymes and their functions

Enzyme Function Reaction Microbial activity
indicator

Amidase Hydrolysis of C–N
bonds other than
peptide bonds in
linear amides

R-CONH2 + H2O
→ NH3 + R-COOH

N-cycling

Urease Hydrolysis of urea
into ammonium and
carbon oxide

Urea + H2O → CO2
+ 2NH3

N-cycling

Phosphatase Hydrolysis of
ester-phosphate bond
and release of
phosphate

RNa2PO4 + H2O →
R-OH + Na2HPO4

P-cycling

Sulfatase
(arylsulfatase)

Hydrolysis of
organic-sulfate ester
releasing inorganic
sulfate

R-O-SO−
3 + H2O →

R-OH + H+ + SO2−
4

S-cycling

β-glucosidase Hydrolysis of
cellulose

Glucoside-R + H2O
→ glucose + R-OH

C-cycling

Dehydrogenase Electron transport
system

XH2 + A → X +
AH2

Endoenzyme

Source Acosta-Martinez and Tabatabai [25], Gianfreda and Ruggiero [26], Skujins [27]

significantly correlated with some soil microbial parameter like microbial biomass
and respiration [22]. Dehydrogenase is an endoenzyme and used as bioindicators
and relating to soil fertility. The dominant soil enzymes that play a vital role in the
decomposition of organic compounds and nutrient cycling in the soil are summarized
in Table 2.

Soil microorganisms such as bacteria, fungi, actinobacteria, mycorrhizae and
cyanobacteria have the enzyme of urease. This enzyme plays an essential role for
degradation or hydrolysis of organic matter in agricultural soils. For example, El-
Shinnawi [28] studied the activity of urease in different Egyptian soils treated with
0 and 5% farmyard manure and adjusted moisture at 50, 65 and 80% of the water
holding capacity (WHC). He found that the activity of urease is very varied based
on the soil type and the order of activity was the following: fertile, saline, alkali,
calcareous, and sandy soil. Application of farmyard manure led to slightly increased
the urease activity, and the optimum of moisture is 50% of WHC for the tested
soils. These findings are in agreement with a study of Elsoury et al. [29], showing
the addition of compost or farmyard manure significantly increased soil microbial
biomass when compared to mineral fertilizers. The activity of urease, phosphatase
and dehydrogenase significantly increased in wheat rhizospheric soil treated with
organic amendments when compared to mineral fertilizer under field experiment in
Burg El-Arab region, Egypt. The degradation of plant and animal organic nitrogen
wastes in soils using urease-producing microorganisms leads to eliminate the vast
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wastes and soil pollution and provide the plantwith available nitrogen simultaneously
[30].

Plant growth promoting rhizobacteria, mycorrhizal fungi and phosphate solubi-
lizing bacteria are applied as biofertilizers, biocontrol agents and/or phytostimulators
in Egyptian agricultural system. These microorganisms can be colonized plant roots
and promoted plant growth and yield as well as increased nutrients availability in
soils especially N and P [31, 9, 7]. In soils with a low P bioavailability such as Egyp-
tian soils, free-living P-solubilizing bacteria could release P ions from sparingly
soluble inorganic and organic P compounds, and thereby contribute to an increase
in the soil P pool that is available for the extraradical mycelium of the arbuscular
mycorrhizal fungus and that can be transferred to the host [32, 33]. Unfortunately,
soil enzyme activities and biochemical processes in agricultural soils will impact by
climate change especially in arid climatic regions. Also, climate change affects the
performance of plant growth promoting microorganisms. In the following section,
we will describe the response of microbial activity to changes in temperature, CO2

concentration, moisture content and salinity.

3 Response of Microbial Activity to Climate Change

Egypt is mostly located in the region that is highly vulnerable to climate change
impact. Additionally, it is typically lack technological expertise and financial
resources for adaptation to climate change or its mitigation. The impact of climate
change on beneficial plant-microbe interactions has recently received considerable
attention [34]. In the following sections, we discuss the effect of climate changes
such as temperature, elevatedCO2, soilmoisture content and soil salinity onEgyptian
soil microbial activities like the population of soil microorganisms, soil microbial
biomass and respiration, and soil microbe-plant interactions.

3.1 Effect of Temperature

Natural and/or anthropogenic activities increased atmospheric CO2 levels, resulting
in increased the temperature of the global surface about 1.8 and 3.6 (4–7) °C by the
year 2100 [35]. For instance, increased temperature by 5 °C in a temperate region
changed the relative abundances of soil bacteria and increased the bacterial to the
fungal ratio (B/F ratio) of the community [36]. As the climate warms, the populations
of soil microorganisms must adapt or die. In the soil microclimate, soil temperature
can influence on enzyme pool sizes through their effect on the activity of enzymes,
microbial efficiency and availability of substrate. Therefore, the overall and specific
rate of enzyme production and the relative rate of various soil enzymes will also be
affected as soil temperature increase [37].According to Stone et al. [38] the activity of
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themicrobial extracellular enzyme (α-glucosidase,β-glucosidase,β-xylosidase, cel-
lobiohydrolase, andN-acetyl-glucosaminidase) is more sensitive to nitrogen applica-
tion and change of soil temperature. They also found that nitrogen-decaying enzymes
have lesser sensitive to temperature than carbon-decaying enzymes. This finding can
be attributed to the soil warm led to an increased nitrogen limitation, resulting in
an increase in the production of nitrogen-decaying enzymes by soil microorganisms
when compared to the production of carbon-decaying enzymes [39]. On investigating
such areas, Gao et al. [12] showed that increased microbial biomass C and signifi-
cantly promoted the activity of enzymatic hydrolysis of lignin and acid phosphatase
as a result of short-term simulated soil warming and the addition of nitrogen fertilizer
in the subtropical province, China.

Several previous studies have demonstrated the direct positive effect of warm-
ing climate on the colonization, community and structure of arbuscular mycorrhizal
(AM) fungi [34, 40]. Additionally, soil temperature affects carbon allocation within
arbuscular mycorrhizal networks and carbon transport from plant to fungus. For
example, Hawkes et al. [41] evaluate the influence of soil temperature on the com-
munity of different species from AM fungi associated with Plantago lanceolata and
their structure. They postulated that increased soil temperature from 14 to 26 °C
significantly changed the structure and allocation of the AM fungi hyphal networks
and induce a switch from more vesicles (responsible for storage) in cooler soils to
more extensive extraradical hyphal networks (indicating growth) in warmer soils.
Other researchers, for instance, Gavito et al. [42] and Heinemeyer and Fitter [43]
also observed that higher temperature (24–30 °C) leads to promote the root coloniza-
tion by AM fungi, more extensive extraradical mycelium, and more glucose uptake,
nevertheless the optimum temperature was varied based on species of AM fungus.
According to these authors, these effects were due to faster carbon allocation to the
rhizosphere and increased respiration of the extraradical mycelium as increase soil
temperature. These effects in the biomass of AM fungi are very important as AM
fungi play an essential role in the plant, plant nutrition, community and ecosystem
responses to world change.

Similarly, with AM fungi, soil temperature has a negative or positive effect on
the performance of plant-beneficial bacterial, indicating bacterial genotype-specific
favorite’s temperature conditions [44]. These authors observed the shoot and root
of winter wheat significantly increased when inoculated with Mycobacterium sp.,
Pseudomonas fluorescens and Pantoea agglomerans strains at 16 °C when com-
pared to 26 °C in the loamy sand. On the other hand, Mycobacterium phlei and
Mycoplana bullata performed well under both temperatures. Under Egyptian arid
conditions, high soil temperature has a positive or negative effect on the perfor-
mance of free-living bacteria and the life of rhizobia. The optimum temperature for
growth in the medium is 28–30 °C, and many are unable to grow at 38 °C. Never-
theless, some strains of rhizobia from the woody legumes are grown well at 40 or
44 °C. Additionally, increased soil temperature leads to form ineffective nodules,
but R. leguminosarum bv. Phaseoli exhibit higher heat tolerance and can form effec-
tive nodule with their host legumes [45]. In Egyptian soils, the optimum activity of
nitrogen-fixing Azotobacter and Clostridium occurred when soil temperature raised
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to around 30 °C, while increased soil temperature over this degree is suitable for
Clostridium than Azotobacter [46]. Most of the studies reported that soil microor-
ganisms have a different response to elevated temperature or global changes. For
instance, the populations of bacteria (Gram-positive or -negative bacteria) increased
with increased temperature, may be due to declining the availability of substrates.
However, fungi and actinobacteria biomarkers decreased at higher temperatures [47].
It has been indicated that the nitrification activities in the subtropical Egyptian clay
loam soil increased with temperature and showed the maximum rate at 30 °C. The
optimum temperature for the potential activation and population size of ammonium
oxidizing or nitrite oxidizing bacteria, nitrate reducing bacteria and most probable
numbers is 25 or 30 °C and exhibited apparent activation energies between 61 and
202 kJ mol−1. However, a few nitrifiers and denitrifiers were also able to grow at 8
or 50 °C [48].

3.2 Impact of Carbon Dioxide

The Egyptian Central Agency for Public Mobilization and Statistics mentioned that
the amount of carbon dioxide (CO2) emissions from the consumption of oil products
and gas in Egypt is 197.1 million tons in the year 2014 and increased to 299 million
tons in the year 2015 [49]. The CO2 is the most abundant and important well-mixed
greenhouse gases contribute to human-induced climate change and responsible for
74% of global warming over the past decade [50]. Increasing atmospheric CO2

concentration and simultaneous rises in temperature are influencing the global cli-
mate, henceforth affecting growth, development and functioning of plants [51]. The
response of soil microbial activity to changes in atmospheric CO2 concentrations
is mainly indirectly and can be positive or negative, and consistent overall trends
between sites and studies have not been observed. Moreover, the primary effects of
the increased concentration of atmospheric CO2 include increased belowground C
allocation (root biomass and root respiration) to the root zone, changed the compo-
sition of root exudates, altered C/N ratio and impact on soil nutrients status [52].
For example, Soussana and Hartwig [53] found that increased the concentration of
atmospheric CO2 led to an increase the C:N ratio of plant residues and exudates,
resulting in temporary N-immobilization and reduce the availability of soil nitrogen.
Soils exposed to elevated CO2 had higher relative abundances of fungi and higher
activities of a soil carbon degrading enzyme that led tomore rapid rates of soil organic
matter degradation than soils exposed to ambient CO2. The isotopic composition of
microbial fatty acids confirmed that elevated CO2 increased microbial utilization
of soil organic matter. These results illustration how elevated CO2 through altering
soil microbial communities, can cause a potential carbon sink to become a carbon
source [54]. Soil enzymes activity, community structure and microbial total biomass
also have shown highly varied responses to elevated CO2. For instance, Niklaus [55]
investigates in situ effects of elevated CO2 on soil microbial biomass and activity
in a nutrient-poor calcareous soil exposed to long-term CO2 enrichment. He found
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that soil basal respiration was significantly increased by 14%, while the metabolic
quotient for CO2 (qCO2) (basal respiration/microbial C) was not statistically signif-
icant differences by elevated CO2 treatments. Microbial biomass C and soil organic
C and N were not significantly affected by elevated CO2, and microbial biomass N
increased by 18%. According to Dijkstra et al. [56], elevated CO2 increased labile
C and microbial biomass, but had no effect on net N mineralization, respiration of
more recalcitrant C, or total soil C and N.

The previous literature indicate that in many systems exposed to elevated CO2,
mycorrhizal fungi can be sequestering the large amount from C in living, dead, and
residual hyphal biomass in soil [57]. Increasing CO2 had a positive effect on the
populations of endo/or ectomycorrhizal fungi, while the effect of elevated CO2 on
plant growth promoting bacteria and endophytic fungi were more variable (Posi-
tive, neutral or negative) based on the study conditions. In general, plant-associated
microorganisms had a positive or beneficial effect on the plant under elevated CO2

[34]. Extraradical hyphae and percentage root length colonized inAMfungi in aman-
ner proportional to the plant response under elevated CO2 increased [58]. Increased
atmospheric CO2 concentration is much more affected by the rhizosphere zone than
the bulk soil. The productionCO2 in the rhizosphere by soilmicroorganisms and plant
roots is promoted by elevated CO2 concentration andmay be higher than the increase
in root biomass [59]. Previous studies indicated that the abundance of arbuscular and
ectomycorrhizal fungi in the rhizosphere had a positive response to elevated CO2,
whereas plant growth-promoting bacteria and endophytic fungi have so susceptible
response to elevated CO2. Additionally, beneficial effect on plant growth due to use
plant-associated microorganisms will increase under elevated CO2 [34]. The growth
of mycorrhizae on plants have been positively or negatively response to elevated CO2

concentration, and these responses are varied based on the differences in plant and
fungal species under investigation.

Increased CO2 attributed to the increase in soil respiration can have a poten-
tially negative impact on soil C sequestration, but increased atmospheric CO2 led to
an increasingly global ecosystem C storage [59]. Previous studies investigated the
potential of C storage of reclaimed soils under organic management. For instance,
Luske and van der Kamp [60] investigated the potential of C storage of reclaimed
desert soils in Egypt under two organic farms owned by Sekem (1–30 years in use).
They showed that the reclaimed desert soils sequester C very quickly in the first few
years after land reclamation. However, the rate of C sequestration is decreased after
several years. Soil C storage increased from 3.9 to 28.8–31.8 tons C ha−1 in 30 years
of organic agriculture. The effect of short (2030), medium (2050) and long-term
(2100) climate change on soil organic carbon stock was studied by Muñoz-Rojas
et al. [61] at different soil depths in a Mediterranean arid area (El-Fayoum, Northern
Egypt) for different land use type. The result demonstrated that the evaluation of soil
organic C contents and dynamics lengthways the soil profile and the potential for
soil C sequestration, especially in the subsoil.
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3.3 Impact of Soil Moisture Content

Water is a critical factor in global change. Egypt has been suffering from severe water
scarcity in recent years, and according to the United Nations classification, Egypt
falls into the category of high-water stress countries. The status of soil water can
be described as soil water content and potential. Soil water content indicates how
much water is present in soil (water balance), whereas soil water potential relates
to the energy level by which the water is held in the soil (water movement). Thus,
soil matric potential may be considered an important measure of water availabil-
ity, whereas soil moisture content may appear to be a more useful parameter when
water availability is not limiting for microbial activity [62]. Soil moisture content
is changed based on time, space, a form of wet-dry cycles, flooding and drought
[52, 14]. The general interaction between soil moisture and oxygen (O2) concen-
trations is intuitively clear for predominate aerobic or anaerobic conditions due to
regulating O2 diffusion. Therefore, the relationship between soil moisture and soil
microbial activity is more greatly variable and complicated than that of temperature.
For instance, high soil moisture content leads to decrease the diffusion of O2 in water
in which the activity of aerobic microbes is declined, but these conditions led to an
increase the activity of anaerobic microbes [14]. The maximum of aerobic microbial
activity occurred at moisture levels between 50 and 70% of water-holding capacity.
At high moisture content (matric potential > −0.01 MPa) decreases rates of organic
matter decomposition, due to a low oxygen supply, while low soil moisture decreases
microbial activity by reducing diffusion of soluble substrates, microbial mobility and
intracellular water potential [19].

Soil microbial activity is sensitive to changes in soil moisture, but the mecha-
nisms suppressing microbial activity under dry conditions continue to be debated.
Soil microbes are substrate limited because solute diffusivity is halted due to the
breaking of water film continuity under dry conditions. Therefore, the rates of soil
microbial respirationwere declinedwith decreasing soil moisture content to the point
that the effective soil microbial activity is halt. This “water stress”moisture threshold
corresponds to water potential −15 MPa in disturbed soil samples, regardless of the
climate of origin of the soil and its texture [13]. It has been recently indicated that
the precipitation affecting microbial communities and vary with moisture content.
Precipitation led to a decrease in soil bacterial diversity in the Mediterranean region
compared with arid sites. Using phospholipid fatty acids, real-time quantitative PCR
and terminal restriction fragment length polymorphism fingerprint analyses, Bachar
et al. [63] indicated that although soil bacterial abundance decreases with precip-
itation, bacterial diversity is independent of precipitation gradient. Moreover, the
composition of the bacterial community was found to be distinct to each site along
the rainfall gradient. Specifically, in Egyptian agricultural soil, the effect of soil water
content on the degradation of cellulose has not been well investigated, and few stud-
ies have been conducted on the cellulolytic activity of soil fungi. However, Badran
and Abdel-Rahiem [64] found that the highest population of cellulose-decomposing
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fungi was observed in soil amended with sugar cane straw at 60% water content, but
the lowest was in soil mixed with broad bean straw at 100% water content.

There are several mechanisms or physical processes affecting soil microbial activ-
ity that vary with moisture content. Drought is one of the major constraints on
agricultural productivity Egyptian and worldwide and the most common environ-
mental stress that soil microbes experience. The drought had negatively or positively
effect on mycorrhizae development and their root colonization. In general, drought
reduced the colonization by mycorrhizae. However, this kind of response is varied
based on the type of strain as reported by Davies Jr. et al. [65], who demonstrated that
drought enhanced the formation of arbuscular and hyphal development of Glomus
sp. Strain ZAC-19, while reducing the root colonization byGlomus fasciculatum. On
the contrary, the results from some studies obtained specific adaptations of certain
mycorrhizae strains to drought conditions [66]. On the other hand, drought has an
adverse effect on soil enzyme activities, which direct influence on the potential of
photosynthetic production or indirectly effect on water use efficiency and nutrient
availability inMediterranean regions. For example, Sardans and Peñuelas [16] stated
that the activity of soil enzymes like urease, protease, β-glucosidase and acid phos-
phatase was decreased under drought conditions, but the activity of alkaline phos-
phatase not significantly affect. Moreover, Elwan and Mahmoud [67] investigated
the response of the bacterial population to the edaphic drought of the Egyptian desert
in summer. They found that spore-forming bacteria such asBacillus subtilis,Bacillus
licheniformis and Bacillus megaterium have predominated in the soil and can sur-
vive drought conditions. Water stress was also affecting nitrification activity through
decreased the substrate availability and triggering of physiological changes (down-
regulation of basic metabolism and upregulation of stress-related gene expression)
to tolerate the induced osmotic changes. However, little information occurs about the
differences between ammonia oxidizing bacteria (AOB) and archaea (AOA) during
the initial stage of moisture stress. In this regard, Vasileiadis et al. [68] suggested that
the reduction of soil moisture content from 87 to 50% of the water holding capacity
leads a ~99% reduction of AOB but not of AOA amoA transcripts that did not change
significantly.

3.4 Impact of Soil Salinity

Soil salinity is one on the main environmental factors responsible for the decreasing
productivity of a wide variety of crops in an arid and semi-arid area of the world that
would challenge with their food production in the 21st century with climate change
[69]. Unfortunately, saline, saline-sodic, and sodic soils have a strong presence in
the Nile delta soils and represent an average of 37% of the total Egyptian cultivated
soils.

Numerous studies indicated that saline stress in agricultural soils due to the
irrigation practices and the application of chemical fertilizers. Therefore, several
researches have been conducted to evaluate the detrimental effect of salinity on the
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soil microbial counts and their activities on natural or synthetic saline soils. In recent
decades, increased soil salinity has been a critical problem in the agricultural soils of
Egypt due to increasing the salinization of soils and ground waters [70]. Increasing
soil salinity led to an increase in soil osmotic potential in water and nutrient uptake
by plants, poor aeration and a decrease in water permeability. These conditions
may affect soil microbial activities such as soil enzyme activities, reduce microbial
community structure and biochemical functioning in soil [15]. Also, increased soil
salinity has a negative impact on the sustainability of beneficial soil microorganisms
associated with plant rhizosphere. These negative impact can be attributed to adverse
effects of toxic salts and lose soil aggregates and soil structure that leading unsuitable
habitat or niches for soil microbial growth [71].

Soil enzymes play an essential role in soil biochemical transformation and nutri-
ents cycles that related to soil fertility and quality. They play a fundamental role
in the decomposition of organic residues, the formation of organic matter and in
intercellular metabolic reactions in the soil. Amongst the several soil enzymes, β-
glucosidase, urease, invertase, phosphatases, arylsulfatase and dehydrogenase are
necessary for nutrient transformations for different plants. Under controlled condi-
tions, soil salinity had a negative effect on soil enzyme activities, but the degree of
inhibition varied according to soil microbial community, the enzyme analyzed, and
the nature and the amount of soil added [72]. The inhibition of enzyme activity in
saline soils can be due to the osmotic hydration of the microbial cell that releases
intracellular enzymes that become vulnerable to the attack by soil proteases. The
salting-out effect modifies the ionic conformation of the protein-enzyme active site,
and specific ionic toxicity causes a nutritional imbalance for microbial growth and
subsequent enzyme synthesis [72, 15]. Some researchers in Egypt studied the effect
of salinity on soil enzyme activities using clayey soil under laboratory conditions.
The authors showed that the activity of urease and invertase significantly decreased
with an increasing concentration of NaCl during the incubation period. Additionally,
they also observed that the effect of salinity on the activity of nitrate reductase was
mainly inhibitory in the majority of the treatments [15].

Other researchers, for instance Wong et al. [73] also indicated that the effect
of soil salinity on soil microbial biomass and soil respiration. For example, soil
microbial biomass was highest (459–565 mg kg−1 soil) in the high salinity treat-
ments (30 dS m−1) and lowest (158–172 mg kg−1 soil) in the low salinity treatments
(0.5 dS m−1). On the other hand, soil respiration rate was highest (56–80 mg CO2-C
kg−1 soil) in the low salinity treatments and lowest (1–5 mg CO2-C kg−1 soil) in the
mid salinity treatments (0.5 dS m−1) [73].

Several investigators reported that fungi are more sensitive to osmotic stress than
bacteria or actinobacteria [72, 74]. There is a significant decrease in the total count
of fungi and most general fungi and species in some Egyptian soils that salinized
with different concentration of sodium chloride (5–20% NaCl). Similarly, the total
count of bacteria and actinobacteria was remarkably decreased with an increase in
soil salinity level to above 5% NaCl [15]. In fungi, increased soil salinity decreases
spore germination and the growth of hyphae and changes the morphology, resulting
in the formation of spores with thick walls [72].
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Sodic, saline and saline-sodic soils are the three main types of salt-affected soils
dominant in the Nile delta especially in the middle and north delta soils which suf-
fer from its location close to the Mediterranean coast and saline waterlogging [75].
These saline conditions led to an increase in the diversity and community of indige-
nous microorganisms especially bacteria that can be modified in their structure and
physiological activity under these conditions. These bacterial groups can maintain
osmotic equilibrium between the cytoplasm and the surrounding medium excluding
sodium ions from inside the cell. Additionally, they can synthesis specific compatible
organic osmolytes like proline, glycine and glutamine that accumulate the inorganic
solutes (Na+, K+ and Mg2+) [76]. Soil salinity in Egypt is one the common outstand-
ing serious problems affecting crop production in cultivated and non-cultivated soils.
Therefore, the influence of soil salinity on soil microbial populations and enzyme
activities, especially in saline regions of Egypt has received more attention. For
example, soil samples (0–15 and 15–30 cm) were collected from salt-affected soils
at three different regions, the Suez Canal, Sinai peninsula and Al-Salhia regions, by
the researcher Ragab [77]. He found that the total counts of bacteria, nitrifying bac-
teria and cellulose decomposers are negatively correlated with total soluble salts and
positively correlated with organic carbon in surface layers, but nitrogen-fixing bac-
teria (Azotobacter and Clostridium) are not correlated with soluble salts or organic
carbon. On the other hand, halophilic bacteria were positively correlated with total
soluble salts and organic carbon in the soil layers. That is, the Egyptian microbiolo-
gist should be increasing the researches about behavior and physiology salt tolerant
bacteria in saline soils to pursue the application of these bacteria as biofertilizers in
saline environments.

4 Conclusions

Climate change has an impact on Egyptian soil microbial community and activities
both directly or indirectly. The fluctuation of temperature and elevated CO2 are the
most climatic changes in Egypt that positively, negatively and neutrally affect soil
microbial activity, community and enzyme activities. Additionally, predominant of
saline soils in some regions in Egypt is a vital factor to the effect on soil microorgan-
ism populations and activities. However, most of researchers or studies focused on
climate change impacts as a single factor or by separate the different climate change
components (altered temperature and moisture or elevated CO2) and manipulating
their responses on soil microbial activity independently. Indeed, the future studies
should be focused on multiple, and simultaneously interacting climate change fac-
tors such as temperature will interact with changes in moisture that both impact
on the overall and relative rate of enzyme production by soil microorganisms. The
behavior and response of plant growth promoting microorganisms to climate change
are very variedly and complicated, especially in saline habitats. Therefore, further
studies should be working on the activity of aerobic and anaerobic soil microbes and
enzyme activities in Egyptian saline agricultural soils.
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The structure and functions of soil microorganisms are tremendously complex
and can be impacted by climate changes in several ways that prevent the ability to
draw reliable conclusions. Therefore, the investigators must be adding the estima-
tion of microbial biomass and compositions in their studies to fully understand and
proceed with the influences of climate change on soil microbial activity, and design
studies over the longer-term. Long-term experiments are critical to more illustrate
the interactions between biotic and abiotic factors and better predict soil microbial
responses to future climate changes. On the other hand, use of modern molecular
techniques such asmetagenomicswill help and gavemore details about soilmicrobial
communities that would otherwise be undetectable.

5 Recommendations

The future impact of the above negative environmental consequences of climate
change on Egyptian soil microbial activity and dynamics are the main points of
concern. For instance, many newly reclaimed soils in the Suez Canal region, Egypt
are already under excessive applications of chemicals and pesticides, and signs of
severe environmental and health impacts have already been detected. Beneficial plant
growth promoting microorganisms could be an important biotechnological tool for
sustainable agriculture by their positive effect on soil fertility and crop production
and quality and could reduce the costs for chemical fertilization and pest control.
Staying abreast of technological innovations is vital to the future efficiency and
competence of the agriculture system in the region. Therefore, the future work should
be determining the best approaches to observe and quantify the response of plant-
microbe interactions or microbe-microbe interactions to climate change to predict
future ecosystem function. Additionally, temporal and seasonal variation and plant
root exudates play a vital role in the response of soil microbial activity to climate
change, subsequently should be incorporated into future climate change experimental
manipulations.

Although, soil microorganisms play an essential role in nutrients cycling in agri-
cultural soils; many microbiological processes in these soils are changed due to
climate change, and these changes are likely to result in changed plant production
and atmospherically active gases. However, the impacts of multiple climate changes
on microbial activity, abundance, and the composition of the microbial community
in agricultural soils are poorly understood because of the complexity of the microbial
community in the soil. Therefore, the future work or researches should be concerning
about soil microorganisms that high resistance to multiple climate changes such as
climate warming, adapt to soil salinity and drought as well as resistance to elevated
CO2, especially in Egyptian climate conditions.
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Soils as Driver and Victim of Climate
Change in Egypt

Reda Ragab Shahin

Abstract Egypt is a country that foresees to face severe effects owing to climate
change. Soil may consider an important source of greenhouse gas emissions (i.e.
carbon dioxide, methane and nitrous oxides). The drivers of soil GHG emissions are
soil type and composition (i.e. soil texture, pH, soil organic matter (SOM), etc.), soil
temperature, moisture, fertilization, soil miss-management (Tillage), rice cultivation
and burning of Crop residues. Soil also considered as a victim of climate change.
Global warming may induce, depletion of soil organic matter that causes the decline
of soil fertility, poor soil water regime, shifting of soil microbiome and soil com-
paction (i.e. Increase soil compaction, surface sealing and crust formation). Global
warming induces also sea level rise (SLR) on soils of Egypt which increase the area
of submerged lands in northern Nile Delta and consequently soil salinization. With
climate change, more frequent extreme precipitation and drought events are pro-
jected which may exacerbate the rate and soil susceptibility to accelerated erosion,
salinization and other degradation processes, leading to further carbon losses. In
conclusion, this chapter summarizes geographical nature of climate change impacts
and the history of flooding rainstorms in Egypt.

Keywords Global warming · Soil GHG emissions · Soil miss-management · SOM
depletion · Submerged lands · Nile delta · Rainstorms in Egypt

1 Introduction

Climate change and consequently global warming are of great concern for humanity
in the present, near and far future. Enormous amounts of greenhouse gases (GHG)
emitted every day and accumulating in the troposphere. The world temperature
recorded warmest July 2016 at +0.88 °C (+1.58 °F) changes in the temperature of
air relative to previous Century (1901–2000) global average [1]. This global heat and
warming are thought to be a directly correlated to the emissions of potential warming
gases into troposphere which estimated to reach 37 Bt CO2eq in 2014 which was
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60% above emissions in 1990 [2]. For the decade from 2005 to 2014, about 44%
of CO2 emissions remain in the troposphere and 26% in the ocean (https://www.
co2.earth/global-co2-emissions). The land is the natural sink of 30% of the world
CO2 emissions [3]. Methane (CH4), nitrous oxide (N2O) and carbon dioxide (CO2)
are the main GHG emissions resulted from the agricultural production. Greenhouse
gas emissions are generally reported as an equivalent of carbon dioxide (CO2-eq).
On a global scale, agricultural activities accounted to be 6.1–5.1 Gt CO2-eq/year
of emissions in 2005 (10–12% of the entire anthropogenic GHG emissions) and a
nearly 17% increase in CH4 and N2O emissions from 1990 to 2005 [4].

2 Agricultural GHG Invention of Egypt

The arable land area of Egypt is about 3.8 Mh, and the annual cropping area around
6.2 Mh, which represents 163% of the actual cultivated land area [5]. Egyptian
agricultural land can be grouped into: alluvial old land that is the lands of the Nile
Valley and the Nile Delta which have been irrigated and intensively cultivated since
ancient times, and which represent about 80% of the arable area; and sandy newly
cultivated land representing about 20% of the arable area (see Fig. 1).

Fig. 1 Profile of agricultural lands, irrigation, cropping systems and consumed fertilizers in Egypt.
Data extracted from CAMPAS [5]

https://www.co2.earth/global-co2-emissions
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Fig. 2 Profile of agricultural GHG fluxes for Egypt in 2005. Data extracted from UNFCCC [7]

Egypt is a country that foresees to face severe effects owing to climate change,
although its share in the global greenhouse gas (GHG) emissions is only 0.57% [6],
and despite the fact that it is one of the countries that is not required to manage
or reduce its emissions according to Kyoto protocol [7]. Nevertheless, Egypt has
considered a national plan that includes mitigation measures to manage and reduce
GHG fluxes from the major sectors contributing to the projected climate change
which are agriculture, industry and energy wastes [7]. Figure 2 shows the trend in
GHG emissions in Egypt in the different sectors as calculated by Climate Change
Central Department of the Environmental Affairs Agency of Egypt (EEAA) from
the year 2000 until the year 2010. Such calculations were based on emission increase
rate of 5.1% and population increase rate of 1.7–2.3%.

Figure 2 concluded the profile of agricultural GHG fluxes for Egypt in 2005 as
extracted from the data reported in UNFCCC [8] and [9]. Methane emissions from
agriculture represented 46% of its total NH4-budget for Egypt (45Mt CO2eq year−1)
which mainly produced from enteric fermentation (9.1 Mt CO2eq year−1) and rice
cultivation (4.7 Mt CO2eq year−1) produced by 500,000 ha rice fields. The quantity
of different forms of nitrogen oxides emissions from agriculture represented 83%
of the total NO2-budget (37 Mt CO2eq year−1), which mainly resulted from N-
fertilized agricultural soils (24.4 Mt CO2eq year−1) besides NO2-emissions from
manure management (3.6 Mt CO2eq year−1). Methane (1.5 Mt CO2eq) and NO2

(0.3 Mt CO2eq) are the main products of burning the agricultural wastes.
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3 Drivers of Soil GHG Emissions

The main drivers of greenhouse gases fluxes from soils in Egypt are soil texture, soil
moisture, and temperature, soil respiration, N-fertilization, rice cultivation, burning
of crop wastes and type of soil management or tillage operations (Fig. 3). Moreover,
soil carbon dioxide flux is the main pathway of carbon emission from soil to tropo-
sphere in terrestrial ecosystems and an important origin of atmospheric carbon [10,
11]. Annual global soil respiration is estimated at 68–100 billion tons (Bt) year−1 of
C accounting for almost 10% of the atmospheric CO2 cycles [12, 13], and more than
11 folds of the carbon released from the consumption of fossil fuel [14].

3.1 Soil Type and Composition

The emissions of Soil greenhouse gases could be controlled by soil type concerning
physical, chemical and biological properties.

3.1.1 Soil Texture

Soil texture considered a key property that dominates and control the other soil
properties. Some studies have concluded that CO2 evolved from coarse-textured soils
were higher than in clay textured ones [15, 16]. Also, higher fluxes of CH4 and N2O
were [17] reported in sand-textured than in clay-textured soils, whereas, different
findings were reported by others [16]. A recent study [18] using different textures

Fig. 3 Key drivers of soil
greenhouse gases emissions
of Egypt
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of soil from sandy loam to fine clay, showed that the effects of biochar on the three
GHG emissions were affected by other soil properties, especially soil C and N forms,
soil reaction (pH), bulk density, and porosity (aeration), all of which were mainly
also affected by soil texture. Furthermore, it was stated that in the coarse-textured,
low-buffer Ultisol, cumulative CO2 and CH4 emissions increased with increasing
volatilized carbon (VC) content of biochars; however, CO2 emission significantly
decreased at 83 mg VC g−1 soil [19]. By increasing VC values in the fine-textured,
high-buffer Oxisol, cumulative CO2 emission increased.

On the other hand, clayey soils tend to show greater N2O emissions than sandy
soils, and N management may increase the emission of N2O, particularly in soils of
fine texture before showing N2O emissions induced by the applied soil management
and by rain which were greater by four times in a fine textured soil than in the
course-textured one [20, 21].

In the clayey soil, the small amount of large pores would increase anaerobic con-
ditions which enhancing N2O emissions. It was reported that emissions in coarse-
textured soils occur with soil moisture higher than that necessary for the same emis-
sions in a clayey soil [22]. Another study was conducted on GHG fluxes from corn-
soybean cropping systems across 35 Wisconsin soil series different in their textures
[23]. Their results suggested that soil texture is an important variable in controlling
a range of N2O emission characteristics and is critical for projecting future N2O
emissions from agricultural fields. Silt loam soils showed the largest N2O emissions
among the other soil types, exhibiting higher mean emissions (80–158%) and 100–
282% greater emissions when compared to loamy sand and sandy loam soils, respec-
tively. They suggested that denitrification may explain the most variation (74–98%)
in total N2O emissions in the different soil textures and locations.

Also, a study on heavy clay and gravelly loam soils in eastern Canada [24] con-
cluded that the annual fluxes of N2O were exceptionally high in the heavy clay soil,
varying from 12 to 45 kg N2O–N ha−1 during the 3 years of the study. This high
fluxes may be not associated with N-fertilizer inputs but rather with denitrification
maintained by the decomposition of relatively large contents of soil organic matter
(192 Mg C ha−1 in the top 0.5 m). It was found that the optimal soil moisture for
NO emission differed significantly between the various soil textures, and ranged
between 15% water-filled porosity (WFPS) in sandy Italian floodplain soil and 65%
in loamyAustrian beech forest soils (Fig. 4) [25]. Thus, each soil had its ownoptimum
condition probably owing to differences in other soil characteristics [26].

3.1.2 Soil pH

Soil pH is a variable that supervised soil productivity and plays a significant role in
controlling the chemical and biological activity in soil and consequently soils GHG
emissions. Previous work has shown that liming acid soils could enhance [27] or
depress N2O emission [28]. Nitrous gas N2O emissions may increase when soil pH
was close to being at neutral value but decreased when pH exceeded the neutral value
[29]. It was found that N2O flux declines with increasing pH within the range 5–7
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Fig. 4 The relationship
between soil GHG emissions
and water-filled pores from
different soil textures. Based
on data in Schindlbacher
et al. [25] and adapted from
Pilegaard [26]
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[30]. Thus, by managing the soil pH at a near neutral level appears to be a feasible
way to reduce N2O and the other GHG soil emissions. Regarding the alleviation of
soil acidity by liming, a study showed the effect of lime applications on greenhouse
gas (GHG) fluxes in livestock farms [31]. They stated that liming to pH 6 had reduced
N2Ofluxes (andnitrate leaching) but, inCO2–Cequivalents, theGHGemissions from
liming as it neutralizes acidity were about four times those saved by reducing N2O
emissions. Another study conducted an experiment to show the effects of various soil
pH on the CO2 flux from acidic black soils [32]. They concluded that CO2 emission
increased significantly due toN fertilizer addition. CO2 emission increased positively
significantwith soil pH (R2 =0.98). The lowestCO2 emission (30.2mgCO2–Ckg−1)
was found in pH-3.65 soils of zero N-fertilization. For ammonium fertilization, the
highest cumulative N2O emissions showed up in the pH-8.55 soils was 199mg CO2–
C kg−1. For nitrate fertilization, the highest cumulative N2O emissions were found
in pH-6.90 soils was 184 mg CO2–C kg−1. Some researchers had suggested that
soil pH controls the reduction reaction of N2O to N2, and examined the effect of pH
and the N2O emission in thirteen temperate pasture soils [33]. They found a strong
relationship between pH and N2O emission ratio. Soil pH was negatively correlated
with N2O emission ratio. Furthermore, Luo et al. [34] stated that because different
NO producing processes are favored by different pH values, there is often no direct
effect of pH on the amount of NO emitted. They found that high pH generally favors
nitrification and thus NO emission. Decreasing pH values resulted to increase NO
production by both biological and chemical denitrification, (NO production from
NO−

2 ) increases at a pH less than 4.

3.1.3 Soil Organic Matter

In general, summative CO2 emission was strongly related to organic carbon (SOC)
content in soil because the quantity of substrates for soil microbes can be greatly
increased by SOC and microbial activity of soil can be further altered [35, 36]. It was
found that organic farming or animal manure application can potentially sequestrate
more C to the soils and thus convert the soils to a net CO2 sink [37–39]. However,



Soils as Driver and Victim of Climate Change in Egypt 121

some previous studies presented different or opposite effect of SOM on soil CO2

flux under different conditions [40].
In a recent study [41], data from long-term experiments were conducted to study

the effect of crop waste (CW) incorporation on SOM and GHG emissions in Europe
[41]. They concluded that the CW incorporation had increased SOC by 7%. In
contrast, in some instances, CO2 emissions were 6-times and N2O emissions 12-
times higher after CW incorporation. As the experiment proceeded, response ratio
(RR) for SOC concentration increased. For N2O emissions, RR was significantly
higher in experiments with a duration period of <5 years compared with 11–20 years.

3.2 Soil Temperature and Moisture

The Intergovernmental Panel on Climate Change [4] has found that the extrapolated
warming trend over the 50 years from 1956 to 2005 (0.13 °C [0.10–0.16 °C] per
decade) is nearly double that for the 100 years from 1906 to 2005. This temperature
rise is widespread all over the world and is higher over land and at higher latitudes.
Soil temperature is considered as sensitive climate indicator and driver at the same
time. Scientists regarded soil temperature data in the research on climate change [42].
Close relationships were recorded between soil temperatures and global warming.

The changes in the temperatures of soils over the last 100 years for three locations
in Ireland was studied [43]. They showed an increasing attitude of 0.04–0.25 °C per
decade. Higher attitude (0.43–0.66 °C/decade) in the mean temperatures of surface
soil (0–40 cm) in Tibet, China, during 1961–2005 was found, especially in spring
[44]. They also concluded that such positive trendwith soil temperatureswas stronger
than that for air temperature. In a study on loamy soils of Faisalabad region, India
[45], an increasing difference (�T) was found between soil and air temperatures as it
reached+9.8 °C in summer and+6.9 °C in winter. Also, It was concluded from data
of 30 climate stations across Canada during 1958–2008 that stronger trend with time
in soil temperaturewas found at about 66%of the investigated sites at all depths below
5 cm [46]. A warming attitude of 0.26–0.30 °C per decade was consistently recorded
in spring (March–April–May) at all the investigated depths between 1958 and 2008.
Air temperatures (Tmin orTmax) had a consistent effect on soil temperatures, showing a
strong positive correlation which was less in winter when compared to other seasons.
Furthermore, it was stated that the average air, minimumormaximumair temperature
and average soil temperature, respectively, had significant exponential regression
relationship during the whole measuring period of CO2 gas emission [47].

On the other side, both soil temperature and moisture have strong interac-
tive effects on soil GHG emissions. Laboratory incubations, field observations,
and meta-analyses have documented changing GHG fluxes with rising temper-
ature [48, 49]. Rates of CO2 emission increased exponentially with increas-
ing temperature from −1 to +16 °C during the wet season of forest soils
in both Norway and Germany [50]. It is apparent that soil temperature was
the dominant factor for soil carbon dioxide emissions when matric potential
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was higher than−20 kPa (mostly during the wet season). During the drought season,
CO2 emission rates were below 50 mg C m−2 h−1 [51].

The changes of soil moisture (SM) and temperature (T) in different seasons can
affect the trace gases carbon dioxide (CO2), nitrous oxide (N2O), andmethane (CH4)
that can be exchanged between the ecosystem and atmosphere [52]. This chapter
reports the impact of year-round SM status on GHG fluxes in three semiarid vegeta-
tion zones, having different SOM contents, in southeastern Arizona. Carbon dioxide
and N2O emissions were highly affected by available soil moisture and temperature.
During the rainy season (238 mm total rainfall), large differences in soil C content
did not correlate with variations in CO2 emissions. The limited rains (95 mm total
rainfall) reduced CO2 emissions by 19–40% as compared to the heavy rain sea-
son. Laboratory incubation experiments showed potentials for CH4 oxidation from
0 to 45 cm soil layer. This suggested that when the soil surface becomes dry, CH4

oxidation activity shifted depthwise in the sandy soils. In semiarid riparian soils of
southwestern Arizona, the predicted climate change shifts in annual precipitation
from arid to the wet season could reduce soil CO2 and N2O emissions while enhanc-
ing CH4 oxidation rates of, potentially acting as negative feedback for future global
warming.

As long as other factors such as soil organic carbon (SOC) availability and soil
moisture are not limiting,NOemission increaseswith soil temperature due to the pos-
itive effect of temperature on enzymatic activities andmicrobial turnover rates. Thus,
the temperature is not the main factor that controlling the amount of soil flux, but
rather a regulating factor of short-term changes [53]. Generally, it has been concluded
that NO emission inclines exponentially with soil temperature [25]. Based on a 5 year
dataset of continuous measurements of soil-atmosphere exchange of N2O, NO, and
CO2 at the temperate, nitrogen-saturatedNorway spruce forest site Höglwald, nitrous
gas NO emissions had significantly positive correlations with water-filled pores %
(WFPS) up to a soil temperature of 15 °C, but at soil temperatures above 15 °C,
highest NO fluxes were found at lowest WFPS values [54]. The correlation of GHG
gas fluxes with soil temperature was stronger than that with soil moisture. However,
soil moisture could become the crucial regulator of N2O emission. An increased
NO emission was noticed following soil re-wetting after long drought periods. The
NO:N2O ratio was controlled byWFPS rather than by soil temperature. A significant
positive correlation between soil temperature and NO:N2O ratio was observed only
whenWFPSwas below 45%. The highest NO:N2O ratio was found under conditions
favorable to nitrification (soil temperature around 15 °C; WFPS less than 40%). A
recent analysis of soil emission measurements over the period 1994–2010 at the
Höglwald site Samad et al. [33] confirmed these findings, specifying that NO fluxes
were highest when the temperature was high (more than 15 °C), but the soil moisture
was ranged between 24 and 30% (Fig. 5).

A study on the effect of soil temperature (at 5 and 10 cm depths) on soil
GHG fluxes, stated that soil temperature significantly influences CO2 emissions
by inducing the accelerated decomposition of soil organic carbon, root respira-
tion, and microbe respiration. Insignificant correlations were detected between soil
temperature and both NH4 and NO emissions [55].
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Fig. 5 The combined effect of soil temperature (5 cmdepth) andmoisture (10 cmdepth) onmonthly
means of soil NO fluxes from German forest. Data from Samad et al. [33]

3.3 Fertilization as a Source of NO2 Emission

Soil nitrogen is increased by N-fertilization, which usually leads to increase in N2O
emissions. The Intergovernmental Panel on Climate Change [56] suggests a linear
relationship between N fertilization and N2O fluxes and assigns an emission factor
(EF) of 1% (1 kg of every 100 kg of applied N fertilizer is lost as N2O–N). With a
global warming potential 310 folds of carbon dioxide (CO2), nitrous oxide (N2O) has
the highest warming potential of the three major agricultural greenhouse gases (CO2,
methane CH4, and N2O). Nitrous oxide gas (N2O) emission is the major contributor
to ozone depletion among the other anthropogenic sources [57], with agriculture
accounting for more than 60% of world N2O emissions [58].

It has beenwell known thatN2Oemission proportionally increaseswith increasing
N-fertilizer rates. However, a nonlinear relationship has often been observed, and
emissions increase most rapidly when N rate exceeds crop demand [59, 60]. In
addition, a nonlinear model better described the association between N2O fluxes
and fertilization rate than a linear model [61, 62]. In soil systems, N2O is produced,
especially after N-fertilization, through two microbial pathways: nitrification, which
converts ammonium (NH4

+ ) to NO3
−, and denitrification, which converts NO3

− to
N2 [63]. Both processes produceN2O as a byproduct and can simultaneously produce
in the soil. However, nitrification is an aerobic process that requires oxygen, while
denitrification is an anaerobic process that is inhibited at high oxygen concentrations.
In soil, the oxygen content is largely affected by soil moisture; when soil moisture
is high, the oxygen content is low and enhances nitrate reduction (Fig. 6).

Fertilizer form and placement also influence emissions. Fertilizers which
increased soil pH and/or highly concentrate N application, such as drip versus micro-
jet irrigation or knife injection versus banding of ammonium forms or urea, have
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Fig. 6 Nitrogen Fertilizer’s induced processes of NO emissions from soils

been found to increase emissions. The injection of anhydrous ammonium caused
an escalated seasonal N2O emissions by 44% as compared to the band-application
of ammonium sulfate [64]. Both organic and mineral N fertilization could result in
N2O emission pulses. During fertigation, emissions pulses were immediate but dis-
appeared within a short period (i.e. 1 or 2 days). The impact of fertilization on GHG
emissions may occur shortly after the application of N-fertilizer, also application
timing may affect net GHG fluxes in arid land cropping systems [65].

Other studies determined and compared growing season emissions of N2O, CH4,
andCO2 resulting fromapplications of differentN-fertilizer types, urea (U), polymer-
coated urea (PCU) urea-ammonium nitrate (UAN), ammonium nitrate (AN) and
poultry litter commercially available [66]. They showed an enhanced-efficiency of
N-fertilizers as follows: PCU,U,UAN,AN, poultry litter in no-till corn (ZeamaysL.)
production system. Greenhouse gas emissions were determined during two growing
seasons using static, ventilated chambers. The PCU delayed the N2O emission peak
by 3–4 weeks compared with other N sources.

It was found that the application of N-fertilizer may increase N2O fluxes by 5–6
times at 200 kg N/ha and by 10–14 times at 270 kg N/ha (Fig. 7) [55]. The optimum
rate of the applied N fertilizer was 200 kg N/ha which resulted in the lowest global
warmingpotential.Regardingorganic fertilizers, a study found thatCO2 fluxes during
the period of constant soil moisture of 60% water-holding capacity, were 1.2–2.0
times higher where farmyard manure was applied for a long-term periods than those
with mineral N or nil fertilization [67]. Recently, in a study on rice fields of Thailand,
concluded that significant positive correlations were found between N2O emissions
and N fertilizer application, with r values of 0.925 (p < 0.01) [68].

However, in Egypt, Agricultural fluxes of nitrous oxide during the period (2000–
2014) varied from a minimum value of 12.21 Mt in 2000, to a maximum value of
20.49 Mt in 2014. More than 80% of nitrous emissions coming from N-fertilization
[69]. Agricultural emissions of nitrous in Egypt have been significantly increased
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Fig. 7 Cumulative of GHG emissions from different fertilizer applications during rice growing
season, GWP = Global warming potential. Source data Zhang et al. [55]

with an annual average growth of 2.66%. The annual average of agricultural emis-
sions of nitrous in Egypt totaled of 16.22 Mt during the same period. The annual
maximumgrowth rate of agriculturalNO2 fluxes inEgypt from2000 to 2014 recorded
in 2009: 20.01%, while the annual maximum fall minimum growth rate was in 2008:
−10.12% [9, 8].

3.4 Soil Miss-Management (Heavy Tillage)

Soil management (tillage) has a very important impact on soil CO2 emissions [70].
Heavy tillage is the main cause in losing of soil organic carbon content by about
50% due to the stimulation of aerobic decomposition processes and microbial res-
piration [71]. Studies had shown contrasting results where CO2 emissions had been
both decreased and increased by zero tillage compared with traditional tillage, but
many researchers had determined higher soil CO2 fluxes under heavy or conventional
tillage. Implementation of heavy tillage showed changes in the soil properties and
enhances favorable conditions for the organic matter decomposition and mineral-
ization processes, i.e., microbial degradation of plant and animal wastes [72, 73].
The intensity of tillage should be reduced to reduce the soil carbon loss. Studies
had stated that soil tillage under conventional practices (CT) for sugarcane cropping
system “would generate a loss equivalent to 80% of the C that could potentially be
accumulated in this soil layer during one year of mechanical harvesting over a period
of only 44 days” [74, 75].

The magnitude of soil CO2 flux had been affected by tillage intensity; intensive
tillage, such as a deep plough, showed higher fluxes [76, 77]. Several researchers had
suggested that soil management systems involving plowing and harrowing generate
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a greater impact on CO2 fluxes than systems using scarification and/or sub-soiling
as the sole method of soil tillage [78, 72, 79].

3.5 Rice Cultivation

Rice farms in paddy soils have been a concern of scientists all overworld because they
produce the most potent greenhouse gases (GHGs), carbon dioxide (CO2), methane
(CH4), and nitrous oxide (N2O) [80], because of their positive increases in radiative
forcing and their contribution to global warming [4].

Paddy rice fields emit CH4 due to a methanogenesis process that occurs in anaer-
obic conditions, during which soil organic matter (SOM) undergoes decomposition
[81]. Methanogenesis in soil microbes is a form of anaerobic respiration consuming
organic carbon with low molecular weights. The best two pathways which described
this process involved the use of acetic acid or inorganic carbon dioxide as terminal
electron acceptors [82]:

CO2 + 4H2 → CH4 + 2H2O

CH3COOH → CH4 + CO2

At between 50 and 100 Mt of methane a year, rice agriculture is a big source
of atmospheric methane, possibly the biggest of anthropogenic methane sources
and are responsible for 10% of human-induced CH4 emissions, or 20% of total
agricultural CH4 emissions [83]. The global warming potential of GHG fluxes from
rice field is approximately four times higher than either wheat or maize [84]. Another
study suggested that rising CO2 and warming will approximately double the GHG
flux magnitude of rice production by the year 2100, which enforcing the need for
management practices that optimize rice productionwhile reducing itsGHG intensity
[85].

In Egypt, the agricultural activities are the second largest source of GHG emis-
sions. Methane emissions are mainly produced from rice cultivation and animal
wastes. Rice is one of the main crops in Egypt. The regions with higher emissions
are located as a rice belt in the Northern Nile Delta, where methane emission is
representing about 53.25% of the agricultural GHG emissions [86].

Total CH4 emission from rice cultivation is decreased from 235.87 Gg in 1999
to 220.78 Gg in 2005 submission, by a reduction of 6.4%. Meanwhile, it steady
decreased to be 223.30 Gg for the year 2012 (5.2% decrease than 1999). This reduc-
tion is mainly may be due to the rapid switching of long-duration traditional cultivars
to early-maturing short-duration rice cultivars. The conventional cultivars stay about
four months under flooding, while the early maturing ones stay only about three
months under flooding [87].
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3.6 Burning of Crop Residues

The burning of crop residues emit greenhouse gases (GHGs) in the atmosphere,
where they affect the inter-annual variability and increase the rate of CO2, CH4 and
N2O and other trace gases [88]. Anthropogenic emissions of non-CO2 gases from
global forest fires were 300Mt CO2eq year−1 on average over the period 2001–2010,
with the prescribed burning of savanna adding 200 Mt CO2eq year−1 [89]. Slash and
burn practices associated with deforestation were furthermore responsible for over
1.5 Bt CO2eq year−1 as direct CO2 gas [90].

Specific fire emission categories are significant in terms of their overall regional
impacts. For instance, in Africa, the recorded burning of savanna represents 25% of
the entire agricultural emissions [89]. Around 730 Mt of biomass is burned every
year in Asia by both human and natural activities. The burning of crop residue in
open field was found to be 250 Mt of the biomass burning [91]. Rice straw is one of
the major crop residues produced in Asia, and its management varies widely. Open
burning of straw is ordinary practice in rice straw management in many countries.
Greenhouse gas GHG emissions rates were compiled from straw burning (1460–
1688 g CO2eq/kg−1 dry straw) [92, 93].

In Egypt, the main sources of biomass waste are an agricultural waste (crop
residues), followed by municipal solid waste, animal waste, and sewage waste [94].
Wheat, sugarcane, rice, and maize crop residues are the major sources of the agri-
cultural wastes in Egypt. In particular, rice straw represents the largest part of un-
recycled crop residue. FAO [95] stated that Egypt is the largest producer of rice in
Africa, with supplying 5.9 Mt of rice in 2013 (more than 22% of rice production in
Africa) [95]. It is estimated that about 3.1 Mt/year of rice straw are directly burned
in open field. The mean amount of crop residues in 2013 Egypt was around 26.0 Mt,
and 25% of this amount was wasted through open field burning [96]. In Egypt, more
than 25 Mt of crop residues are burned annually [7]. Two separated years of annual
production of the major field crops (wheat, broad been, maize, cotton, rice and sugar
cane) depends on burning to disposal its residues, were obtained from FAO Statistics
Division [97]. Total emissions of CH4 from field burning of agricultural residues
increased from 64.67 Gg in the year 1999 to 69.44 Gg in the year 2005. Meanwhile,
it increased in 2012 to be 70.31 Gg. Moreover, N2O emissions from the same source
increased from 0.94 Gg in 1999 to 1.01 Gg in 2005 and 1.03 Gg in 2012. Therefore,
rice and sugar cane were the main sources of emissions from field burning emissions.
However, the total GHG emissions arising from open field burning of crop residues
in Egypt amounted to 1.8 Mt CO2eq/year [7]. The reduction of burning rice straw
by 20%, the overall emission from rice burning will be reduced by 642.2 Gg (33.3%
of total CO2 less from burning rice straw) [87].
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4 Impact of Climate Changes on Soil Functions

The impact of climate change on soils is a slow complex process as because soils
not only be strongly affected by climate change directly (for example effect of tem-
perature on soil organic matter decomposition and indirectly, for example, changes
in soil moisture via changes in plant-related evapotranspiration) but also can act as a
source of greenhouse gases and thus contribute to the gases responsible for climate
change. Also changes in the functions and uses soils may be driven more by socio-
economic factors than environmental ones. However, the interaction of the various
soil forming processes, particularly biological ones, makes difficult to quantify the
changes. However, the possible impacts of climate change on the soil functions could
be figured out (Fig. 8).

4.1 Depletion of Soil Organic Matter

The effects of global warming on soil C stocks were variable, with positive, negative
and neutral impacts. Specifically, the effects of global warming were negligible in
areas with small initial C stocks (i.e. Aridisols) [98]. It was suggested that global
soil carbon stocks in the upper soil horizons would fall by 30 Bt of carbon under
one degree of warming, depending on the rate at which the effects of warming
are realized. Under the conservative assumption that the response of soil carbon to
warming occurs within a year, a business-as-usual climate scenario would drive the
loss of 55 Bt of carbon from the upper soil horizons by 2050. This value is around
12–17% of the expected anthropogenic emissions over this period [99, 100].

Fig. 8 The possible impacts of climate change on the soil
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Thepredicted climatewarming is proposed to enhanceSOCdecomposition,which
may further increase soil N availability, leading to higher soil CO2 efflux [101]. Each
Tone of carbon lost from the soil releases 3.7 Tones of CO2 in the atmosphere [102]. A
recent study made detailed predictions of the future spatial evolution of topsoil SOC
driven by climate change and land use change for France up to the year 2100 [103].
The climate change will have a much bigger influence on future SOC losses in mid-
latitude mineral soils than land use change dynamics. High-resolution simulation of
land use and climate change impacts on SOC stocks indicated that France would
lose between 774 and 1221 Mt of SOC by 2100 (i.e. 20–30% of 1990 stock). The
future climate change will contribute approximately 10 times more to this total SOC
decrease than land use change [103].

Another study was conducted on SOC change at 0–30 cm depth compared with
1980s under B2(+2 °C) scenario in the future of China [104]. They found that loss
of SOM could reach 17.7% in north China (N-China) at the year 2080 while the
lowest loses (8.8%) was expected in south China (S-China) due to global warming
and climate change (Fig. 9).

The potential change inmajor pools of organic C stocks in upland soils in response
to global warming by 2100 was studied [105]. The study showed that the highest
potential loss of SOC by 2100 from the upper 1 m layer of the upland was from
the labile-C pool (@15%) followed by humus (@6%) and the lowest was for the
most resistant recalcitrant pool (0.1%). Therefore, the turnover time of the resistant
recalcitrant pool may reach 1000 years while the labile pool may disappear from the
soil within 6 years only (Fig. 10).

Theutilization efficiencyof amore recalcitrant organic carbon “increased at higher
temperatures in soils exposed to almost two decades of warming 5 °C above ambi-
ent” [106]. This work suggests that climate warming could alter the decay dynamics
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Fig. 9 SOC change at 0–30 cm depth compared with 1980s under B2 scenario in the different
regions of China until 2080. Data extracted from Wan et al. [104]
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Fig. 10 The amounts of soil organic carbon pools, turnover time and the potential OC-loss at the
year 2100. Source data Davidson and Janssens [105]

of more stable organic matter compounds, thereby having positive feedback to cli-
mate that is attenuated by a shift towards a more efficient microbial community in
the longer term (http://adsabs.harvard.edu/abs/2013NatCC…3..395F). Some other
studies suggested that recalcitrant carbon not sensitive to global warming variations
[107, 108].

For semi-arid Mediterranean ecosystem in Spain, strong correlations between
climate change and soil erosion [109] and negative impacts on aggregate stability,
bulk density, water holding capacity, pH, organic matter content, total N, and soluble
P in the soil, all properties important for good crop growth [110]. Therefore, it can be
stated that if climate change increases soil erosion, it will also damage soil properties
that are important in the production of food and fiber resources needed by humans.

The distribution of soil organic carbon in vegetated and un-vegetated sites in a
Mediterranean lagoon (i.e. Lake Borullus) in Egypt was studied [111]; soil organic
carbon content decreased from 22.0 g C kg−1 at a depth of 0–10 cm reaching a
minimum of 10.2 g C kg−1 at a depth of 20–30 cm. Soil organic carbon content was
significantly higher in the vegetated sites than in the un-vegetated sites, especially
in the surface horizon. The soil organic carbon stock ranged between 760.6 Mt C in
the vegetated sites and 2420.2 Mt C in the un-vegetated sites, with total soil organic
carbon storage of 3180.8MtC. The average carbon sequestration rate of the vegetated
sites was higher than the un-vegetated sites (14.9 and 8.6 g C m−2 year−1). Based
on the area and carbon sequestration rate, the total carbon sequestration potential
of Lake Borullus was 4.04 Mt C year−1. The present study concluded that Lake
Borullus could be instrumental in formulating efficient strategies related to carbon
sequestration and reduction of GHG in Mediterranean wetlands (Fig. 11).

http://adsabs.harvard.edu/abs/2013NatCC%e2%80%a63..395F
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Fig. 11 Impact of the
depletion of soil organic
matter resulted from global
warming on soil properties

4.1.1 Decline of Soil Fertility

Organic matter plays a key role in maintaining soil fertility. It holds nitrogen and
sulfur in organic forms and other essential nutrients such as potassium and calcium.
The decline in SOM due to global warming may induce disturbance in soil fertility
balance. The causes of the decline in soil fertility could be:

• The decrease in organic matter content and soil bioactivity: The decreased levels
of organic matter causes a strong reduction in soil fertility as it plays several
roles in the soil. Decreased organic matter levels result in poor physical, chemical,
and biological properties. The microbial activities in soil decrease due to reduced
levels of organicmatter. Thesemicrobial activities play a significant role in nutrient
availability and recycling

• Nutrient mining
• Loss of nutrients through various routes, (leaching, volatilization, runoff)
• Soil acidification, salinization, and alkalinization
• Soil pollution.

Warmer soil temperature will accelerate soil processes, rapid decomposition of
organic matter, increased microbiological activity, quicker nutrients release, increase
nitrification rate and generally accentuate chemical weathering of minerals. How-
ever, soil temperatures will also be affected by the type of vegetation occurring at its
surface, which may change itself as a result of climate change or adaptation man-
agement [112]. “Organic matter is particularly important as the prime habitat for
immense numbers and variety of soil fauna and microflora, which play a critical role
in the nutrient storage and turnover, health, and productivity of soils” [113].
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Soil warming can increase nutrient uptake from 100 to 300% by enlarging the
root surface area and increasing rates of nutrient diffusion and water influx [114].
Temperature increases in the rhizosphere can also stimulate nutrient acquisition by
increasing nutrient uptake via faster ion diffusion rates and increased rootmetabolism
[115]. However, any positive effects of warmer temperature on nutrient capture are
dependent on adequate soil moisture. If under dry conditions higher temperatures
result in extreme vapor pressure deficits then nutrient acquisition driven by mass
flow will decrease [116]. In barley and wheat, the soil available K and Ca and their
uptake in grain were increased with soil warming (+2.5 °C), while the concentration
of Mg was slightly reduced [117, 118].

4.1.2 Poor Soil Water Regime

As climate changes, soil moisture levels will be influenced by direct climatic effects
(precipitation, temperature effects on evaporation), climate-induced changes in veg-
etation, different plant growth rates and different cycles, different rates of soil water
extraction and the effect of enhanced CO levels on plant transpiration. Changes
in soil water fluxes may also feedback to the climate itself and even contribute to
drought conditions by decreasing availablemoisture, altering circulation patterns and
increasing air temperatures [119]. “Increasing temperatures will also lead to greater
evapotranspiration and hence loss of water from the soil. Much will depend on land
use also, which itself will change, together with its water needs” [112].

The integral influence of climate-hydrology-vegetation-land use changes is
reflected by the field water balance and soil moisture regime. As for example, the
rise in temperature increases the potential evaporation and transpiration. Whereas
the decrease in atmospheric precipitation will result in a decrease in water infiltra-
tion (I) and water storage (S) in the soil and plants water supply; surface runoff (R),
consequentlywater erosion hazard (but increasing the risk ofwind erosion for dry sur-
faces), filtration losses and groundwater recharge (G) and will increase evaporation
losses; the rate of transpiration (if the vegetation or crop canopy has not deteriorated
due to water deficiency), drought sensitivity with its physiological, ecological and
environmental consequences [120].

4.1.3 Shifting of Soil Microbiome

The rising temperatures would be expected to speed up the decomposition of labile
(easily degraded) soil organic compounds such as the carbohydrates from leaf lit-
ter, whereas more biochemically resistant carbon-containing structures—such as the
lignin fromwoody tissues and lipids from leaf cuticles—would be expected to remain
stable over decades, possibly even centuries. Global warming may change present-
day decomposition patterns by altering the soil microbial communities and activities,
thus changing the overall flow of carbon into and out of the soil and affecting soil
fertility as well [112, 121].
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Global warming may not have a direct effect on the ecological composition
because soil fauna and flora have a relatively broad range of optimum tempera-
ture. However, changes in ecosystems and migration of vegetation zones are likely
in some areas as a result of increased temperature and changes in rainfall. Some soil
flora and fauna may be seriously affected by such changes because their migration
rates are likely to be too small [122]. Warming by 5 °C in a temperate forest, for
example, altered the relative abundance of soil bacteria and increased the bacterial
to the fungal ratio of the community [123]. Further, drought amplifies the differ-
ential temperature sensitivity of fungal and bacterial groups [124]. Even with small
changes in soil moisture availability (<30% reduction in water holding capacity), soil
fungal communities may shift from one dominant member to another while bacterial
communities remain constant. The activity of some microorganisms increased in the
warmer soil, resulting in faster degradation of carbohydrates and other labile com-
ponents. However, the soil fungi numbers and activity may increase in the warmer
soil, with a corresponding rise in abundance of lignin-derived compounds (reflecting
decomposition by the fungi) [125]. SOM loss from 5 to 2% over a 60-year period at
Rothamsted resulted in a 90%decrease inmicrobial biomass, but no significant effect
on microbial diversity [126] or substrate utilization [127]. Smaller fungal biomass
[128] and fungal-to-bacterial biomass ratios [129] have been found in soils of low
SOM content compared with undisturbed and botanically rich grassland soils in the
UK. A further significant impact of climate change on soil fauna and flora is through
enhanced CO2 levels in the atmosphere leading to enhanced plant growth and in
turn, increased allocation of carbon below ground. The microbial population and its
activity under this regime would lead to higher rates of nitrogen fixation, nitrogen
immobilisation anddenitrification, increasedmycorrhizal associations, increased soil
aggregation and increased weathering of minerals [122].

4.1.4 Soil Compaction and Crusting

Soil structure is an important property which indicates how the soil particles
combine. Soil structure is responsible for the movement of gases, water, pollu-
tants/contaminants, seepage, nutrients, maintenance of water quality, building foun-
dations, soil fauna and the emergence of crops. The nature and quality of the structure
are strongly influenced by the amount and quality of organicmatter present. A decline
in soil organic matter levels lead to a decrease in soil aggregate stability, infiltration
rates and increase in susceptibility to compaction, run-off furthermore susceptibility
to erosion (similar to the observations of [113]). In some areas, there could be an
increase in flash flooding as a result of increased cracking and change in structure.

(a) Increase Soil Compaction
Soil organic matter is undoubtedly the most important soil component as it improves
soil quality through the influences in soil structure, water holding capacity, soil
stability, and oxygen-holding capacity. Soil organic matter is highly susceptible to
changes in land use and management, soil temperature and moisture. In the last
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decade’s changes in land use and management have already led to a significant
decline in organicmatter levels inmany soilswhich increases the susceptibility to soil
erosion [113]. Thewater stabilitywas significantly correlatedwith a carbon content of
the aggregates. Arable soils of low SOM content are susceptible to slumping when
wetted due to aggregate instability, leading to less infiltration and greater surface
runoff [130]. Specific decreases in the aggregate stability of 10–40% with a 1%
decrease in SOM content have been recorded in the UK and similar locations [131],
as well as a decrease in the resilience of soil to physical stresses, such as compaction
[132].

Soil compaction is the compression of soil due to outside pressure. The effect of
soil compaction is an increase in the density of soil and a corresponding reduction
in the amount of air present in the spaces between soil particles. This process can be
caused mainly by the depletion of SOM and may be harmful or beneficial depending
on the circumstances:

1. Causes nutrient deficiencies
2. Restricts root development
3. Reduces soil aeration
4. Decreases soil available water
5. Reduces infiltration rate
6. Increases bulk density
7. Increases sediment and nutrient losses
8. Increases surface runoff
9. Damages soil structure, through reroute the traffic
10. Break up the hard layers
11. Reduces crop productivity.

(b) Surface Sealing and Crusting
Soil crusting refers to the formation of a compact, thin layer having high bulk density
andhighpenetration resistance at the surface of the soilwhendries after the dispersion
of fine particles clogging of pores due to the beating action of raindrop and slaking
of irrigation water. Soil crust is formed in two phases. (1) Surface sealing: The
initial or wetting phase. (2) Surface crusting: The hardening of the surface seal in the
subsequent dry phase [133].When a seal layer exists, the chance of runoff occurrence
can dramatically increase. On a vegetated surface, the seal layer can enhance the
effects of heterogeneous soil properties and surface features and lead to a highly
heterogeneous pattern of runoff and soil moisture distribution [134, 135]. Therefore,
higher organic matter levels tend to reduce the risk of soil capping particularly on
fine-textured soils through an improved soil structure.
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4.2 Impact of Sea Level Rise (SLR) on Soils of Egypt

The potential impacts of climate change on coastal regions include progressive inun-
dation from sea-level rise, loss of wetlands, and increased salinity from saltwa-
ter intrusion. Worldwide, currently, about 600 million people, which may increase
to about one billion by 2050, inhabit low-elevation coastal zones that will be
affected by progressive salinization [136, 137]. Previous research suggests significant
agricultural productivity losses from rising soil salinity [138].

Results of SLR values confirmed that the values are varied from location to
another west to east along northern Nile Delta, so the values of SLR at Port Said
are greater than values at Alexandria. Also, the predicted values of SLR using pes-
simistic (4.0 °C) scenario are the double of the values of optimistic (1.8 °C) scenario.
Recently, El Shinnawy [139] stated that the expected SLR till 2100 by the projected
increase in air temperature (1.8 °C) is 28 cmASLR at Alexandria 35.0 at Al-Burullus
and 72.5 at Port Said (Fig. 12).

4.2.1 Submerged Lands and Soil Waterlogging

Impact of climate changes on coastal zones was investigated by Coastal Research
Institute (CoRI), Netherlands (1989–1992). The study at that time has estimated the
sea level rise impact on all the entire coastal zones of Egypt (3500 km) in terms
of quality and quantity. The study focused on the Nile Delta coast as it has been
considered themost vulnerable area in the coastal zones of Egypt [140]. El Shinnawy
[139] had estimated the impacts of sea level rise on the area of submerged lands if
water has raisin by 1, 2, and 3 m (Fig. 13).

Worst scenarios of SLReffects along theMediterranean coast ofEgyptwas studied
[141]. The computed maximum run-up heights in the front of the Delta are about 9.4
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Fig. 12 The projected trend of sea level rise (ASLR) for (1.8 °C) scenario along the Nile Delta
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Fig. 13 Projected submerged area with different SLR scenarios until 2090. Data source El
Shinnawy et al. [139]

and 6.1 m at Alexandria and Damietta, respectively. The maximum estimated run-up
height at the western Egyptian coast (Matrouh) is about 2.2, while at the eastern
side of the Egyptian coast at El-Arish it is 1.9 m. A minimal relative sea-level rise
of ~100 cm is predicted between now and the year 2100 at the Nile delta’s coast,
where laterally variable but continued ~6.7 to ~11.4 mm/year rates of submergence
had been measured [142].

4.2.2 Increase Soil Salinization

Increased salinization and alkalization would occur in areas where evaporation
increased or rainfall decreased [143]. Transient salinity increases as capillary rise
dominates, bringing salts into the root zone on sodic soils. Leaching during episodic
rainfall events may be limited due to surface sealing. Increased subsoil drying
increases the concentration of salts in the soil solution. Conversely, the severity
of saline scalds due to secondary salinization may abate as groundwater levels fall in
line with reduced rainfall; this development could have significant impacts on large
areas semi-arid zones. In areas where salinity is a result of recharge processes, salin-
ization would increase if the upstream recharging rainfall increased [144]. Increasing
atmospheric CO2 concentration can reduce the impact of salinity on plant growth
[145].

There is an increase in the minimum temperatures by +0.79 and +0.94 °C in
the last decades in Ghaza district [146], and there is an increase in the maximum
temperatures by +0.29 and +0.26 °C in the same period. Normally the evapotran-
spiration was increased with the increased temperatures; increasing of +1 °C or +
2 °C cased an increase of the annual average evapotranspiration by 45 and 91 mm.
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Therefore the irrigation requirements were increased with an average of 3.28 and
6.68% for the total cultivated area of the studied orchards. In the worse scenario of
increasing temperatures +2 °C, and decreasing precipitation by 10%, the irrigation
requirements will be increased by 8.69% [146].

In coastal Bangladesh, climate change poses a major soil salinization risk. Across
41 monitoring stations, the annual median projected change in soil salinity is 39%
by 2050. Above the median, 25% of all stations have projected changes of 51%
or higher [147]. In Egypt, It is widely assumed that SLR will increase saltwater
intrusion processes in coastal aquifers. The simulations show that the effect of the
global sea level rise in the period from the year 1990 up to 2100 appears clearly
through the coastal topography with relatively low-level elevation adjacent to the
coast [148]. A shift of the interface is expected up to the year 2100 by a maximum
of 43 km covering an area of 1980 km2 according to scenario RCP2.6 (2.6 °C),
and by a maximum of 57 km covering an area of 2870 km2 according to scenario
RCP8.5 (8.5 °C). Overexploitation of groundwater leads to an increase in salinity
concentration up to 5000 mg/l and covers about 10% of the Nile Delta area.

4.3 Impact of Rainfall Scenarios on Soils

With climate change, more frequent extreme precipitation and drought events are
projected [149] which may have greater impacts on ecosystem dynamics than the
singular or combined effects of rising CO2 and temperature [150]. This increase
in the frequency of extreme events may exacerbate the rate and susceptibility to
accelerated erosion, salinization, and other degradation processes, leading to further
carbon losses.

The potential impact of climate changes on soil erosion could be enhanced by
higher precipitation, especially intensive rainfalls and thunderstorms,may result in an
increased rate of erosion and higher surface runoff. Increased rainfall could increase
atmospheric N deposition to soils, may promote soil disturbances, flooding, and sub-
sidence which changes in wetland and waterlogged habitats and also enhance soil
erosion, potentially leading to the pollution of surface waters. Significant increases
in rainfall will lead to increases in leaching, loss of nutrients and increasing acidi-
fication, depending on the buffering pools existing in soils. The direction of change
towards increased leaching or increased evaporation will depend on the extent to
which rainfall and temperature change and consequent changes to land use and its
management. In either case, the situation could lead to important changes in soils
[120].

On the other hand, low precipitation generally reduces the rate of water erosion,
but it may intensify wind erosion. Increased droughts will increase the likelihood
of shrink-swell in clay soils, and disturbance to building foundations and increased
soil temperature may also exacerbate chemical attack to foundations to engineered
structures based on clay caps (e.g., in contaminated landfills), with the likelihood of
increased leachate generation and release of landfill gases [112].
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Evidence for rapid climate change was recorded in the Sinai Peninsula, Egypt.
Analyses of data for temperature and rainfall from 1970 to 2014 show a clear ten-
dency towards decreasing rainfall and increasing average temperatures. This trend
caused severe droughts for many years that were suddenly interrupted by high and
unpredictable rainfall that fluctuated heavily in space and time. If this tendency con-
tinues, the population dynamics of many plant and animal species will be negatively
affected, with many of them being important for local inhabitants [151].

4.4 Geographical Nature of Climate Changes Impacts
in Egypt

Climate changesmay induce different impacts on Egypt’s landwhich could dominate
in certain geographical sites (Fig. 14) and can be summarized in the following:

• The dominance of global warming and increased evaporation from water bodies
(Upper Egypt)

• Sea level Rise and seawater intrusions (North of Delta)
• Rainfall fluctuation (Northern and Eastern coastline)
• Flooding rainstorms (South-Eastern side—North Sinai)
• Unstable River Nile income.

Fig. 14 Geographical distribution of different impacts of climate change on Egypt
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Fig. 15 Distribution of the most deadly rainstorms in Egypt since 1947

4.5 History of Flooding Rainstorms in Egypt

Egypt normally receives relatively little rain, and the heaviest rainfall usually occurs
along the Mediterranean coast. Heavy rainfall from intense storms led to flooding in
parts of Egypt including the Sohag and Bani Suef in Upper Egypt, the Southern Sinai
and the Red Sea. Egypt has been experienced up to 120 deadly rainstorms since 1947
left behind about 4000 dead (unpublished data). The rainstorms events were more
frequently observed through the last decade especially in Sinai and eastern desert
(Fig. 15).

5 Conclusions

For a long time ago, it was believed that soils are innocent victim of the harsh
climate eventswhich cause their deterioration and degradation. Recently, the growing
knowledge of climate change dilemma showed a close feedback circle with soil
environment.
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Agricultural soil is an important driver of GHG emissions, depending on soil
type and composition. Emissions from clay soils are higher compared to sandy soils,
especially in presence of high moisture and organic matter contents and high pH
that encourages the increase CO2 and N2O fluxes. Global warming increases car-
bon dioxide (CO2) emissions with an exponential relationship with increasing the
temperature of the surface layer of agricultural soils. Nitrogen fertilizers are a major
source of N2O emissions both in dry soils due to nitrification process or denitrifica-
tion in waterlogged soils where anaerobic conditions are appropriate for the nitrogen
reduction process. The maximum amount of nitrous oxide is released from the soil
immediately after applying nitrogen fertilizer and for a short period, especially in
the rice fields. The emitted-N2O is 14 times at the rate of 210 kg N per ha. Poor
land management by frequent and extensive plowing, excessive fertilization, heavy
irrigation and complete scraping of crop residues promoted GHG emissions from
soils. Rice and wetland farms are the main source of methane emissions due to anaer-
obic process, accounting for about 20% of the world’s agricultural GHG emissions.
The burning of agricultural waste represents 25% of the total agricultural emissions
Africa. In Egypt, @25Mt of rice husk and sugarcane wastes are burned in open field,
which contributes strongly to climate change in the near future.

On the other hand, agricultural land is a victim of climate change in direct and
indirect ways. Global warming works to accelerate the burning of organic matter in
the soil, which reduces the fertility of soil, water storage and microbial activity, as it
destroys the texture and increases their susceptibility to soil compaction. Soil com-
paction induce negative impact on soil water stable aggregates, infiltration, aeration,
root development which increase soil loss through surface sealing, crusting, runoff
and erosion, which leads to deterioration of soil productivity for food. The surface
layer of soil is expected to lose approximately 55 Mt of carbon by the year 2050,
representing about 17% of total expected emissions. Carbon flux is more frequently
higher from the surface layer of soil cultivated than from uncultivated soils. Car-
bon loss is low and even stored in wetlands, such as in the surrounding areas of the
Manzala and Borolus lakes in northern Delta.

The changes in rainfall and temperature my lead to a considerable shifting in
vegetation pattern which may seriously affect sensitive types of soil flora and fauna
and increased the bacterial to the fungal ratio of the community especially in soils
enriched with organic matter. Global warming generates changes in the pattern of
rainfall.When it decreased, drought dominates the entire area of Egypt and increased
desertification. This is offset by sudden increases in rainfall resulting in heavy floods
that increase surface runoff and erosion. In both cases, large areas of land will lose
their capacity to produce crops.

Global warming induces rising sea level (SLR), which dominates the lowlands.
In Egypt, It is widely assumed that SLR will increase saltwater intrusion processes
in coastal aquifers. The northern delta is one of the most flood-prone areas in the
world. Climate change models showed up to the year 2100 that areas ranging from
1980 to 2870 Km2 will be submerged by sea water.

Egypt’s agricultural land is experiencing increased drought throughout the coun-
try. Northern coasts of the Delta are intruded by rising SLR and salt-affected soils
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cover @10% of the Delta area. The north-west coast is exposed to extreme fluctua-
tion in rainfall events. Waves of heavy rainfall events and flooding frequently sweep
the eastern side of Nile basin and northern Sinai. Egypt has suffered @120 of flood
incidents since the year 1947, which left about 4000 dead and its frequency increased
in Sinai in the last decade.

6 Recommendation

The following recommendations could be drawn up from the discussion in this
chapter:

• Reduce conventional land management and adopt sustainable soil and water man-
agement by reducing deep tillage and increase organic and bio-fertilization on
account of chemical fertilizers which encourage soil carbon sequestration.

• Expanding the cultivation of dry rice varieties and switching of long-duration tra-
ditional cultivars to early-maturing short-duration rice cultivars without reducing
the area of this strategic rice crop.

• Stop the burning of agricultural waste to reduce emissions that increase global
warming and adopt recycling strategies.

• Protection and development of wetlands which could be instrumental in formu-
lating efficient strategies related to carbon sequestration and reduction of GHG in
coast of Mediterranean north Egypt.

• Encourage and stimulate projects to convert crop residues into organic fertilizer,
compost or biochar and return it to the soil as a sustainable conservation stratigy.

• Building farmers’ awareness of modern methods and measures to manage soil and
water in the presence of extreme climatic changes.

• Adopting Climate smart farming systems and provide farmers with appropriate
guidance and on time forecasts to deal with severe weather waves. Expanding the
use of smart systems in land and water management and digital farming systems
that help protect the soil and provide water, fertilizers and pesticides to mitigate
climate change.

• Reduce the use of heavy agricultural machinery and replace it with small light
machines suitable for the small and fragmented agricultural holdings, which
reduces soil degradation on the one hand and reduce carbon emissions from high
fossil fuels consumption.

• Adopting future projects to protect the Nile Delta from sea level rise guided by the
Dutch expertise in this regard and to protect about 1.5 million acres of submersion
and salinity and the consequent serious decline in the food basket in Egypt.

• Expansion of water harvesting projects from rainfall and floods by setting up the
necessary engineering constructions in the most vulnerable areas in Sinai and
eastern Nile Valley to minimize the economic and human losses.



142 R. R. Shahin

References

1. NOAA-NCEI (2017) National oceanic and atmospheric administration—national centers for
environmental information. Global Climate Report, Sept 2017

2. CO2-Earth (2017) https://www.co2.earth/global-co2-emissions
3. Olivier JGJ, Janssens-Maenhout G, Muntean M, Peters JAHW (2016) Trends in global

CO2 emissions: PBL Netherlands Environmental Assessment Agency 2016 Report publi-
cation number: 2315. http://edgar.jrc.ec.europa.eu/news_docs/jrc-2016-trends-in-global-co2-
emissions-2016-report-103425.pdf

4. IPCC (Intergovernmental Panel on Climate Change) (2007) Fourth assessment report on
climate change: climate change: impacts, adaptation and vulnerability. Cambridge University
Press, Cambridge

5. CAMPAS (Central Agency for Public Mobilization And Statistics) (2017) Statistical
yearbook. Issue no. 108. http://www.capmas.gov.eg/Pages/StaticPages.aspx?page_id=5034

6. Selim TH (2009) Egypt’s carbon emissions and the kyoto protocol. Egypt, energy and the
environment. Adonis & Abbey Ltd

7. UNFCCC, United Nations Framework Convention on Climate Change (2016) Egypt THIRD
national communication

8. UNFCCC (2017) United Nations Climate Change Conference (“COP23”) Bonn (Germany)
from 6–17 November 2017. https://www.carbonbrief.org/cop23-key-outcomes-agreed-un-
climate-talks-bonn

9. EEAA (Egyptian Environmental AffairsAgency) (2016) Egypt third national communication,
under the United Nations Framework convention on climate change. EEAA Publications

10. KoponenHT,DuranCE,MjanenM,Hytnoen J,Martikainen PJ (2006) Temperature responses
of NO and N2O emissions from boreal organic soil. Soil Biol Biochem 38:1779–1787

11. Nosalewicz M, Stepniewska Z, Nosalewicz A (2013) Effect of soil moisture and temperature
on N2O and CO2 concentrations in soil irrigated with purified wastewater. Int Agrophys
27:299–304

12. Raich JW, Potter CS (1995) Global patterns of carbon dioxide emissions from soils. Global
Biogeochem Cycles 9:23–36

13. Raich JW, Potter CS, Bhagavatti D (2002) Interannua1 variability in global soil respiration,
1980–94. Global Change Biol. 8:800–812

14. Marland G, Boden TA, Andres RJ (2000) Global, regional and national fossil fuel CO, emis-
sions. In: Trends: a compendium of date on global change. Oak Ridge National Laboratory,
U.S. Oak Ridge, Tennessee, USA

15. Fang Y, Singh B, Singh BP, Krull E (2014) Biochar carbon stability in four contrasting soils.
Eur J Soil Sci 65:60–71. https://doi.org/10.1111/ejss.12094

16. Sun L, Li L, Chen Z, Wang J, Xiong Z (2014) Combined effects of nitrogen deposition and
biochar application on emissions of N2O, CO2 and NH3 from agricultural and forest soils.
Soil Sci Plant Nutr 60:254–265. https://doi.org/10.1080/00380768.2014.885386

17. Xie Z, Xu Y, Liu G, Liu Q, Zhu J, Tu C, Amonette JE, Cadisch G, Yong JWH, Hu S (2013)
Impact of biochar application on nitrogen nutrition of rice, greenhouse-gas emissions and soil
organic carbon dynamics in two paddy soils of China. Plant Soil 370:527–540. https://doi.
org/10.1007/s11104-013-1636-x

18. Stewart CE, Zheng J, Botte J, Cotrufo MF (2013) Co-generated fast pyrolysis biochar miti-
gates green-house gas emissions and increases carbon sequestration in temperate soils. GCB
Bioenergy 5:153–164. https://doi.org/10.1111/gcbb.12001

19. Butnan S,Deenik JL, ToomsanB,AntalMJ,Vityakon P (2016) Biochar properties influencing
greenhouse gas emissions in tropical soils differing in texture and mineralogy. J Environ Qual
45:1509–1519. https://doi.org/10.2134/jeq2015.10.0532

20. Chen ST, Huang Y, Zou JW (2008) Relationship between nitrous oxide emission and winter
wheat production. Biol Fertil Soil (Berlin) 44(7):985–989

https://www.co2.earth/global-co2-emissions
http://edgar.jrc.ec.europa.eu/news_docs/jrc-2016-trends-in-global-co2-emissions-2016-report-103425.pdf
http://www.capmas.gov.eg/Pages/StaticPages.aspx%3fpage_id%3d5034
https://www.carbonbrief.org/cop23-key-outcomes-agreed-un-climate-talks-bonn
https://doi.org/10.1111/ejss.12094
https://doi.org/10.1080/00380768.2014.885386
https://doi.org/10.1007/s11104-013-1636-x
https://doi.org/10.1111/gcbb.12001
https://doi.org/10.2134/jeq2015.10.0532


Soils as Driver and Victim of Climate Change in Egypt 143

21. Tan IYS, van Esa HM, Duxburya JM, Melkoniana JJ, Schindelbecka RR, Larry D, Dean-
Hivelya GW, Moebiusa BN (2009) Single-event nitrous oxide losses under maize produc-
tion as affected by soil type, tillage, rotation, and fertilization. Soil Till Res (Amsterdam)
102(1):19–26. https://doi.org/10.1016/j.still.2008.06.005

22. Neill C, Steudler PA, Garcia-Montiel DC,Melillo JM, Feigl BJ, PiccoloMC, Cerri CC (2005)
Rates and controls of nitrous oxide and nitric oxide emissions following conversion of forest
to pasture in Rondônia. Nutr Cycl Agroecosys 71:1–15

23. Gaillard R, Duval BD, Osterholz WR, Kucharik CJ (2016) Simulated effects of soil texture
on nitrous oxide emission factors from corn and soybean agroecosystems in Wisconsin. J
Environ Qual 45:1540–1548. https://doi.org/10.2134/jeq2016.03.0112

24. Rochette P, Angers DA, Chantigny MH, Bertrand N (2008) Nitrous oxide emissions respond
differently to no-till in a loam and a heavy clay soil. Soil Sci Soc Am J 72:1363–1369. https://
doi.org/10.2136/sssaj2007.0371

25. Schindlbacher A, Zechmeister-Boltenstern S, Butterbach-Bahl K (2004) Effects of soil mois-
ture and temperature on NO, NO2, and N2O emissions from European forest soils. J Geophys
Res 109:d17302. https://doi.org/10.1029/2004JD004590

26. Pilegaard K (2013) Processes regulating nitric oxide emissions from soils. Phil Trans R Soc
B 368:20130126. https://doi.org/10.1098/rstb.2013.0126
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Soil Carbon Sequestration for Climate
Change Mitigation: Some Implications
to Egypt

Heba Elbasiouny and Fathy Elbehiry

Abstract The soil is the largest terrestrial carbon (C) stock, and those factors that
affect C retention and release also influence on atmospheric CO2 levels. Soil C
sequestration represents about 90%of the totalmitigation practices of climate change
and about 10% of emission reduction. There is a great concern of soil carbon (C)
sequestration and its role in absorbing atmospheric CO2 not only because of its
impacts on climate change mitigation but also because of its positive impacts on
the sustainability of crop productivity, soil fertility and soil quality. Cultivation has
resulted in considerable loss of soil C due to chemical and biological decomposition
of soil organic carbon (SOC), as well as erosion by wind and water. However; in
carefully managed croplands, soil C sequestration can be substantial and represents
a potentially constructive portion for mitigating the increased levels of atmospheric
CO2. There is a general agreement that many agricultural ecosystems have a huge
potential to sequester carbon in the soil, which could decrease CO2 concentrations
in the air and mitigate its global emissions. Egyptian soils are low in their C content.
Thus its potential to sequester C is high. Therefore, good management practices
should be considered for enhancing soil C sequestration in Egyptian soils especially
in degraded and desert soil.
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1 Introduction: Climate Change and Carbon Cycle

Climate change, tropical deforestation, biodiversity loss and desertification are global
environmental issues getting serious attention all interested of scientists, citizens, and
policymakers. These issues are related to land-use systems.Climate change is a global
environmental concern [1]. An increasing trend of the atmospheric temperature and
global changes in the weather conditions are indicated to as climate change [2]. Cli-
mate change has the potential to impact natural systems such as forests and socioe-
conomic systems than their services such as food production and coastal settlements
all over the world [1]. This is a major environmental and socio-economical problem,
and in the lack of potential mitigation and adaptation processes, climate change can
negatively affect a lot of parts worldwide, including environmental resources and
ecosystem services [2].

There are strong scientific indications that anthropogenic greenhouse gases con-
centration is the primarily responsible for most observed increases in global average
temperatures since the mid-20th century [3]. There are two anthropogenic processes
that contribute greenhouse gases to the atmosphere; fossil fuels burning and changes
in land use [1, 2]. The ongoing climatic changes by anthropogenic activities include
emissions from fossil fuels burning (292 Pg C) and land-use change (136± 30 Pg C),
deforestation, and soil cultivation [4]. However, it is mentioned that in the period
1750–2011, the contribution of Land Use and Land Use Change (LULUC) to car-
bon emission are estimated to equal to 180 ± 80 Pg C. Therefore, understanding
the biological mechanism regulating the carbon exchanges (between land, oceans,
and atmosphere) and their exchange responses to climate changes through climate-
ecosystem feedbacks is very important [2, 4]. Scenario modeling indicates that if
this issue left unchecked, the rise in average temperature globally could be 2 °C or
greater by the end 21st century. This increase in global temperatures can result in
significant changes in climate then ecosystems such as increased duration and inten-
sity of extreme events, affecting food, fiber, energy security, and natural resources.
To address the climate change issues, new accessible and reliable information, either
nationally or locally, about land and water resources will be needed to assist mangers
of these resources to make a suitable decision [3].

The soils of the world play a critical role in the global C cycle [5]. Following
fossil fuels, SOC is the largest terrestrial C stock [2]. This crucial role is given, not
only because of the size of the soil C reservoir (1576 Pg) (Pg = 1015), but also
because of the dynamic character of some SOC fractions [6]. Climate change can
significantly affect soil carbon (C), since changes in temperature, rainfall patterns and
CO2 concentrations influence C inputs to soil, and soil C decomposition. Recently,
the impact climate change on global SOC stocks has been widely recognized [2].

Because of an immediate and long-term threat to the entire biosphere and human
systems on the earth posed by global warming poses as reducing the emissions of
GHGs and sequestering atmospheric CO2 are the fundamental solutions. There are
many different available options, terrestrial carbon sequestration, particularly in the
soil is count as a ‘win–win’ strategy because generally management practices that
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lead to increasing carbon in the soil also enhance soil fertility [7]. Different man-
agement systems can modify SOC stocks, mitigating or worsening climate change
through acting as a sink for storing C or as a source for C emission. For reducing
and managing greenhouse emissions, SOC sequestration through agricultural and
forestry management is important. Therefore, during the last few years, prediction
of SOC stocks in the different ecosystem has become a crucial issue, because of the
probable effects of C on upcoming climate change. On the other hand, understand-
ing the effect of land cover/land use and expected climate change on SOC stocks
provides valuable information to improve approaches to land planning. However,
uncertainties in climate change studies are high so investigating several scenarios is
essential [2].

2 Emissions of CO2: Reasons and Mitigation

Terrestrial ecosystems release greenhouse gases (GHGs) (i.e. carbon dioxide (CO2),
methane, and nitrous oxide) and act as a sink when storing carbon (C) in vegetation
and soil [4]. As levels of CO2 and other GHGs in the atmosphere have been increas-
ing, rising concern over the impact of these gases on world climate systems has
been elevated which led to increasing the awareness towards the global carbon cycle.
Therefore, international negotiations are held for reducing GHGs level in the atmo-
sphere [8]. The actions for mitigating GHGs impacts increased with the adoption of
United Nations Framework Convention on Climate Change (UNFCCC) in 1992 and
the Kyoto Protocol in 1997. The prime objective of this convention is to stabilize the
level of greenhouse gases at the level that would not cause further damage; especially
anthropologically; to the climate system [9].

Anestimated emissionofGHGs fromagriculture, forestry and land-use is approxi-
mately 24% (concentratedmainly inmainlyCH4 andN2Oof total global atmospheric
emissions of GHGs [10]. Global cultivated soils are estimated to release about 50
Pg C into the atmosphere via mineralization of SOC [11]. Although soil is the main
terrestrial organic carbon (OC) stock, representing 75% of the Earth’s terrestrial OC,
it can act as a sink or a source of carbon and atmospheric CO2 with direct influence
on the greenhouse effect [12].

Available data indicate that, managed soils have historically been a net source
of atmospheric CO2 contributing to more than 20% of the annual increase of CO2;
3.2 Pg C in the atmosphere, however, soils can be a net sink for C through enhance-
ment of long-term C storage or sequestration in the soils and thus reduction in CO2

accumulation rate in the atmosphere [6]. Therefore, measurement of CO2 flux has
been considered as a reliable and sensitive indicator of C cycling in response to soil
management practices [13]. There are many factors affecting the rate of CO2 flux
from agricultural soils and these factors vary temporally and regionally. These fac-
tors are representing in management practices (such as the addition of exogenous
organic inputs, quantity and quality of litter inputs), environmental conditions (i.e.
temperature and soil moisture) and the soil microbial community. It is reported soil
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respiration as a main source of CO2 released from the soil; it changes with different
climatic conditions, ecosystem type and SOC concentration [14]. Moreover, it is
reported that a substantial amount of total global CO2 emission comes from the soil
through mineralization and OM decomposition, and roots and organism respiration
in the soil. Therefore, even a small change in the flux of soil CO2 can greatly influ-
ence atmospheric CO2 levels [13]. In addition, it is stated that in agriculture, CO2

is released by (1) decomposition of crop residues and SOC, which is enhanced by
intense tillage practices, (2) production and application of crop inputs, (3) using fossil
fuels directly in farm machinery, and (4) burning or oxidation of biomass. The only
process of CO2 uptake is photosynthesis, and the only stock that can sequester C is
the soil. Subsequently, net carbon emission indicates loss of CO2 from biomass and
soil to the atmosphere through decomposition or combustion. Net carbon removal
or sequestration indicates net CO2 uptake and storage in biomass and soil [1, 15].
Hence, soil can serve as a source or sink for atmospheric CO2 depending on the
agricultural management practices employed [13].

3 Soil Carbon Sequestration for Climate Change
Mitigation and Greenhouse Gases Reduction

The effects of land use changes on SOC stocks are amatter of concern in international
policy agendas on greenhouse emissions mitigation [12]. There are two potential
measures to balance global C cycle; either cut the emission rate of CO2 and/or to
develop natural C sink that can absorb the increasing level of CO2. Increasing forest
areas can be a sustainable way to mitigate elevated atmospheric CO2 concentration
[14]. Sequestration of SOC, as a key tool of the strategy of climate changemitigation,
is ideal in natural ecosystems that have high plant primary productivity and low
SOC decomposition [16]. Also, since the United Nations Framework Convention on
Climate Change, there has been increasing interest in afforestation to sequester CO2

from the atmosphere. More attention is paid to environmental restoration of land use
change by afforestation as an appropriate prescription and one of the most currently
effective and applicable carbon sequestration strategies. As well, the role of soils in
the sequestration of SOC is so crucial that the Kyoto Protocol (article 3.3) and the
Paris agreement involved it as an important portion for managing [12].

The dynamics of SOC stocks and the role that the soil may play in the long-term
storage and sequestration of atmospheric CO2 are of great concern not only because
of their impacts on climate change mitigation, but also the sustainability of crop pro-
ductivity, and soil fertility [17]. Although cultivation has resulted in considerable loss
of soil C due to chemical and biological decomposition of SOC, in carefully man-
aged croplands, soil C sequestration can be substantial and represents a potentially
constructive measure for mitigating the increased levels of atmospheric CO2 [18].
There is a general agreement that many agricultural ecosystems have the potential
to sequester more carbon in their soil [15]. CO2 sequestered in the soils is slowly
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decomposed and transferred into the atmosphere by the diffusion process between
the surface soil and atmosphere [14].

Adoption of best management practices may make agricultural soils an effective
C sink because the C content of the soils is below the C saturation point, whichmeans
that an equilibrium C content at which no extra additional C can be sequestered over-
time under a steady C input. For example, fine-textured paddy soils are more efficient
for C sequestration when compared with dry soils; because of slow decomposition
rate ofOCunder submerged or anaerobic conditions over the cultivation season.Min-
imum or no tillage, cover cropping, the addition of organic amendments, balanced
fertilization, and rotational cropping are the most common used best management
practices to increase C sequestration in soils [19]. It is stated that in cropland, a
high level of SOC could be accomplished through appropriate methods such as crop
rotations, proper application rates for inorganic fertilizers and organic manures, con-
servation tillage methods, and integrated soil fertility management. Such enrichment
of the SOC stock will help in preserving good soil health for sustainable crop produc-
tion as well as inmanaging global climate change [17]. However, soil C sequestration
relying on the traditional best management practices is not always effectual because
of loss of applied OC and native soil C loss because of soil disturbance by cultivation.
It is emphasized on that application of organic amendments in agricultural soils not
only improvs physical, chemical, and biological soil properties and decrease nutrients
leaching but also can mitigate GHGs emissions. They referred to biochar application
for this purpose. As well, applying balanced fertilization with synthetic fertilizer for
rice production, for example,may producemore rice plant residues, but residue incor-
poration may not necessarily enhance soil C sequestration because of such residues
are easily decomposed during cultivation. Also, green manure application among
organic nutrient sources, may not directly contribute to soil C sequestration because
of its faster decomposition rate. Although, application of livestock manure compost
which has recalcitrant C can enhance soil C sequestration; compost application may
decline rice crop due to its low nutrient availability. In this context, the application
of mineral amendments that have a high specific area, such as coal fly ash, along
with organic fertilizers as a source of nutrients can be effective to enhance soil C
sequestration via soil C stabilization [19–21].

Carbon sequestration in soils is typically expressed as the change in the total
carbon stock through the time. However, this method does not separate the fractions
of carbon that can be easily lost back to the atmosphere. For this reason, it is argued
that carbon sequestration should consider only the fraction that stays in the soil for
a long term. In this respect, soil C has been categorized into three stocks; active
(residence time 1–5 years), slow (20–40 years) and passive (400–2000 years) based
on their residence times [7]. Therefore, valuation the relative percentages of the
different C stocks along with C tracing using stable C isotopes has great promise
for better understanding of soil response to the changes in management or in the
climate. In this respect, it is emphasized that soil microbes act as a mediator in soil C
sequestration process because they are involved in most of the processes in C storage
and decomposition [22].
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Briefly, carbon sequestration is defined as the storage of carbon in long-term ter-
restrial or aquatic C stocks, resulting in reducing the atmospheric CO2 concentration
[15]. It is reported [23] that stabilization of soil organic matter (SOM), thus, soil C
sequestration can occur through important biochemical and physical mechanisms.
Biochemical processes include interactions of recalcitrant litter that slow or inhibit
microbial degradation, and chemical conversions through humification and other
oxidative reactions that lead to the synthesis of new more resistant compounds to
decay than their precursors. Conceptualmodels of SOCdefine three protectionmech-
anisms: (i) silt + clay protected SOC (i.e. mineral particles <53 µm), (ii) microag-
gregate protected SOC (i.e. 53–250 µm), and (iii) biochemically protected SOM
because of its chemical composition and through chemical complexing processes.
Also, a fourth SOC stock is defined as the unprotected carbon (C), which is comprised
in part of particulate organicmatter (POM) [24]. Thus; soil sequestersC through some
processes such as humification of OM, the formation of organo-mineral aggregates,
incorporation of OM in a subsurface layer beneath the plow zone, the addition of
deep root residues and precipitation of carbonates as SIC [18]. It is reported that in
photosynthesis, plants utilize atmospheric CO2, and store organic C above and below
ground biomass. Therefore, using growing plants is an important mean not only to
remove CO2 from the atmosphere but also to convert atmospheric CO2 to usable
food, fiber, and excess biomass, and improve the conversion of the excess biomass to
SOC. Although field studies have long documented the ability of plants to transport
C from the atmosphere to the soil, national inventories that quantify the amount of
C being stored are relatively new but necessary for any type of full C accounting
system [8].

4 Soil C Stock

4.1 Soil Organic C Stock

The SOC plays a fundamental role in improving soil quality, sustaining, and improv-
ing crop productivity and providing other ecosystem services, such as enhanced soil
structure and water retention. As well it plays a very important role in mitigating
global warming through reducing the net atmospheric CO2 [25–28]. The SOC is the
largest terrestrial C stock with a global estimate of 2344 Gt, stored in the top 3-m soil
layer and 1115–2200 Pg in a meter soil profile [11, 16, 29, 30], it contains approx-
imately twice as much as carbon in the atmosphere [31]. The global SOC stock in
the top 1 m is approximately 1500 Pg (1 Pg = 1 Gt = 1015 g) C. Agro-ecosystems,
representing 10%of the total terrestrial area, are amongst themost vulnerable ecosys-
tems to the global climate change impacts because of their large carbon stock. Small
changes in SOC stock may have considerable effects on the carbon dioxide con-
centration in the atmospheric [29, 30]. Moreover, it has been reported that a 1%
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increment SOC content of the surface soil (0–20 cm) could increase cereal yield by
430 kg ha−1 and decline yield variability by 3.5% [27].

Many studies in the last decades have reinforced the role of soil as a C sink,
the importance of SOC in the global C cycle and the potential feedback to climate
change. Hence, scientists worldwide have paid their attention to the potential factors
that may affect the storage of C in the soil. For example, land use and management
systems, the application of crop residues or agro-food industry wastes, temperature
and precipitation, soil properties, landscape position, slope … etc. [26, 27]. Thus,
there is always an urgent need for the adoption of restorative management practices
in agricultural soils for improving the soil fertility and environment.

Aswell, the shifts in climatic factors such as temperature and precipitation notably
affect the change of SOC because C sequestration in the agriculture soil is a function
of both primary production and decomposition of organic matter (OM), which effect
by these factors [29]. As well, the agricultural SOC stock can be strongly affected
by human activities, such as land use changes, which influence the input of OM and
soil carbon source and alter the soil structure and the equilibrium of OC by changing
the cultivation practice, and ultimately change soil carbon sequestration capacity.
Therefore, changes in such practices as tillage and fertilization along with land use
can directly affect soil physicochemical and microbiological properties and affect
the ability of soil aggregates and OC content [31]. According to different studies
worldwide, there are many management practices can be used for enhancing SOC
such as zero or reduced tillage, mulching and residue management or composting,
application of organic fertilizers and manure, improved rotations, use of improved
crop varieties, and water management [32]. However, others have argued that claims
about the possible benefits of increasing C inputs to the soil must be made carefully
because of the uncertainties regarding the quantity that can be sequestered under
different climates and soil types. Therefore, it is an urgent need to highlight the
relationships between C inputs, SOC sequestration and crop productivity [27].

As well, early detection and prediction of changes in a long-term monitoring of
SOC contents are crucial to achieve an effective management of SOC not only to
minimize SOC loss and reductions in soil fertility, but also to focus on strategies for
soil C sequestration should be focused in the subsoil together with the use of appro-
priate recommended management practices [32]. However, short- and medium-term
changes in soil total organic C (TOC) are hard to detect due to the high background
C and temporal and spatial variabilities of recalcitrant C [11, 25].

Since SOM is a complex and heterogeneous entity comprising of a continuum
of materials, which have different degrees of stabilization and turnover times, the
response of SOC to land use can be better understood by isolating different fractions
of SOC. The SOC stock can be chemically divided into labile organic C, semi-labile
organic C and recalcitrant organic C. Compared with recalcitrant OC, labile and
semi-labile C stocks have smaller sizes while higher bioavailability with short or
medium-term storage, thus they are more sensitive to environmental changes. Since
the changes in SOC fractionsmay affect both nutrient supply and soil C sequestration,
it is required to fractionate and quantify those stocks for a better understanding of
the impact of land-use on SOC kinetic [11, 30]. Labile organic C fractions include
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microbial biomass C (MBC), dissolved organic C (DOC), and easily oxidizable C
(EOC). As those fractions respond relatively rapidly to land use and soil management
practices, it is suggested to be used as early and sensitive indicators of SOC changes
[11, 25].

4.2 Soil Inorganic Carbon (SIC) Stock

The SIC is a large stock too; nevertheless, the national or global studies on SIC
storage and content have been more tentative and have only focused on local or
regional assessments than estimates of SOC stocks [33]. The SIC stock consists of
elemental C and carbonate minerals (either primary carbonate which formed because
of weathering; or secondary carbonate which formed because of CO2 dissolution in
soil water) [34, 35]. Most of the SIC exists as carbonates and is supposed to occur in
soils of arid and semiarid regions [33]. Although the role of inorganic carbon (IC)
in the C sequestration process is less important than OC, SIC stock determination is
very important for assessing the role of soil as a sink for CO2 [36]. Therefore; carbon
stock, either organic or inorganic, is not only important to soil productivity and soil
functions, but also to C sequestration and global C cycle [37].

5 Soil Nitrogen (N) Stock and Its Relation to Soil Organic C

The SOM is a primary indicator of soil quality because its influence on soil physical,
chemical, and biological properties and functions, subsequently soil productivity.
Therefore, quantitative assessment of SOM is important for better understanding
the dynamics of SOM and providing valuable information for decision making to
determine management practices for maintaining or increasing productivity. The
measurements of SOM quality and quantity such as soil total N, SOC and soil C/N
ratio are themostwidely recommended indicators of SOMquality. The labile fraction
of SOM such as microbial biomass, water extractable organic N, and light fraction
and particulate organic matter N are more sensitive to management-induced changes
and therefore can serve as early indicators of possible changes in SOM quality [38].

The global N stock in SOM is estimated by 1.33× 105 Tg N (1 Tg= teragram=
1012 g = 1 million tons) compared with 3.9 × 1012 Tg N in atmosphere and 3.5 ×
103 Tg N in terrestrial biomass. Nitrogen in soil is mainly stored in organic form
(90%) and the rest 10% is stored as inorganic N (NH4+ and NO3−). Soils vary in
their capacity to fix N, for example; the sandy soil has a little capacity to fix N than
clay soil [39, 40]. The N stocks also are strongly influenced by the land use and
management practices, OM additions, topographical position and climatic condition
[26].
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Nitrogen is frequently a limiting factor for growth and re-establishment of vege-
tation in disturbed or degraded soils. Thus it is essential for increasing SOC concen-
trations. Therefore, inputs of N should be considered in any future restoration and
sequestration efforts. Total N (TN) and SOC are largely related to SOM accumula-
tion, and hence, always follow similar patterns [41]. Because of this joined cycling of
C and N, assessment of the total nitrogen (TN) is important in all SOC stock studies
because of the effective impact of soil N dynamic on SOC sequestration [42, 43].

There is a rising research interest in N deposition effects on carbon sequestration
in forest ecosystems. Increased N deposition can affect forest ecosystems in several
directions such as increment of foliar biomass and efficiency of photosynthesis, and
thus increase forest ecosystem biomass, reducing allocation to fine roots, reducing
respiration rates, accelerating N saturation in areas of high nitrogen in soils, and
consequently cause leaching loss of N and base cations to aquatic systems. It was
suggested that N deposition may increase the net primary production (NPP) at first,
but then NPP declines with N saturation which will affect acquiring atmospheric
therefore an affecting sequestered C. However, there is a suggestion to consider
regional or site-specific in the investigation the effects of increasing N input on C
sequestration [43]. It is stated that optimizing fertilizer N inputs, may increase SOC
content through increasing crop productivity and subsequently the residues amount
returned to soils. They also added that excessive N fertilization might suppress the
microbial communities or stimulation of mineralization of old native organic which
lead to blocking SOC sequestration [5]. In this context also, it is reported that the
amount of N sequestered or lost was still closely associated with the C dynamics,
showing that similar controls apply to both [44]. It is explained that the relationship
between C and N sequestration by that SOM, as indicated by soil C and N levels, can
directly impact crop production. The increase in crop productionwith increased SOM
storage is a result of enhancing soil structure and improving soil water–nutrient–
crop productivity relationships. Sequestration of C in the soil can also conserve N,
because SOC and total N (TN) levels are highly related [45]. Crop residues type,
and its properties (i.e. C/N ratios or quality of the residues) has an important role
in C sequestration and soil aggregation. C/N ratios often govern the degradation
of fresh crop residues, however, undergoing residues decomposition will make it
more recalcitrant. Subsequently, degradation becomes controlled by lignin contents
or lignin/N ratios. Thus, confirm on the ability of soils to sequester C is highly related
to N [46].

6 Required Variables for Calculating Soil C and N Stocks

The most appropriate method to study the organic C and N content in the soil is
on a unit area basis, for a specific interval depth. This requires more information
about the spatial variability of different soils and their content of C and N and bulk
density. Commonly, reference depth intervals of 0–0.3 m and 0–1 m are used in
studies of SOC stocks. The first layer encompasses the depths that are most directly
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interacting with the atmosphere, and most sensitive to land use and environmental
changes [47]. It is supposed that the changes in SOC related to land-use change occur
almost entirely in the surface soil (i.e. 30 cm) because deep SOC is inert on timescales
<100 years and is transported slowly downward relative to plant sources. Because of
these assumptions, most ecosystem biogeochemistry models and researches, which
estimate the response of vegetation and soil to climate change, land management,
and other factors, consider C dynamics in only the upper 20–30 cm of soil [48].

The soil C or N stocks are determined from two key variables: (i) concentration
and (ii) bulk density (BD), which are both prone to changes over time. To quantify
the sequestration rate in soils based on frequent sampling designs, it is essential to
assess both variables every time [49]. The BD is required for converting soil C or
N measurements (e.g., mg C g−1 soil) to an area base using units of area or volume
(e.g., g C m−2 soil) [50]. However, many studies in the past did not include BD
measurements. The BD is a function of parent material, soil genesis in addition to
soil aggregate formation and may change by tillage and compaction because of land
use changes, erosion, seasonal wet/dry cycles, and anthropogenic disruption [49].
Bulk density is a critical soil property that influences many other soil properties and
functions such as infiltration rates, aeration, root proliferation, and plant growth.
Since BD is one of a critical component of stocks measurement and it can be altered
by land use and land covers, careful and spatially-intensive measurements of BD are
critical for accurate extrapolations. Although BD is a simple soil attribute and widely
assessed by ecologists, engineers, and soil scientists, minor differences in methods
can cause considerable impact estimates of C or nutrient stocks sizes [50].

Bulk density is negatively correlated with SOC or soil N concentration in many
soils [49, 51, 52, 53]. The correlation between SOC and BD has been used widely
to estimate BD from SOC concentrations [49, 52, 53]. The SOC stocks may also be
underestimated because of increasing bulk density, as SOC stocks are a function of
bulk density and SOC concentration [41]. This also is applied on soil N stocks. How-
ever, stocks inventories cannot be completed using only one of these two variables,
even though both were weakly correlated with each other [49].

7 Factors Controlling of Carbon Stocks in the Soil

Many factors determine themaximum soil C stock and SOC sequestration such as the
age of ecosystem, climate, parent material, physiography, drainage, and soil proper-
ties (i.e. clay content, clay minerals, nutrient reserves …). As well, soil drainage and
moisture regime, beside soil aspect and landscape position [54], plant species com-
position, root biomass, period of the experiment are important factors controlling
soil C stock [22, 25, 26]. For example, total SOC can be increased with increasing
precipitation, while the opposite is true with increasing temperature. Under similar
climate conditions, soil texture may be the controlling factor of SOC outputs through
decomposition because there is a negative relationship between SOC mineralization
rate and soil clay + silt content [22]. Indeed, land-use has been realized as a key
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factor that determines the size and kinetic of SOC stock because of its influencing
on the balance between SOC inputs (e.g. plant litter) and outputs (e.g. mineraliza-
tion of SOC) by altering plant community and land management practice [30]. Also,
optimizing agricultural management practices are very important factors that can
increase C inputs and decrease C outputs such as fertilizer application, straw-return,
or conservation tillage [25]. The impact of topographic aspect on SOC is widely
realized. However, relatively few studies have been conducted to examine its role on
SOC contents globally [26].

7.1 Soil Properties

Soil parentmaterial can have amajor impact on the functions of ecosystemvegetation
and soil, hence deeply influence SOM stock. Soil parent material has been noticed
to be an important factor affecting regional SOC and soil N stocks [55]. Young
and Spycher [56] found that C levels increased with decreasing particle size. Heavy
textured soils had a larger C storage capacity than those with a light texture, which
had already attained their estimated capacity [24]. Thus, the properties of coarse
textured soils such as low clay content and a shortage of water-stable aggregation are
major factors that limit the C and N storage capacity [57]. Zhang et al. [28] as well,
emphasized on the favorability of SOC accumulation in soils with finer particles are
favorable and attributed that to the stronger adsorption ability of soil clay and silt
to SOC. The protective effect of soil clay on OM involves the interaction of OM
with the surface of the clay particles (cation bridges, hydrogen bonds, electrostatic
and van der Waals interactions) and the occlusion of organic material in the matrix
of soil aggregates [58]. Nelson et al. [59] mentioned that clay with its high surface
area protects OC from decomposition on developing stable clay-organic complexes.
However, such a relationship between clays and OC does not always occur. Bot and
Benites [60]mentioned that SOM tends to increase as the clay content increases. This
increase relies on two mechanisms; (1) bonds between the surface of clay particles
and OM retard the decomposition process and (2) soils with higher clay content
increase the capacity for aggregate formation. Macroaggregates physically protect
OMmolecules from further mineralization caused by the microbial attack. They also
mentioned that in similar climate conditions, the OM content in clayey soils ranges
from 2 to 4 times its corresponding of sandy soils.

Soil aggregation as well have a great influence on the physical characteristics of
the soil. Well-aggregated soils provide a larger pore space, a higher infiltration rate
and better gaseous exchange between soil and atmosphere than poorly aggregated
soils, resulting in enhanced microbial activity. Soil aggregation and SOM dynamics
are largely linked. Each of aggregates and SOM plays an important role for the
other. SOM thought to be physically protected within aggregates and at the same
time, aggregates are formed by binding SOM with mineral particles to form of
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different sizes. The protection of SOM is desirable in the soil since SOM is widely
recognized as a key component in nutrient cycling. Furthermore, the retention of SOC
is becoming more important since the rise in atmospheric CO2 and global warming
are recent concerns [61].

7.2 Climate Conditions

Climatic shifts in temperature and precipitation significantly affect SOC because the
soil C sequestration is a function of both primary production and decomposition of
OM in agricultural soils [29]. Generally, SOC tends to accumulate in areaswith lower
temperatures and higher precipitation [28]. Both the increase in global temperature
and the decrease of precipitation due to climate change may result in an overall
decrease in the SOC storage especially in the critical areas which have typically low
SOC contents such as Mediterranean areas. The agricultural soil in these areas are
particularly vulnerable to climate change, i.e. most climate models predict higher-
than-average increases in temperature and generalized decreases in precipitations in
most of these areas [32].

7.3 Land Use

Land use is a key determining factor of soil carbon stocks. Any change in land use
influences on the flow of soil C stock to the new equilibrium point is finally reached
under the new land use conditions. The equilibrium C content is a key feature of
each soil depending on climate, soil type, vegetation nature and the balance between
C inflows and outflows under certain vegetation [62]. Land use change is the second
main reason for carbon emissions after fuel consumption [11]. Conversion from the
forest or natural grasslands for example to croplands can disturb soil and vegetation
and ultimately lead to a dramatic depletion of soil carbon stocks and nutrients [11, 16,
32, 62]. As well, land use affects SOC stocks mainly by changing plant species and
management practices [30]. Land use contributes approximately 25% of total global
anthropogenic GHG emissions, 10–14% of this total are resulted from agricultural
production either via emissions from soils or livestock management, while 12–17%
are from land cover change. Land use changes mainly have an influence of food,
fiber and fuel demands of a growing population can critically affect soil’s capacity to
store C [32]. Soils have lost 40–90 Pg C due to historical land-use, mainly through
deforestation and reclamation [30]. Mathew et al. [62] estimated that soils over the
world had lost between 25 and 75% of their C stocks due to some factors such as
soil degradation, vegetation changes and tillage operations. Land use change and
land mismanagement (such as the use of excessive plowing, residue removal and
biomass burning, and farming practices where nutrient balance is often negative)
have not only depleted SOC stocks dramatically but also leads to loss of C from
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soils to atmosphere. This is estimated by 3.5 C Pg annual increase in atmospheric C,
which means that soil acts as a C source and atmosphere acts as a C sink [54, 62].

Forests is important ecosystems, however, over the time, forest surface area has
decreased due to increasing human development. Recently, the attention is paid to
forests not only because its providing of wood products to society in addition to other
important ecosystem services, such as recreation, habitat functions, water regulation,
water erosion control, and improved air quality, but also because of its potentiality
of C sequestration in addition to biomass provision for bioenergy. This also illus-
trates the possible trade-offs even within the theme of climate change mitigation
[26]. The overall decrease of SOM in croplands has become a threat to soil sus-
tainability. The COP21 conference held in November 2015 in Paris resulted in the
adoption of a “4p1000” initiative aiming at favoring C storage practices to mitigate
greenhouse gas emissions such as recycling of organic waste treatments originating
from urban, industrial, and agricultural activities. This will be a promising source
of C stocking amendments that can also substitute synthetic fertilizers [63]. There-
fore, restoration processes and converting agricultural soil to a more natural land use
opposites some of the effects responsible for SOC depletion as a result of the conver-
sion of natural to managed ecosystems. Applying ecological management concepts
to natural resources, such as nutrient cycling, favorable C budget, enhancing soil
biodiversity and soil mixing by macro invertebrates, may be an important factor to
improve soil quality and SOC sequestration [54]. Retention of crop residues, no till
farming and crop cover incorporation in a diversified rotation cycle (i.e. Conserva-
tion Agriculture), integrated nutrient management techniques of utilizing compost
and biosolids, erosion control, water conservation, contour hedges with perennials,
controlled grazing etc. are so important techniques of land use and soil management.
Such techniques lead to C sequestration with an average long-term SOC sequestra-
tion rate 200–1000 kg/ha/year in humid temperate regions and 50–250 kg/ha/year
for in tropical regions. Also, SIC sequestration rate is about 5–25 kg/ha/year in arid
and semi-arid regions [54].

Hence, understanding the influence of SOCby future climate and land use changes
can help landmanagers and policymakers to develop appropriate land planning strate-
gies. However, examiningmultiple scenarios to understand the range of potential out-
comes is crucial when assessing future environmental and anthropogenic changes
[32].

7.4 Topography

Topography is one of the key factors of soil formation. The topography (i.e. slope,
position, and topographical direction), associated with elevation [26]. Topography
is one of the most affecting factors on soil C and N contents at the field level.
However, topographical effects are probably differing in magnitude in different agri-
cultural systems [64]. Topography plays an important role in temperature and mois-
ture regimes because of differences in insolation period based on site aspect, which
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affect microclimate differences, then affects the distribution of plant communities
and soil processes. Solar radiation influences the temperature regime, which affects
soil biological and chemical processes then vegetation distribution. Consequently,
soil temperature is a limiting factor controls the rate of biomass decomposition.
Therefore, OM content in soils in warm climates are usually less than its corre-
sponding in cooler climates due to higher mineralization rates. On the other hand,
when the average annual of rainfall increases, the SOC content increases. There-
fore, aspect, through its influence on soil temperature and water content, can affect
microorganism activity which leads to inhibiting or accelerating SOC decomposi-
tion, hence on SOC distribution [26]. Moreover, topography affects soil C through
erosion and distribution of both of fine soil particles and OM across the landscape,
and water is leading to variance in leaching, infiltration, and runoff potentials [64].
Land use along with topographic position (aspect) are two factors affecting SOC
accumulation. Therefore, considering the combined effects of these factors on SOC
accumulation is very important in restoring the ecosystem and sequestering C [26].

8 The Impact of Soil Carbon Sequestration
on the Sustainability of Agroecosystem and Crop
Productivity

Cropland soil has a huge potential to sequester C (0.4–0.8 Pg year−1), which could
decrease atmospheric CO2 and mitigate global emissions. Also, because SOC is cru-
cial to soil physical, chemical, and biological properties, loss of SOC, the decline in
soil structure and overall degradation of the soil resources are standard features of
nonsustainable land use. Therefore, more SOC sequestration could help into reserve
these features and in sustaining soil fertility and agronomic productivity [65, 66].
Thus, soil C sequestration along with improving agricultural productivity is a win–
win strategy [67]. Hence, Lal et al. [67] stated that some reports indicate inducing
improvement in soil quality can lead to more C sequestration, climate change mitiga-
tion and improvement in agricultural productivity. However, they considered some
concerns of the significance of SOC sequestration to climate change mitigation and
on agronomic yield [67]. Since SOC is critical for the security of food production
because it provides substrate and energy, moreover it protects the biodiversity that
helps to preserve soil quality and the functioning of the ecosystem. Thus, the preser-
vation and sequestration of SOC become great challenges that humanity must face to
highlight the double crisis of global change and food insecurity [30]. Although, the
major goal of any agricultural management strategy is enhancing crop productivity;
environmental sustainability is a major issue for the continuing stability of the agroe-
cosystems. Therefore, maintaining SOC is essential for the long-term sustainability
especially in dryland agroecosystems [13].
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9 Management Practices and Soil Carbon Sequestration

The dynamics of the SOC stocks are depending on the balance between C inputs and
outputs through different pathways and is strongly influenced by soil management
practices. It has been shown from different studies that balanced fertilization with
NPK in combination with manures increased SOC concentrations and maintained
high crop yields [17]. However, soils have lost 50–75% of the original SOC stock in
the managed ecosystems. The main reason of SOC stock depletion when converting
natural to managed ecosystems is lower C input into the agricultural ecosystems,
in addition to higher losses in managed ecosystems than natural ecosystem due to
erosion, mineralization and leaching. Tillage and other soil disturbances may cause a
decline in SOC stock through disrupting soil aggregates, then considerably accelerate
the decomposition of SOC because of exposure of organic molecules to biological
attack or air. Some studies indicate the possibility of SOC to redistribution and
release into the atmosphere to the water through soil erosion [30]. The maximum
soil C sink capacity approximately equals the historic C loss, is the amount of C
that can potentially be stored in the soil [54]. Improved management practices, such
as fertilization, applications of animal manure, the incorporation of straw in the soil
and residue management practices, can increase SOC stocks of agro-ecosystems [27,
54]. However, improving and maintaining SOC stock particularly in dryland soils
are major challenges due to high temperature and frequent drought stress. There-
fore, application of plant nutrients and organic amendments, including the legumes
incorporation in the crop rotation, enhance soil fertility and sustainability [54], crop
rotation [38]. Thus, optimizing agricultural management through the efficient use of
fertilizers, irrigation, and tillage operations can often enhance C sequestration while
simultaneously reducing the C emissions associated with agricultural inputs such as
fertilizers and on-farm fuels [15].Wright and Hons [46] mentioned that management
strategies, such as no-till and rotations with multiple crops high-intensity cropping
sequences, play significant roles in SOC and SON sequestration.

10 Soil Carbon Sequestration in Arid and Mediterranean
Sea Region

Agricultural soils have lost about up to 50% of C from the plow layer compared with
undisturbed systems and for this reason, provide an opportunity for C sequestration.
Utilizing agricultural management practices such as growing cover crops and adopt-
ing minimum tillage and no-till practices instead of conventional tillage has been
shown to lead to enhanced soil C sequestration. The application of such practices
regarding increase sequestration of C in the soil has received increasing attention
under the aim of mitigating greenhouse gas emissions, but information is limited
with respect to arid and semiarid climates [68]. Generally, soils in the Mediterranean
region are characterized by low OM content (around 1%) due to the great majority
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of them being agricultural soils, meaning these soils have low C additions from plant
residues, low-density tree cover, and they are subjected to management practices that
lead to C losses. In Mediterranean forest areas, the effect is the opposite, as many
of these forest soils are rich in OM; as a result, these soils store a large amount of
C affecting the global C cycle. This means that these soils are characterized by high
SOC [26].

In addition to C sequestration, several land-use options that increase OM and
tighten the soil nitrogen (N) cycle can yield powerful synergies, such as enhanced
fertility and productivity, increased soil biodiversity, reduced erosion, and runoff
and water pollution. Although strategies involving land use conversions from crop
production to pasture or forestry have huge potential to increase SOC stocks [62].

11 Implication of Climate Change and Soil Carbon
Sequestration on Egypt

Egypt is one of the most affected countries in the world by climate change, therefore,
soil carbon sequestration should be considered in the climate change mitigation in
Egypt.

11.1 Soil C and N in Nile Delta, Egypt in Current State
and the Context of Climate Change

Nile Delta, Egypt is one of the most fertile area in the world, however it subjected to
many challenges, such as agricultural soil contamination, shrinking agricultural area
due to urban sprawl. Climate change is one of the most expected challenges that will
effect on Egypt and Nile Delta specially. Due to the Kyoto Protocol, national estima-
tions and inventories of soil C andN stocks are needed for identifying and implement-
ing strategies of stabilizing the atmospheric concentration of GHGs concentration
[69–72].

11.1.1 The Current State of Soil C and N in Nile Delta, Egypt

Agricultural soils generally have a low content of OM compared to natural lands
due to reduced C input because of annual harvest and removal of crop residue, etc.,
high organic C decomposition because of frequent tillage, increased soil erosion in
addition to other factors [73]. As indicated from many references based on the infor-
mation of OM, N, and other nutrients; soil C and N are low in Egyptian soils and
in Delta’s soils although the Nile Delta is one the most fertile area in Egypt. In this
context; Abd El Hadi [74] mentioned that the cultivated area in Egypt covering three
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different production zones. Those zones are (1) the old irrigated lands (in the Nile
Valley and Delta and most is fertile soils); (2) the newly reclaimed lands (the soil is
poor in OM and macro-and micronutrients), and (3) the rainfed area (sandy soil sited
in the Northwest Coast and North Sinai). However, Abd El Hadi [74] mentioned
that numerous studies had established the poverty of most Egyptian soils in OM
and N content. Additionally; Hegazi et al. [75] reported that extensive and frequent
cropping, under unsustainable irrigation water management and inappropriate agri-
cultural practices, in the Nile Valley and Delta has led to depletion and deficiency in
many nutrient elements. This situation has been aggravated afterward the High Dam
construction, which sharply declined the annual supplements of the fertile sediments
to the soils. Consequently, all Egyptian soils are poor in their content of OM, total
N, and other nutritive elements. As well; FAO [76] confirmed this fact where soils
are poor in OM, with less SOM due to soil warming. Higher air temperatures are
likely to speed the natural decomposition of OM and to increase the rates of other
soil processes that affect fertility. Under drier soil conditions, root growth and OM
decomposition are significantly inhibited, and as soil cover diminishes, vulnerability
to wind erosion becomes higher, especially in case of intensive winds. However, it
is mentioned in IFOAM [77] that with the right type of agriculture, emissions caus-
ing climate change can be reduced and nature capacity of the ecosystem to mitigate
climate change can be employed to sequester high quantities of atmospheric carbon
dioxide—especially in the soil. In this context Altieri and Koohafkan [78] reported
that over the world, management practices that used by small farmers such as crop
rotation, composting, green manures and cover crops, agroforestry, in addition to all
practices that increase biomass production, will consequently build active OM.

11.2 Influence of Changing Climate on Soil C and N Stocks
and Sequestration

Thornley and Cannell [79] mentioned that the response of soils to increasing tem-
perature is an important issue. Re-examining the global patterns of soil carbon,
giving a clear trend of decreasing carbon with mean annual temperature for very dry
and very wet biomes. Zhang et al. [80] reported that climatic conditions, especially
temperature and precipitation, may be responsible for the spatial variations in soil
carbon sequestration. Elbasiouny [81] studied the correlation between soil C and N
and temperature in North Nile Delta, Egypt (mean temperature data was obtained
from Central Laboratory for Agricultural Climate (CLAC), Agricultural Research
Center, Egypt). Precipitation is not investigated in this study because its amount in
July (sampling month) is zero in the study area. As presented in Table 1, she found
that the correlation between temperature and soil C and N stocks is negative. The
most affected stock is total soil N stock followed by total soil C stock and SOC
stock equally. The SIC stock was the least affected one. As well the correlation
between temperature and sequestration rate of these stocks is negative, but total soil
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Table 1 Correlation between soil C and N stock, sequestration rate and temperature in the studied
locations [81]

Temp.
and
SOCS

Temp.
and
SOCSseq.

Temp.
and
SICS

Temp. and
SICSseq.

Temp.
and
TSCS

Temp.
and
TSCSseq.

Temp.
and
TSNS

Temp.
and
TSNSseq.

−0.68 −0.60 −0.41 −0.35 −0.68 −0.63 −0.70 −0.62

Temp. temperature; SOCS SOC stock; SICS SIC stock; TSCS total soil C stock; TSNS total soil
N stock; Seq. sequestration

C stock sequestration is the most affected stock as shown in the table. Of course,
this negative correlation means that if any of the studied factors is increased, the
other will be decreased. The temperature has already increased by 0.6± 0.2 °C, and
is projected to increase by 2–4 °C towards the end of the 21st century increasing
because of increasing greenhouse gases in the atmosphere [82]. The meteorological
data of temperature and precipitation data in Egypt last few years revealed that the
temperature in the study area is increasing and precipitation is decreasing. Thus, the
soil C and N stocks and sequestration are supposed to be decreased because of the
above-mentioned correlation. Therefore; this result is supported by the statements
of many authors [79, 80, 83] the higher temperature will affect negatively on soil C.

Although the effect of precipitation is not examined in this study, it is supposed to
have a negative effect on soil C andN. This is because precipitation level is decreasing
in the study area as shown in Fig. 2b. Many researchers found that increasing precip-
itation will increase soil C or N such as [83–85]. To explain the negative impact of
higher temperature,Ahmad et al. [84]mentioned that effects of climate change on soil
carbon storage and its distribution differ between different regions, and temperature
and rainfall levels are among the main influencing factors causing the differences.
Temperature and humidity are important factors affecting the rate of organic material
decomposition. Decomposition doubles with every 10 °C increase in temperature,
while the increase in soil moisture increases the amount of OM. Also, He et al. [85]
stated that soil C sequestration depends on the balance between inputs from biomass
and outputs through the decomposition of residues, all of which could be affected by
climate change.Higher temperature or precipitation influences theC cycle by altering
NPP and soil respiration. In the semi-arid region, soil moisture has especially effec-
tive influence on the rates of plant growth and SOM decomposition, thus affecting
SOM accumulation from litter and plant root inputs. Lal [86] reported that strategies
for adaptation to climate change and reducing risks to agriculture on the farm level
are representing in improving soil quality and adjusting management operations to
buffer against the adverse effects of climatic disruption. Improvements in soil qual-
ity can be achieved by recommended management practices of soil management
such as mulch farming, conservation agriculture, integrated nutrient management,
water harvesting and recycling through drip sub-irrigation and judicious landscape
management. Also, Lal [86] emphasized the increasing use efficiency of N fertilizer,
which is essential to increasing crop yields per unit consumption of energy-based
inputs. As will he have mentioned that replacement of flooded rice by aerobic rice
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is important for saving water and sustaining crop yields. Application of biosolids
as soil amendments (e.g., compost, manure) is extremely important to improving
productivity, and creating a positive C budget and enhancing the ecosystem C stock.

12 Potential Soil Carbon Sequestration in Egypt and Nile
Delta

The potential of the world’s degraded soils and ecosystems to sequester SOC is
high; estimated at 1216 Mha, and agricultural soils estimated at 4961 Mha. As these
soils have lost a significant part of their original SOC stock, they can sequester C by
converting to restorative land use and adopting recommendedmanagement practices.
The potential of SOC sequestration is in the following order: degraded soils and
desertified ecosystems > cropland > grazing lands > forest lands and permanent
crops. A considerable part of the historic C loss (estimated at 66–90 Pg) can be
sequestered over 25–50 years. The rates of SOC sequestration on cropland range
from 0.02 to 0.76 Mg C/ha/year when improved systems of crop management are
adopted, and 0.25–0.5MgC/ha/year for rice landmanagement [65]. Aswell, Ahirwal
et al. [14] emphasized on the large potentiality of atmospheric C sequestration on
the reclaimed sites, moreover its variance with the climatic conditions and plant
species that could be used for reclamation. They mentioned that with an increase
in the reclamation age, the development of vegetation cover and soil properties on
these sites could sequester more atmospheric CO2. However, the emission of CO2

from the soil surface into the atmosphere can result from the root and microbial
respiration. Thus, a reclaimed site in Egypt also has a huge potentiality to sequester
more atmosphericCO2.Ahirwal et al. [14] also reported that accumulation of nutrient
stocks in the soil in the initial reclamation stages plays an important role in the
development of soil horizons and plant growth. In this context, enhancing SOM is
major importance because of bounding SOC and N, which may be mineralized and
enhance the soil fertility.

Although north Nile Delta, Egypt produce tiny percent (less than 1%) of total
global GHGs emissions, it is one of themost vulnerable areas to the expected impacts
and risks of climate change [87]. Also, there are largely degraded and salt-affected
areas in North Nile Delta [69, 70]. Coastal soils are salt-affected because of special
hydrologic and geographical conditions. The salinity in coastal areas is a limiting
factor for crop productivity as in the degraded coastal area inNorthNileDelta, Egypt.
The northern coastal zone of the Nile Delta is generally low lands as well. Hence
it is vulnerable to direct and indirect impacts of climate change impacts especially
sea level rise. Therefore, the Nile Delta is expected to suffer emundation, severe
soil salinization and gradual merging under the groundwater logging and seawater
transgression. Recently conversion of coastal lands to agricultural usages is a vital
process in the deserts and coastal areas nearby Nile Delta mainly under the limitation
of soil andwater resources in these drylands [70]. Therefore, rising demands forwater
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and food production in this area have led to the extension of reclamation projects
in the surrounds degraded and desert areas [70, 88]. Zhang et al. [28] stated that
coastalwetlands are valuable resources play a significant role in carbon sequestration.
Therefore, coastal wetlands reclamation has become a common practice for the
acquisition of new agricultural soil inmany countries over theworld. The reclamation
process in such areas may have a significant effect on SOC due to altering soil
condition and inputs and outputs of organic C. Such as other areas climate conditions,
soil properties, topography, and anthropogenic activities are general affecting factors
on SOC dynamics. However, SOC dynamics in such coastal reclaimed soils is also
affected by certain specific factors such as salinity, pH and reclamation duration [28].
As the SOC is a key indicator of soil quality and productivity. Thus, restoring the
quality of degraded soils require increasing soil C sequestration through increasing
SOC density, improving depth distribution of SOC and stabilizing and protecting
SOC in stable micro-aggregates. Therefore, adopting recommended management
practices in agroecosystems, in addition to practices that can create a positive soil
C budget, is a crucial strategy for SOC sequestration in the terrestrial ecosystems
[54]. In a study of [70] to compare between C and N stocks in such degraded and
uncultivated soils and cultivated restored (reclaimed 20 years ago) sites in North Nile
Delta, and to investigate the impact of cultivation on soil C and N sequestration in
this area. Soil C and N stocks increased significantly in upper soil from 2.99 and
0.43Mg h−1 in the degraded soil to 19.26 and 1.66Mg h−1 in restored ones. As well,
salinity was reduced, and NPP was increased because of leaching and reclamation.
Therefore, suchfindings support the suggestion that restored area have a high capacity
to sequester N.

Moreover, IFOAM [77] in a case study on Egypt stated that Composting in the
Egyptian desert in Sekem organic farm had been demonstrated to be high sequestra-
tion by sequestering over 3 metric tons of carbon dioxide per hectare per year. It is
conducted from this trial that compost trials in the Egyptian desert show that organic
farming practices—recycling of organic waste to compost and adding to the soil in
dryland regions have the potential to mitigate climate change by avoiding emissions
and sequestrating high levels of carbon. Furthermore, these systems improve soil
fertility and increase food security in the area.

13 Sequestration Rate of Soil C and N Stocks in North Nile
Delta Egypt

As the largest terrestrial reservoir of C, the world’s soil may strongly act as a sink
or a source of atmospheric carbon dioxide (CO2) [23, 89, 90]. Qiu et al. [5] reported
that there could be a large capacity for soil C and N sequestration when protective
management practices were implemented. In a study on north Nile delta Egypt [81],
the sequestration rate of soil C and N data was calculated based on actual data of
soil C and N (and estimated data of past soil C and N. The actual data are field
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data analyzed after sampling from this area [Fig. 1 in 2007, while the estimated
data are calculated based on regression equation of actual values of soil C and N
and the values of Normalized Difference Vegetation Index (NDVI)]. The NDVI was
calculated based on different landscape images in different time intervals (i.e. 1987,
1990 and 1998). The rate of C and N sequestration according to the equation of
sequestration rate as described by [51, 91]. It is noticed from this study that there
were a declining in C and N contents in some sampling locations, however, there are
an increment in other sampling locations in north Nile delta which means that those
sites represented sink of atmospheric C or N emissions (i.e. other profiles consider
the source of CO2 emission to the atmosphere). These data are presented in Table 1.

It is observed from Elbasiouny [81] that some profiles especially 10 and 11 in all
cases (i.e. SOCS, SICS,TSCSandTSNS) are positivewhichmeans that those profiles
represented a sink for C or N emissions in the atmosphere (i.e. other profiles consider
the source of CO2 emission to the atmosphere). Those profiles were cultivated by
rice and may be this the reason for positivity of sequestration rate of soil C and N in
them. However, there are some observations, where in SOCS; profiles 6 and 12 are
sinks not sources of CO2. Hou et al. [66] reported that since SOC is crucial affecting
soil physical, chemical, and biological properties, more SOC sequestration in the
soil can assist in sustaining soil fertility and agronomic productivity. Jacinthe et al.
[6] showed that taking the forest soil as a reference for SOM data, the data revealed
SOM depletion in the cultivated soils and SOM enrichment in the depositional areas.
The SOC inventory (0–30 cm) in the drained and undrained cultivated fields was
5.6 and 6.0 kg C m−2, respectively representing 72–77% of the original SOC stock
(forest: 7.9 kg C m−2). These data can be translated into a total SOC depletion of 2.2
and 1.8 kg C m−2 in the drained and undrained croplands, respectively. However;
Alvarez et al. [92] found a negative C balance in their studied soil of the Rolling
Pampa. Consequently, a net loss of C from the soil is apparently in progress. Chung
et al. [93] stated that evidence has confirmed approximately 40–70% of OC in the
active soil layer (1.0 m topsoil layer) was lost in nearly 50 years. Most of this
loss recorded in the first 25 years, as carbon emission showed an almost exponential
decline with time year. Therefore, the 25-year timescale is generally used to calculate
the current carbon emission produced by land-use change.

On the other hand; the lowest negative sequestration rate in SICS was (−19.33
Mgha−1 year−1),while the highest is recorded as (20.34Mgha−1 year−1) as presented
in Table 1. It is also observed that SIC represent a sink of C in some profiles as
recorded in the previous table. Mei et al. [94] mentioned that although the role
of SIC in C sequestration is less well understood, depending on the site-specific
conditions, SIC may act as a sink or source or have no effect upon C sequestration.
Lal [95] reported the additional potential for C sequestration beside SOC through
SIC sequestration. Moreover, the emphasis on existing a strong correlation between
net NPP and formation of secondary carbonates, and between SOC and secondary
carbonates. The rate of formation of secondary carbonates depends on the rainfall
and quality of irrigation water. For SIC sequestration rate of 20–400 kg ha−1year−1

over 344 Mha of arid and semiarid soils, total potential of SIC sequestration is
7–138 Tg C year−1.
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Fig. 1 Elbasiouny’s [81], Elbasiouny et al. [69] study area: location of the study area on Egypt
map (top left) and the administration boundaries of Kafr El_sheikh Gov. and sampling location
(bottom). Source Elbasiouny et al. [69] and Elbasiouny [81]
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Table 2 Sequestration rate of C and N stocks as calculated from 1987 and 2007 C and N stock
data (Mg ha−1 year−1) [81]

Profile no. SOCSseq. SICSseq. TSCSSeq. TSNSseq.

1 −21.30 −11.55 −40.50 −1.37

2 −7.19 −2.07 −7.84 1.26

3 −11.75 −5.26 −17.08 0.59

4 −7.80 −2.96 −10.82 1.23

5 −35.79 −18.93 −57.89 −2.51

6 1.73 −8.93 13.13 3.47

7 −16.18 −8.35 −26.47 −0.32

8 −20.85 20.34 −10.23 −1.15

9 −35.48 −19.33 −69.79 −3.35

10 7.33 9.18 17.30 3.22

11 13.11 3.64 18.19 3.25

12 0.98 −7.87 −14.42 1.66

13 −0.04 −13.68 −24.77 0.58

14 −10.38 2.15 0.46 3.11

15 −5.05 −8.26 −33.10 0.09

Average Mg/ha/year −9.91 −4.79 −17.59 0.65

SOCS soil organic C stock; SICS soil inorganic C stock; TSCS total soil C stock; TSNS total soil
N stock; seq. sequestration

Regarding TSCS, there were 4 of 15 profiles represent sink of C emissions. Those
profiles are cultivated. Therefore this result is in accordance with [66] where they
motioned that cropland soil has a huge potential as a C sink (0.4–0.8 Pg year−1),
although this rate does not exist here. However, they emphasized that this potentially
could decrease CO2 concentrations in the air and mitigate global emissions.

It is noticed that the sequestration rate ofTSNSwas positive as indicated inTable 2.
Types of crop residues have critical roles in C sequestration and soil aggregation
because of their C/N ratios or quality. C/N ratios often govern the degradation of fresh
crop residues, but as residues undergo decomposition, they becomemore recalcitrant,
and degradation then becomes controlled by lignin contents or lignin/N ratios. Thus,
the ability of soils to sequester C is closely related to N [46] (Fig. 2).

Generally, the average sequestration rate (based on the average of all profiles)
is negative in SOCS and SICS. Oppositely TSNS is positively sequestered in the
studied locations with the rate of 0.65 Mg/ha/year. Although the TSN content in
most salt-affected profiles in the study area is very low, it is a surprise to be positively
sequestered in TSNS. This confirms the last information about enhancing or restoring
the salt-affected soils will provide a potential for C and N sequestration [35]. Of
course, this was the status in these profiles although there was no enhancing for OM
inputs in there, except through growing some tolerant salinity plants without any
human interface, let us imagine if they have been improved. Li et al. [96] reported that
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Fig. 2 Negative and positive sequestration rates of soil C and N stocks as drawn from (Table 2).
Source Elbasiouny [81]. SOCS: soil organic C stock; SICS: soil inorganic C stock; TSCS: total soil
C stock; TSNS: total soil N stock; seq.: sequestration

although increasing salinity and/or alkalinitywill likely decrease soilOMcontent due
to suppressed plant productivity, with large areas of land are salt-affected worldwide;
itmay be assumed that considerable reserves of terrestrial C exist in those soils. TheC
andnutrients contents (especiallyN) and their cycling in soils are controlling response
factors of an ecosystem to environmental stresses, assigning special importance for
the need of understanding C cycling in naturally salt-affected ecosystems.

The sequestration rate in some other is negative may be due to excessive N fertil-
izing that may restrain SOC sequestration through microbial population suppression
or stimulation of mineralization in old native organic C [5]. Addition reasons for this
negative sequestration rate may be their salinity and hence low productivity which
decline OM inputs, or may be cropping intensity and cultivation which deplete OM
and C in most cases as a result of non-offsetting of the inputs. However, cropping
intensity would be supposed to provide higher quantities of crop residues to the soil,
which should increase soil OM in the long term [97]. In the continued context, Hou
et al. [66] reported that generally, no-tillagewith residue left in place has the potential
for sequestering more SOC than conventional tillage in the upper soil depths because
the tillage destroys the protection provided by crop residue on the surface as well it
increases the oxidization of SOM which could be avoided by no-tillage treatment.
The finding by Puget et al. [98] should be carried out in the study area; namely SOC
and N stocks are affected strongly by land use changes and management practices.
Alterations in the soil C or N budget due to anthropogenic activities have resulted in
changes in their net fluxes, hence affecting the atmospheric concentration of CO2 and
N2O and the global climate change. Therefore, adoption of sustainable agricultural
practices such as conservation tillage, residue returning to the soil, and using animal
or greenmanure can not only increase SOMconcentration but also enhance soil qual-
ity. Lal [99] and Hou et al. [66] stated that addition of crop residue plays an important
role in SOC sequestration, improving soil structure and soil water-holding capacity,
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and soil erosion prevention. Crop residue is important to soil nutrient cycling and soil
fertility. Crop residue removal will cause the depletion of soil nutrient (e.g. NPK)
which could decline the agronomic productivity and increase soil degradation. Thus,
there are some factors may be considered as limiting factors in the sequestration
process. For example, the removal of crop residue either by burning or by moving
from another place, as well lack the attention of utilizing the organic fertilizers and
manure, the dry climatic conditions which encourage the decomposition of OM, as
well the irrigation does as mentioned above.

Finally; the adoption of goodmanagement practices can enhance C and N seques-
tration. In this context, Wright and Hons [46] motioned that management strategies,
such as no-till and rotationswithmultiple crops or high-intensity cropping sequences,
play significant roles in SOC and SON sequestration. In this context, they interpreted
lower soil organic nitrogen (SON) storage for continuous soybean systems than for
multiple cropping and double cropping systemswhich provide greater residue inputs,
by lower crop residue inputs. Thismay lead toNmay not be immobilized to the extent
as would occur under high-intensity cropping, with SON possibly undergoing min-
eralization and loss from the soil. As well; [46] concluded the enhancement of SOC
and SON sequestration under no-till compared with conventional-tillage

It is worth noticing after presenting the results from the sequestration concept
point of view that the Nile Delta region is one of the most fertile areas of the world.
However; there were some negative changes in this region such as what explained
by [100]. They reported that elevated soil salinity level is one of the principal causes
of reduced agricultural productivity in the Delta. Agricultural management practices
havebeen changed after the construction of theAswanHighDam in1964, also, peren-
nial, furrow irrigation replaced basin flooding, and insensitive cropping replaced the
single crop per year leading to shorter fallow periods. Soil nutrients declined as a
result of intensive cultivation along with a lack of regular nutrient replacement and
a loss of the alluvium deposits. Also, in some areas, overirrigation combined with
insufficient drainage led to increased soil salinity and elevatedwater tables. Although
these changes, there is a potential opportunity to enhance and sustain agricultural
soil in Egypt especially in Nile Delta and enhancing C and N sequestration through
land use and management practices. In this context Wu et al. [18] mentioned that soil
C increases linearly with increased additions of crop residues and root OM, however,
suggesting that irrigated agriculture will increase soil C with time. It is typical that
SOC commonly declines at the early stages, approaches a steady state in 25–50 year,
and shows an evident increase in about 50 year after native soil conversion to agricul-
tural ones. This pattern suggests that time is an important factor for C sequestration
in irrigated cropland [18]. Thus, understanding the effects of agricultural manage-
ment on SC stocks and dynamics under specific soil-climatic conditions is warranted
by the necessity of sequestering atmospheric C in agricultural soils to mitigate the
climate change. Adoption of sustainable agricultural practices (e.g., conservation
tillage, residue retention, and using animal or green manure) can increase SOC con-
centration and enhance soil quality. Reduced tillage practices such as no-till and
chisel till may increase both concentration and amount of SOC in topsoil. However,
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such increases may not occur in fine-textured soils, under cold and poorly drained
conditions, or where the antecedent SOC concentration is high [98].

14 Summary

Soil C sequestration is a very important tool forC storage, atmosphericCO2 reduction
and climate change mitigation. As well, it is critical for enhancing soil fertility,
agricultural productivity, and sustainability. Adoption of goodmanagement practices
may make agricultural soils an effective C sink because of their content of C content
is below the C saturation point, which means that an additional C can be sequestered
with time. Soil C and N are low in Egyptian soils and in Delta’s soils although the
Nile Delta is one the most fertile area in Egypt. Although North Nile Delta, Egypt
produces a very small percentage of global GHGs emissions, it is one of the most
vulnerable areas to the expected impacts and risks of climate change. In addition,
although, Nile Delta in Egypt is one of the most fertile areas in the world, it contains
a considerable area of degraded and un-reclaimed soils. Therefore, the reclamation
process in such areas is very important not only for agricultural extension in Egypt
but also it may have a significant effect on SOC by alternation of soil condition and
inputs and outputs of organic C. Thus, such soil has huge potential to sequester more
C andN, subsequently reducing atmospheric CO2 if improvedmanagement practices
are adopted.
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Abstract The human induced increase in global average temperature over the past
two centuries has led to an increase in the global mean sea level. The Nile Delta is
one of the three most vulnerable areas to the sea level rise threat in the world. The
saltwater intrusion caused by sea level rise is expected to negatively affect agricultural
activities in the Nile Delta through its detrimental effects on groundwater and soil.
Given its significant contribution to Egypt’s agricultural production, the Nile Delta’s
adaptation to the anticipated rise in sea level is necessary for social and economic
reasons. In order to investigate and analyze such environmental problems and their
impacts, the EGSLR model has been developed. The EGSLR covers the area from
Alexandria to Port Said which extends to about 285 km along the Mediterranean
coast. The development of the EGSLR is using the assessment of the IPCC definition
of vulnerability. National and sub-national geographic and socio-economic data have
been gathered for the area of study from different sources including Shuttle Radar
Topography Mission (SRTM), land cover, urban areas, industrial zones, protected
areas, power plants and population data. The scenarios of sea level rise are the
preliminary basis for ministries, sectors and provinces to assess possible impacts
on socio-economics sectors to develop and implement their respective plans for
responding to and reducing potential impacts of future changes.
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1 Introduction

There is no doubt that human-induced climate change has become one of the biggest
challenges facing the world nowadays. According to IPCC [1], the global average
of land and ocean surface temperature has increased by 0.85 °C since the end of the
nineteenth century. Such a phenomenon is caused by anthropogenic activities that
intensified with the start of the industrial revolution and is mainly linked with the
greenhouse gas emissions released by burning fossil fuels. Climate change threatens
almost every economic sector either directly or indirectly with some of its effects
already being felt. The agriculture sector is expected to suffer due to climate vari-
ability, change in rainfall patterns and sea level rise (SLR). Although some higher
latitude locations will benefit from higher crop yields due to higher temperatures,
major crops in lower latitude regions are expected to be negatively affected by a 2 °C
rise in temperature [2].

Stern [2] reported that around 2 million km2 are only 1 m above sea level and are
expected to be highly impacted by the anticipated rise in sea levels. Such impacts
include coastal flooding, loss of wetlands and displacement of millions of people
[2]. However, climate change impacts are not equally distributed, with developing
countries expected to have the bigger share [2]. In particular, some areas are more
vulnerable to SLR than others.

In the Middle East and North Africa (MENA) region, although the land area
affected is not the biggest globally, the impacts are much more severe [3]. For a 1 m
rise in sea level, 3.2% of the population and 1.49% of the GDP of the MENA region
will be negatively impacted, with these figures being higher than the global impact
figures [3]. Among the MENA region, Egypt’s population is the most exposed to a
1 m SLR with 10% of it expected to be affected where most of the impact is upon
the Nile Delta area [3]. More than 1 million people will be directly affected by 2050
in three megadeltas: the Ganges–Brahmaputra delta in Bangladesh, the Mekong
delta in Vietnam and the Nile Delta in Egypt [4]. Hence, the Intergovernmental
Panel for Climate Change (IPCC) declared the Nile Delta in Egypt as one of three
hotspots that are most vulnerable to SLR [4]. The Nile Delta is also predicted to
experience the highest share of impact in the MENA region with respect to the
agricultural sector with 12.5% of the agricultural extent expected to be negatively
affected by 1 m SLR [3]. The 2011 Egyptian adaptation strategy for climate change
has recommended a set of policies designed for the agricultural sector to cope with
the future climate challenges. The policies mainly focused on flexibility, the use
of technological innovation, systems diversity and developing new systems for risk
management [5].

In this chapter, we present a methodology to build an integrated web map solu-
tion (SLRS) using Geographic Information System to access the effect of the SLR
scenarios on the northern coast of Egypt. SLRS covers the area from Alexandria to
Port Said which extends to about 285 km along the Mediterranean coast. The overall
objective of the SLRS is to develop a web vulnerability mapping solution to study
the different sea level rise scenarios and to identify and map the areas that are most
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vulnerable to SLR on the Nile Delta coast. Four scenarios are implemented to assess
the impact of SLR, for 25, 50, 75 and 100 cm.

2 Study Area: Nile Delta

The Nile Delta is a lotus flower shaped area that starts from Cairo where the Nile
divides into two main branches ending in Damietta and Rosetta governorates and
then empties into the Mediterranean Sea as shown in Fig. 1. According to the IDRC
[6], the Nile Delta contributes to 40% of Egypt’s agricultural production with almost
half of the country’s population living in that area. The population density in the Nile
Delta is around 1,000 inhabitants/km2 with a population growth rate of 2% [7]. The
significance of the study area comes from its high contribution to the agricultural
sector and its high vulnerability to SLR.

Agriculture is the pillar upon which the ancient Egyptian civilisation was based
thousands of years ago and represents an important historical value that constitutes
part of the Egyptian culture today. There is also a significant economic value for
agriculture as its added value is 14.5% of total Egyptian GDP in 2013 with 29% of
the labour working in the sector in 2011 [8]. El-Nahrawy [9] reported that agriculture
provides livelihood for around 55% of Egyptians and contributes to about 20% of
all foreign exchange earnings. Agriculture has the highest share of water use among
all sectors with 81.1% of the total water use [9].

The economic, social and cultural values of the Nile Delta suggest that there is an
urgent need for effective climate change adaptation policies for the various sectors
that are active in the area with a particular focus on the agriculture sector. Currently,
Egypt has started implementing the “Enhancing Climate Change Adaptation in the

Fig. 1 Study area
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North Coast and Nile Delta Regions in Egypt” project funded by the Green Climate
Fund (GCF) and will be implemented by UNDP [10]. In addition, the Shore Protec-
tion Agency has allocated around EGP 1.7 billion (approximately US$ 97 million)
for adaptation measures to protect the coastline of the Mediterranean Sea and Red
Sea [10].

3 Climate Change Observations and Potential Impacts

3.1 Greenhouse Gas Emissions and Anthropogenic Climate
Change

There is enough evidence that the global climate is changing and the debate around
the causes and drivers of this phenomenon is settled with only some differences
around regional and local impacts. The most authoritative assessments of climate
change among policymakers are the IPCC reports. According to IPCC [1], there has
been a warming of 0.85 °C in globally averaged land and ocean surface temperature
over the period 1880–2012. The main driver of this warming is the positive total
radiative forcing causedmainly by the greenhouse gases emissionswhere the greatest
contribution is made by the significant CO2 increase since 1750 [1]. The atmospheric
CO2 concentration has become 40% higher in 2011 than it was in the pre-industrial
era [1]. Figure 2 shows the trend of increase since 1958.

Other gases contributed to that rise in temperature. According to IPCC [1], the
total anthropogenic radiative forcing recorded a 43% increase in 2011 compared to
2005 caused by changes in the concentrations of carbon dioxide, methane, halo-
carbons, nitrogen monoxide, short-lived gases and aerosols in addition to the albedo
change due to land use. Figure 3 shows the relative contributions of the different
gases and drivers (including the natural driver).

Fig. 2 Atmospheric concentrations of CO2 since 1958 [1, p. 12]
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Fig. 3 Radiative forcing estimates in 2011 relative to 1750 for the main drivers of climate change
[1, p. 14]

3.2 SLR and Agriculture in the Nile Delta

As for sea level, there was a mean rise of 0.19 m over the period 1901–2010 [1].
Figure 4 summarises the processes responsible for controlling sea level and Fig. 5
quantifies the contributions of each of them in the global mean SLR. The report
identifies the loss of glacier mass and ocean thermal expansion as the main reasons
for 75% of this rise since the 1970s. The IPCC [1] predicts a likely rise in sea level
in the range of 0.52–0.98 m by the end of this century under the highest emissions
scenario (RCP 8.5).

According to Stern [2], rising sea levels will have significant impacts globally
with 2 million km2 of land and a $1 trillion worth of assets lying only 1 m above
sea level. There will be an increase in coastal flooding, loss of wetlands, saltwater
intrusion with surface and groundwater and millions of people at the risk of perma-
nent displacement [2]. Thomas et al. [12] classified the impacts of sea level change
into physical and socio-economic. On the one hand, they listed hydrological changes
including saltwater intrusion and flooding, morphological changes including erosion
and ecological changes mainly through loss of habitats all under physical impacts.
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Fig. 4 Climate-sensitive processes and components that can influence global and regional sea level
[11, p. 1143]

Fig. 5 Global mean sea level budget (mmyr-1) [11, p. 1151]

On the other hand, socio-economic impacts included negative impacts on human
well-being, damage to infrastructure and effects on industry and services [12]. Stern
[2] also underlined the high vulnerability of developing countries- in particular- to
climate change due to their geographic locations, low incomes and their overdepen-
dence on sectors that are sensitive to climate change such as agriculture. In that sense,
countries like Egypt are left with high risk and low adaptive capacity to deal with
climate change impacts. As for the agriculture sector, FAO [13] named three pro-
duction systems that will be most affected by SLR: vegetable production that tends
to be mainly located around urban areas that are threatened by saltwater intrusions,
aquaculture systems sited in areas at or below sea level, and coastal fisheries based
in mangrove swamps and other coastal wetlands threatened by SLR. Relevant to
the research study area, Stern [2] highlighted the potential threat of SLR upon the
agricultural land in the Nile Delta as well as the impacts on Egypt’s coastal cities.

Dasgupta et al. [3] analysed the potential impacts of the different SLR scenarios
in different regions around the world including the Middle East and North Africa
region. They found that Egypt had the highest percentage of population exposed to
SLR with around 10% expected to be impacted by a 1 m rise and more than 20%
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exposed by a 5 m rise as illustrated by Figs. 6 and 7. They also predicted that most
of these impacts would occur in the dense Nile Delta region.

Fig. 6 MENA region: exposed population in a 5 m SLR scenario [3, p. 19]

Fig. 7 MENA region: population impacted [3, p. 20]
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Fig. 8 MENA region: GDP impacted [3, p. 20]

Dasgupta et al. [3] expected that the highest impact on GDP in the region would
also occur in Egypt—as shown by Fig. 8—with more than a 6% impact for a 1 m of
SLR.

Vulnerability assessments of the Nile Delta dated back to the end of last century
with a particular focus on coastal areas. El-Raey [14] predicted that almost 30% of
Alexandria governorate—a coastal city—will be lost due to inundation caused by
SLR with 2 million people expected to migrate. However, Frihy [15] argued that
not all coastal areas are vulnerable and then classified those areas according to their
degree of vulnerability to beach erosion—including SLR as one of its drivers. The
vulnerable areas constituted around 30% of the coastal areas where the coastal plain
is low-lying (0–1 m above mean sea level) such as in Abu Quir Bay, sand barriers
are narrow such as in Burullus, areas affected by subsidence such as Manzala-Port
Said area, or shores are covered in fine sand such as Ras El Bar [15]. The naturally
protected areas constitute 55% of the coastal areas as follows: beaches supported by
high-elevated dunes or carbonate ridges, areas experiencing land uplifting such as
a part of Alexandria, and the prograding coastal zones [15]. The remaining 15% of
the coastal areas are the artificially protected ones using physical structures such as
lagoon and harbour jetties, walls and breakwaters [15].

Stern [2] classified the Nile Delta as a highly vulnerable area to SLR in Africa-
alongside the continent’s west coast. The IPCC agreed with this as it declared the
Nile Delta as one of three hotspots that are most vulnerable to SLR [4]. Sefelnasr and
Sherif [16] concluded that about 19 and 32% of the total area of the Nile Delta would
be submerged under the 0.5 and 1 m seawater level rise scenarios, respectively.

Some literature highlighted the impacts on the agriculture sector in the Nile Delta.
Frihy [15] listed saltwater intrusion caused by SLR as a major negative impact on
agriculture in the Nile Delta area because of the disruption caused to freshwater
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Fig. 9 MENA region: agriculture extent impacted [3, p. 21]

aquifer underlying the area. Dasgupta et al. [3] also predicted that in the Middle
East and North Africa region, Egypt would be exposed to the highest impact on
the agricultural sector. They predicted that the impact on the sector in Egypt would
be around 12.5% for a 1 m SLR scenario as shown in Fig. 9. Given that the Delta
contributes with around 40% of the agricultural production in the area [6], such
potential impact is expected to have major negative consequences on the sector as a
whole on the national level.

According to Abdrabo and Hassaan [17], the overall decline in crop yield values
due to higher levels of groundwater table induced by SLR was projected to be as
much as L.E. 6.43 billion (around $842 million) up to the year 2100 in Damietta
Governorate—one of the Nile Delta’s governorates. Moreover, they added that the
loss in crop yield would also carry indirect costs related to loss of incomes and
employment opportunities as somepeople’s livelihoodsmainly depend on the various
agricultural activities taking place in the Nile Delta.

4 The Methodology of the Development of Interactive Web
Enabled SLR Scenarios (SLRS)

Themost important factors being included in the design and implementation of SLRS
as a web mapping application for the internet are functional modules, a graphic user
interface, download time and system performance. The system must be portable and
extendable to accommodate future changes in hardware, software and networking.
With this is mind, SLRS was developed based on two components: the server side
and the web client side, which run in the browser. The framework of the technical
development process of the SLRS focuses on:
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1. Spatial and attribute database collection, analysis and design
2. Data conversion and import
3. Development environment and tools
4. SLRS database model
5. SLRS architecture
6. SLRS main features
7. SLRS main components
8. SLRS main functions.

The database in the system consists of two types, tabular data and spatial data.
The tabular data is stored in SQL format and the spatial data is stored in Geo-
database format. The structure of the geodatabase is optimized for both performance
and storage for multi levels of GIS data layers as shown in Fig. 10. The SLRS
database model is structured to be stored physically in different format although the
relationships between the two categories of data are preserved regardless of whether
the division is physical or logical (in a hybrid database model). This means that two
separate databases were used in the system, one for spatial data and one for attribute
data.

Fig. 10 SLRS database model
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Fig. 11 SLRS architecture

5 SLRS Architecture

There are two types of architecture for developing web-based GIS applications:
client-side, and server-side. In a client-side GIS web application, the client (web
browser) is enhanced to support GIS functionality, while in a server-side GIS appli-
cation, a web browser is used to generate server requests and display the results.
SLRS is a server side application (with a thin client architecture) where users can
send a request to a server (i.e. an address), and the server processes the request and
sends the results back as an image embedded in an HTML page via standard HTTP
(Hypertext Transfer Protocol) as shown in Fig. 11. The response is shown as a stan-
dard web page that a generic browser can view in server-side web GIS applications,
all the complex and proprietary software, in addition to the spatial and tabular data,
remain on the server. This architecture has several advantages because the application
and data are centralized on a server.

6 SLRS Main Components

SLRS is divided into a set of functional units (modules). Eachmodule represents a set
of related tasks or functions. Themodules are independent of one another, but they do
communicate with each other. SLRS is developed and deployed using standard web
development tools and is comprised of two elements, the website framework and the
functional tools. The framework presents the SLRS supporting information to the
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user via a graphical user interface. “The second element is the functional tools that
enable access to GIS functions such as SLR scenarios, mapping and query functions.
The main modules are” (https://www.ee.co.za/article/web-mapping-solution-assess-
effect-sea-level-rise.ht):

1. Display functions—Map tools.
2. Cartographic presentation.
3. Utilities.
4. Mashup module.
5. Layer manager module.
6. Sea level rise scenarios module: This module contains four levels to study:

a. Scenario 1: sea level rise from 0 to 25 cm.
b. Scenario 2: sea level rise from 0 to 50 cm.
c. Scenario 3: sea level rise from 0 to 75 cm.
d. Scenario 4: sea level rise from 0 to 100 cm.

For each scenario, the user can:

• Select any scenario and show all affected districts by the selected scenario also
the user can display more than one scenario at the same map view to compare.
The results can be displayed in different format (maps, tabular and graphs).

• Select any Markaz/district in the study area and locate it geographically on the
base map. For any selected Markaz, the application provides:

– The number of population and the number of families.
– The affected area of the selected markaz divided by total markaz area for each
scenario.

• For each scenario, the user can select any affected district and retrieve the
labor force information about it. The labor force is classified into eleven cat-
egories according to the Central Agency for Public Mobilization & statistics
classification.

• Select any hotspot point. The hotspots data include urban areas, railway stations,
archaeological sites, airports, industrial zones, exchanges, resorts and industrial
spots. For any selected hotspot the application shows its location on the map and
which SLR scenario(s) may affect it.

• Locate any GPS point by inputting its latitude and longitude in decimal degree
format to check if it is affected by any SLR scenario or not.

7. Population distribution module.

https://www.ee.co.za/article/web-mapping-solution-assess-effect-sea-level-rise.ht
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7 Results

According to the SLRS, the impact of SLR on the coastal areas by each scenario is
shown in Table 1.

1. The high-risk governorates are part of Alexandria, Behira, Dakahlia, Damietta,
Ismailia, Kafr Alshikh, Port Said and Sharkia governorates as shown in Fig. 12.

2. The most vulnerable governorates are Kafr Alshikh, Behira and Port Said
governorates which present about 70–75% of the total affected area by each
scenario.

3. The total number of districts affected by the different scenarios is 58 districts in
8 governorates as shown in Table 2.

4. The highest vulnerable governorate is Kafr El-Shikh, and the highest impacted
district is Fouh as shown in Table 3.

Figure 13 shows extracts from the SLRS. Figures 14, 15, 16 and 17 demonstrate
results from Table 1 on SLRS and Figs. 18 and 19 demonstrate results from Tables 2
and 3.

8 Discussion

Nile Delta is vulnerable to the impacts of climate change especially when it comes
to the agriculture sector. However, some areas in the Nile Delta are more vulnerable

Table 1 The total areas affected by each scenario

Scenario Total areas affected in Km2

Scenario (1)—sea level rise 0–25 cm 581

Scenario (2)—sea level rise 0–50 cm 1058

Scenario (3)—sea level rise 0–75 cm 1578

Scenario (4)—sea level rise 0–100 cm 2200

Fig. 12 The total areas affected in each governorate by each scenario
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Table 2 The total number of districts affected by the different scenarios

Governorate Number of impacted districts

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Alexanderia 9 9 10 13

Behira 11 12 13 14

Dakahlia 6 7 7 8

Damietta 6 6 6 6

Ismailia 1 1 2 2

Kafr Alshikh 6 7 9 9

Port Said 3 3 3 4

Sharkia 1 1 2 2

Total 43 46 52 58

Table 3 The highest impacted districts by each scenario

Scenario Number of affected
districts

The highest impacted
district

Governorate % Area affected

Scenario 1 (25 cm)
SLR

43 Kesm-Port_Fouad Port Said 14.12

Scenario 2 (50 cm)
SLR

46 Mitubas Kafr El-Shikh 22.5057

Scenario 3 (75 cm)
SLR

52 Mitubas Kafr El-Shikh 30.0684

Scenario 4 (100 cm)
SLR

58 Fouh Kafr El-Shikh 39.5121

than others. Geographic Information System (GIS) is capable of creating, analyzing,
and displaying sea level rise scenarios enabling local officials and decision makers
to address the negative effects of elevated sea levels by allowing them to identify
affected communities that are at risk, assess the situation, and develop adaptation
strategies. Results for the SLR impact on Nile Delta show that total area affected by
25, 50, 75 and 100 cm SLR is 581.6, 1058.3, 1578.6 and 2200.3 km2 respectively.
The highest vulnerable governorate is Kafr El-Shikh and the highest impacted district
(Markaz) is Fouh. The results of the analysis shall be used to rank the priority areas
for adaptation to SLR.

9 Conclusion

TheNileDelta contains high population densities, significant economic activities and
ecosystem services. This area is already subject to climate change has the potential to
pose increasing risks in the future. Consequently, a range of negative socio-economic
impacts is expected to follow such as food insecurity, loss of income sources and
unemployment of small farmers as well as the loss of livelihoods of other people who
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The main interface of the SLRS

To locate a point by its (Lat.) and (Long.) to 

check if it is affected by any SLR Scenario 

Fig. 13 Extracts from SLRS
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Fig. 14 The expected impact of a 25 cm SLR—Scenario (1)

Fig. 15 The expected impact of a 50 cm SLR—Scenario (2)

are currently dependant on the agricultural activities carried out in the Nile Delta.
These predictions assure the need for the agricultural sector in Egypt to adapt- on the
long term- to the potential threat of SLR as part of its adaptation to climate change
in general. The SLRS analysis can be used to identify priority areas for adaptation
based on vulnerability of cities and districts.
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Fig. 16 The expected impact of a 75 cm SLR—Scenario (3)

Fig. 17 The expected impact of a 100 cm SLR—Scenario (4)

10 Recommendations

Research around institutional reform regarding the distribution of power and the
flow of knowledge in the policymaking chain with respect to SLR adaptation is
needed. From an agricultural perspective, in depth studies are needed to identify the
different physical, social, economic and institutional barriers that stand in the way
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Fig. 18 Map shows the impacted districts by 50 cm SLR—Scenario (2)

Fig. 19 Map shows the impacted districts by 100 cm SLR—Scenario (4)

of agricultural adaptation in the Nile Delta region. In addition, regarding farm level
adaptation and the resilience of the Nile Delta communities facing potential SLR are
also worth studying.
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Agricultural Production in Egypt:
Assessing Vulnerability and Enhancing
Adaptive Capacity and Resilience
to Climate Change

Mohamed A. S. Abdel Monem and Biljana Radojevic

Abstract The international community has developed the 2030 Agenda and the
Sustainable Development Goals (SDGs) that include specific elements to enhance
sustainable agricultural production and food security. SDG 13 “take urgent actions
to combat climate change and its impacts” calls for enhancing the adaptive capac-
ity and build resilience to climate change as well as mainstreaming climate change
measures into policies and planning processes of the countries. According to the
IPCC assessment, Near East North Africa is one of the world regions that are most
vulnerable to climatic change and consequently, agriculture is the most affected sec-
tor. It is anticipated that such a climate change impact would reduce crop yield up
to 30%. Within the ‘Regional Initiative for the Assessment of the Impact of Climate
Change on Water Resources and Socio-Economic Vulnerability in the Arab Region’
(RICCAR), the impact of climate change on specific agriculture sectors was pro-
jected using the two considered climate scenarios, based on selected Representative
Concentration Pathways (RCP), specifically RCP 4.5 (moderate-case scenario) and
RCP 8.5 (worst-case scenario). Based on the RICCARD projections, the vulnerabil-
ity of the agricultural sectors in the Arab Region to climate change have few aspects.
Environmental challenges in the Arab world include water scarcity, with the lowest
freshwater resource endowment in the world and very low precipitation with exces-
sive exposure to extreme events. TheArabRegion is one of themost impacted regions
by climate change with half of its area’s cropland systems producing wheat, maize,
olives, potatoes, olives and vegetables are considered high vulnerable to climate
change. Livestock production as well is expected to decline due to drought, increase
in degradation of rangelands and desertification. Expected more drought cycles in
addition to increasing deforestation rate add to the challenges facing the forestry sec-
tor in the region. Egypt is considered as one of the countries that are greatly impacted
by the climate change. The vulnerability of Egypt to climate change is significant
in all agriculture sectors: cropping, fishery and livestock. Developing strategy to
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enhancing adaptive capacity and resilience to climate change in Egypt requires coor-
dination and integration between the main related national strategies such as Egypt’s
Vision 2030 [1], the Sustainable Agricultural Development Strategy [2], and Egypt’s
National Strategy for Adaptation to Climate Change and Disaster Risk Reduction
[3]. Climate change adaptation is of paramount importance to agriculture, given
the reliance of the sector on climate. Climate change adaptation policies should be
based on science, and incorporate knowledge of indigenous peoples and traditional
practices.

Keywords Resilience to climate change · Vulnerability · Adaptive capacity ·
Agricultural production in Egypt

Acronyms

ACSAD The Arab Center for the Studies of Arid Zones and Dry Lands
COP Conference of the Parties
ESCWA The United Nations Economic and Social Commission for Western Asia
FAO Food and Agriculture Organization of the United Nations
GIZ The German Development Agency
IFAD International Fund for Agricultural Development
IPCC The Intergovernmental Panel on Climate Change
RICCAR The Regional Initiative for the Assessment of the Impact of Climate

Change on Water Resources and Socio-economic Vulnerability in the
Arab Region

SDG The Sustainable Development Goal
UNEP The United Nations Environment Program
UNFCCC United Nations Framework Convention on Climate Change

1 Introduction

It is expected that population of the world will increase by one third by 2050 (about
2 billion people), most of them will be in the developing countries. According to
FAO, agricultural production should be increased by 60% by 2050 to provide the
necessary food and feed demand, if the growth rate of income and consumption
maintain the same level. To provide the growing population with its food require-
ment and contribute to poverty reduction, It became essential for agricultural to be
transferred into more productive systems. However climate change is introducing
new challenge, under the business as usual scenario, that will hinder the efforts to
achieve food security due to impact of climate change on agricultural production
through increasing temperature, reducing precipitation and rising the see level [4].
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In order to implement the 2030Agenda, the international community has endorsed
five principles of sustainable food and agriculture providing a framework for pol-
icy dialogue and for developing appropriate policies, strategies, regulations and
incentives. FAO [5] identified these principles as:

• Improving efficiency in the use of resources is crucial to sustainable agriculture;
• Sustainability requires direct action to conserve, protect and enhance natural
resources;

• Agriculture that fails to protect and improve rural livelihoods, equity and social
well-being is unsustainable;

• Enhanced resilience of people, communities and ecosystems is key to sustainable
agriculture;

• Sustainable food and agriculture require responsible and effective governance
mechanisms.

According to the definition of The United Nations Framework Convention on Cli-
mate Change (UNFCCC); climate change is “a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over
comparable time periods”. UNFCC differentiate between climate change due to
human activities altering the atmospheric composition, and climate variability in
the short term that take place due to natural causes [6]. The global agreement on
climate change was adopted by 196 countries at the twenty-first Conference of the
Parties (COP 21) of UNFCC held in Paris in December 2015. By June 2017, 195
country had signed the agreement, including 148 that ratified it. Global commitment
to this agreement was reasserted during the COP 22 of UNFCC, held in Marrakesh,
Morocco, in November 2016.

It is well recognized that climate change and its effects pose a major threat to
achieve sustainable development goals. In the Arab region, climate change could
undermine past successes and prospects, although the region contributes less than 5%
to global greenhouse gas emissions [6]. The SustainableDevelopmentGoal (SDG13)
urges countries to take urgent action to combat climate change and its impacts, which
requires new and improved statistical measures on resilience, adaptive capacity and
resource mobilization.

The term ‘vulnerability’ may, therefore, refer to the vulnerable system itself, e.g.,
low-lying islands or coastal cities; the impact to this system, e.g., flooding of coastal
cities and agricultural lands or forced migration; or the mechanism causing these
impacts, e.g., the disintegration of the West Antarctic ice sheet. The vulnerability is
understood to be the “function of a system’s climate change exposure, sensitivity and
adaptive capacity to cope with climate change effects” [7]. According to the IPCC
[8], these terms are defined as follows:

• Exposure refers to changes in climate parameters thatmight affect socio-ecological
systems. Such parameters are for example temperature, precipitation and wind
speed, which climate change alters with regard to their quantity and quality as
well as their spatial and temporal distribution [6].
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• Sensitivity tells us about the status quo of the physical and natural environment of
the affected systems that makes them particularly susceptible to climate change.
For example, a sensitivity factor could be topography, land use land cover, dis-
tribution and density of population, built environment, proximity to the coast,
etc.

• Potential Impact is determined by combining exposure and sensitivity to climate
change on a system.

• Adaptive capacity “the ability of a system to adjust to climate change (including
climate variability and extremes), tomoderate potential damages, to take advantage
of opportunities, or to cope with the consequences” [8].

The focus of the global process lead by the UNFCCCis on identifying the most
vulnerable countries to climate change. At this level, assessment is focused on the
degree of exposure to climate variability and change; however, some of the proposed
approaches also consider economic factors, such as poverty data. The poorest, often
are most vulnerable people to climate change, in particular, those who face social
exclusion, marginalization in their communities and countries, and inequality in
terms of rights, power and access to resources and services. Evaluation of capacities
and priorities of the most vulnerable groups are the main focus of vulnerability
assessments in any region.

2 Vulnerability of the Near East and North Africa Region
to Climate Change

Between 2006 and 2010 the Arab Region was exposed to one of its most severe
drought cycles in the past century, leading to a loss of livelihoods, high food prices,
and decreased purchasing power for the average citizen. For example in Syria, the
drought devastated the livelihoods of about 20% of the rural population, displacing
up to 1 million people and fueled mass internal displacement and social tensions
in advance of broader conflicts that have more recently emerged. In Somalia in
2011 with approximately 4 million people were displaced and about 900,000 people
displaced solely due to the drought between November 2016 and August 2017 [9].
More than 40%of the people in theArab region have already been exposed to drought
and other climatic disasters [10].

Food and water shortage is a critical issue in the Near East North Africa Region
(NENA region) with strong implications for the national security. However, among
major trends expected to impact the Region, climate change is perhaps the most criti-
cal, acting as the “ultimate threatmultiplier” [11]. According to the IPCC [12] assess-
ment, Near East North Africa is one of the world regions that are most vulnerable
to climatic change. It is anticipated that such a climate change impact would reduce
crop yield up to 30%. The livelihoods of a large segment of the region’s population,
particularly those depending on small scale rainfed agriculture, will be at great risk.
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The environment will be impacted as well due to the anticipated increase of deserti-
fication, land degradation and biodiversity losses. Ultimately, people migration will
be accelerated.

Recently the ‘Regional Initiative for the Assessment of the Impact of Climate
Change on Water Resources and Socio-Economic Vulnerability in the Arab Region’
(RICCAR) was established through a project involving all the countries of the region
in partnership between FAO, GIZ, ACSAD and ESCWA. The outcome of the RIC-
CAR that was launched in November 2017 focused on the change in maximum and
minimum temperatures, change of precipitation, changes in evapotranspiration (ET).
The future climate change data were generated through downscaling projections
from three global circulation models, EC-EARTH, CNRM-CM5, and GFDL-ESM,
exercised on the Arab region using the regional climate model RCA4 to provide
higher-resolution information (50 km).

The effect of climate change on agriculture in the region is expected to vary
by according to the existing farming system Table 1. In some areas, farmers can
respond to changes through adaptation measures. In other regions, agriculture may

Table 1 Impact of climate change on different farming systems in the Aran region

Farming system Exposure
Expected climate change-related
events

Sensitivity
Likely impact on farming systems

Irrigated Increased temperatures
Reduced supply of surface irrigation
water
Dwindling of groundwater recharge

More water stresses
Increased demand for irrigation and
water transfer
Reduced yields when temperatures
are too high Salinization due to
reduced leaching
Reduction in cropping intensity

Highland mixed Increase in aridity
Greater risk of drought
Possible lengthening of the growing
period
Reduced supply of irrigation water

Reduction in yields
Reduction in cropping intensity
Increased demand for irrigation

Rain-fed mixed Increase in aridity
Greater risk of drought
Reduced supply of irrigation water

Reduction in yields
Reduction in cropping intensity
Increased demand for irrigation

Dryland mixed Increase in aridity
Greater risk of drought
Reduced supply of irrigation water

A system very vulnerable to
declining rainfall
Some lands may revert to rangeland
Increased demand for irrigation

Pastoral Increase in aridity
Greater risk of drought
Reduced water for livestock and
fodder

A very vulnerable system, where
desertification may reduce carrying
capacity significantly
Non-farm activities exit from
farming, migration
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face serious challenges, and ruler inhabitants might need to change their livelihood
to off- farm employment or relocate [13].

The two considered climate scenarios are based on selected Representative Con-
centration Pathways (RCP), specifically RCP 4.5 (moderate-case scenario) and RCP
8.5 (worst-case scenario). The projected climatic and hydrological data are pre-
sented as the change between the twenty-year periods of 2046–2065 (mid-century)
and 2081–2100 (end-century) concerning the baseline period of 1986–2005. Results
[14] illustrate that change in maximum temperature to the middle of the century
shows a varied increase between 0.3 and 2.4 °C in RCP 4.5 and from 1.1 to 3.4 °C
under RCP 8.5. Towards the end of the century, the change “shows an increase
between 1 and 3 °C in RCP 4.5 and from 2 to 5 °C with RCP 8.5”.

The general change in annual average minimum temperatures to the middle of the
century shows a varied increase under RCP 4.5 that goes from less than 1 °C at the
Mediterranean coasts to more than 2 °C in the Sahara desert, the Atlantic mountains
and Euphrates-Tigris basin. Under RCP 8.5 the rise exceeds 1 °C almost everywhere
in the Arab region and reaches 3–3.5 °C in some areas of the Sahara desert. The
change of minimum temperatures is more evident towards the end of the century
increasing between 1 and 3 °C in RCP 4.5 and from 2 to 5 °C and more with RCP
8.5. The increasing change in temperature becomes much more evident throughout
the region with scenario RCP 8.5, when the increased temperature by more than 3 °C
would cover most of the Arab region.

Decreasing trends in precipitationwill occur inmost of theArab region towards the
midcentury, with a reduction of about 90 mm in average annual precipitation for the
AtlasMountainswhenworse-case scenario is considered (RCP8.5). For the endof the
century, both scenarios show a reduction of the average annual precipitation reaching
90–120 mm/year in the coastal areas and mainly around the Atlas Mountains in the
west and upper Euphrates and Tigris river basins in the East. The projected annual
change in precipitations is compliant with projected changes in evapotranspiration
(ET). The most affected areas are spread out in the coastal zones of the Northern
Africa (especially in the West: Morocco, Algeria and Tunisia), but also in the Sahel,
in the north of Horn of Africa as well as in the coasts of Arabian Peninsula (mostly
in the south-west).

The overall RICCAR assessment indicates a consistent warming trend; increased
minimum and maximum temperatures coupled with reduced precipitations, reduced
runoff and increased evapotranspiration in most of the region, though with important
spatial variations. More specifically, the vulnerability of the agricultural sectors in
the Arab Region to climate change could be explained in the context of impact of
climate change on water sector. Water scarcity as the one of the main environmental
challenges in the Arab Region, with the lowest freshwater resource Per-capita in the
world; very low and variable precipitation. Impact of climate change on the Arab
Region will add more stress to the already limited resources. It is expected to have
more weather extreme events while the temperature will increase in several parts
of the Region. Combination of less rainfall and increase in temperature added to
the other factors such as growing population will adversatively contribute to the
vulnerability of the region to climate change.
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Farmers in the region face a series of challenges, to which climate change will be
risk multiplier. They include limited and degraded natural resource that are poorly
managed (especially of water and land), limited land tenure security, small farm
sizes, low technological access, low market access and limited investment [15]. Of
the various agricultural communities, it is small-scale farmers whowill be dispropor-
tionately impacted by climate change. This is partly due to their direct dependence
on natural resources and detachment from the extension services and social protec-
tion systems that could enable them to build their capacity and resilience. Rain-fed
areas (farming systems that depend mainly on precipitation) are likely to be the most
dramatically impacted along with pastoralists, farm laborers and landless. Neverthe-
less, the impacts will be locally specific and difficult to predict [15]. In addition, part
of the challenge in estimating the impacts of climate change on smallscale farmers
is that there is no unanimous definition of this group. Nevertheless, analysis of the
impacts of climate change at the farming system level regarding crop and livestock
production and productivity, as well as the implications that this has for the liveli-
hoods of those dependent on them, will elucidate some of the common trends and
challenges. Most of the farmers live in the areas of mixed cereals-livestock farming
systems keep goats, which are the most vulnerable to climate change after cattle.
Their vulnerability comes from the fact that while the potential impact of climate
change on livestock is less than that on crops, there is limited adaptive capacity for
any of them [5].

3 The Farming System in Egypt

The farming system along the banks of theNile River in Egypt is irrigated, and 94.8%
of all small-scale farmers in Egypt depend on the Nile water for irrigation. Cereals,
legumes, sugar crops, oilseeds and forages are cultivated by small-scale farmers for
their own consumption with the surplus being sold at the nearest market. Rice, wheat
and maize are the major cereal crops cultivated, occupying most of the irrigated land.
Unlike rice and wheat, maize is used largely for livestock and poultry feed. Sugar
cane and sugar beet are grown along the Nile River in Upper (southern) Egypt as
well as the Nile Delta. Broad beans and soybeans are also cultivated [16].

Where these field crops are not grown, horticultural crops (fruits and vegetables)
are grown instead and used as cash crops. These include Egyptian clover, berseem,
oranges, grapes, stone fruits and pome fruits. Clover and berseem are commonly cul-
tivated in the Nile Delta. Regarding fruit, oranges are the most important, represent-
ing 85% of total citrus production. For vegetables, tomatoes are the most important
even though they represent only around three percent of Egypt’s total planted area.
Potatoes are the second most important vegetable after tomatoes. Medium and large
farms focus on the cultivation of horticultural crops instead of field crops, whereas
the small-scale farmers focus more on field crops.

Furthermore, traditional farming systems such as those employed by small-scale
farmers are typically mixed and integrated crop-livestock systems. In 2010, 68.5%
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of small-scale farmers had large ruminants (i.e. cows and/or buffaloes), and 47.3 had
small ruminants (i.e. goats and/or sheep) [16]. Most of these small-scale farmers
supplement their livelihoods with off-farm income as the produce from their crops
and livestock is insufficient to sustain them. They diversify into a variety of primarily
rural activities with a smaller portion obtaining part of their livelihood in urban areas
[16].

4 Vulnerability of Egypt to Climate Change

Although Egypt is one of the least contributors to the global CO2 emission, with
only 0.63%, it is considered as one of the countries that are greatly impacted by the
climate change. The vulnerability of Egypt to climate change is aggravated by the
significant dependence on climate-sensitive sectors, the concentration of populations
in certain areas, and the economic activity in flood-prone urban coastal zones. It has
been recognized that the sectors of water resources, agricultural resources and food
security and coastal resources are all highly vulnerable with serious socioeconomic
implications [17]. In addition to the impact of climate change on increasing the tem-
perature and decreasing precipitation in the Near East North Africa Region including
Egypt, the IPCC [8], has singled out the Nile Delta in Egypt as one of the low-lying
river deltas that are considered as one of the most vulnerable systems to climate
change and sea level rise.

The Nile Delta in Egypt accounts for more than 50% of Egypt’s economic activity
through agriculture, industry and fisheries. It contributes about 20% of the Egypt’s
GDP and account for the largest source of employment, around 30% of the labor
force. According to UNDP [18], most of Egypt’s population and activities including
industry, agriculture, and tourism infrastructure and development is located along the
northern coastal area, and the reliance on the Nile Delta for prime agricultural land
is critically important to the country’s economy. Studies on the vulnerability of the
City of Alexandria, showed that sea level rise of 0.3 m would lead to infrastructure
damage worth billions of dollars, displacement of over half a million inhabitants, and
a loss of about 70,000 jobs. The lagoons of the Delta’s coastal area are considered
among the most productive natural systems in Egypt and they are internationally
renowned for their abundant bird life. It has been estimated that approximately 60%
of Egypt’s annual fish catch are from three main Delta lagoons, Idku, Burullus and
Manzalla, separated from theMediterranean by 0.5–3 km sand belt and dune system.
Coastal flooding and/or permanent inundation of these areas would lead to a decline
in water quality in coastal freshwater lagoons and corresponding adverse impacts on
fisheries and biodiversity.
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4.1 Vulnerability of Water Resources to Climate Change

The vulnerability of Egypt’s water resources to climate change entails those affecting
Nile flows including sensitivity to precipitation on the Ethiopian highlands; sensitiv-
ity to a temperature increase in equatorial lakes and Bahr El Ghazal, and uncertainty
due to significant differences in the Global Circulation Models output of water flow
into theNile. The sensitivity of theNile River, as themain source ofwater in Egypt, to
climate change, has been well documented. The expected effects of climate change
on Egyptian water resources at the southern part of Aswan High Dam Reservoir,
Lake Nubia, were investigated by Elshemy [19].

The United Nations Environment Program [20] report indicted the impact of
climate change on the Nile flow, as illustrated by Fig. 1. The study shows the annual
average stream levels on the Nile at the Atbara station which was established early
in the twentieth century. The hydrograph covers a 90 years period (1907–1997) of
monitoring. The Study shows mainly three distinct periods of water level rise and
decline can be identified: from 1907 to 1961 water level was slightly high, with
sharp decline from 1962 to 1984, and from 1987 to 1997 a water level rise which
is an indicator of the high sensitivity of the natural flow to rainfall on the Ethiopian
highlands.

Given the current hydro-political transboundary configurations in the basin, insti-
tutional and cooperative structures play a fundamental role of either alleviating or
exacerbating the vulnerabilities due to a changing climate in their consideration and
implementations of plans, policies, and projects addressing climate change issues.

It is expected that climate change will increase saline intrusion associated with
Sea Level Rise directly impacting Egypt’s entire economy. The Nile Delta’s coastal
lakes, are important key ecosystems that act as a protective zone for inland economic
activities. Lake Manzala, Burullus, Idku and Maryut, however, are only separated
from the Mediterranean by a 0.5–3 km stretch of land that is being impacted by
erosion and sand dune destabilization [18].

Also climate change is expected to have its critical impact on the local population
of the lakes, which will be exacerbated by existing stresses including population

Fig. 1 Annual average stream levels on the Nile at Atbara [20]



214 M. A. S. Abdel Monem and B. Radojevic

growth, poverty and poor nutrition, accumulating levels of air, land and water pollu-
tion and ever-growing gender and class inequalities. Sea Level Rise would destroy
parts of the protective offshore sand belt, already weakened by reduced sediment
flows. In the future decade and in the absence of adaptive action, 3.3% of total
land area of the Nile Delta will be lost to the sea, including the submersion of
approximately 16 km2 of fertile currently cultivated land [18].

To combat coastal erosion, the Egyptian Shore Protection Authority has been
focusing on the construction of ‘hard’ coastal protection structures including jetties,
groins, seawalls and breakwaters. The total cost of the required activities was esti-
mated at US$200 million. Only a small fraction of these infrastructural solutions
were implemented. Even if fully implemented, these solutions would lead to more
negative impacts such as sediment transport and blockage of waterways due to an
improper understanding of longer-term coastal dynamics associated with climate
change [18].

4.2 Vulnerability of the Crop Production System

The ‘Regional Initiative for theAssessment of the Impact ofClimateChangeonWater
Resources and Socio-Economic Vulnerability in the Arab Region’ [14] indicted that,
the highest vulnerability of the cropland systems in the Arab Region is assessed
to three regions including the Nile valley. The vulnerability increases from the
moderate-case to the worse-case scenario and from mid-century to end-century.

Climate change studies Abou-Hadid [21] and Hassanein and Medany [22], pre-
dicted reduction in the productivity of twomajor crops in Egypt—wheat andmaize—
by 15% and 19% respectively by 2050. Losses in crop productivity are mainly
attributed to the projected temperature increase, crop-water stress, pests and disease,
as well as the inundation and salinization.

Because of its exceptional importance to the Egyptian diet, wheat received great
attention with regards to the future impact of climate change on its production; Khalil
et al. [23] studied effect of climate change on the yield of threewheat varieties (Sids1,
Sakha 93 and Giza 168) in Egypt using CropSyst model with two climate change
scenarios. These scenarioswereA2 (temperature increase by 3.1 °C andCO2 concen-
tration is 834 ppm) and B2 (temperature increase by 2.2 °C and CO2 concentration
is 601 ppm). Results indicated that A2 scenario predicted greater reduction in wheat
yield, compared with B2 scenario in the year of 2038 and also indicated that varieties
showed different vulnerability to climate change scenarios.

However, results of the projected impact of climate change on crops should be
carefully examined taking into considerations the physiological effects of the elevated
CO2 enrichment on crop production. Degener [24] highlighted two mechanisms that
responsible for the impact of elevated, CO2 on crop yield. One mechanism is when
photosynthesis rate raises, resulting in more energy and thus a quicker development
of the plant in what is referred to as “the fertilization effect of CO2”. The second
mechanism through which an increase in CO2 reduces the amount of water needed to
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produce an equivalent amount of biomass. This improvement in water use efficiency
(WUE) is due to a closing of the stomata to regulate the flux of CO2 molecules and
affects both C3- and C4-plants alike [24].

Wang et al. [25] analyzed 59 peer reviewed papers and found that, elevated CO2

(between 450 and 800 ppm) significantly increased the yield of wheat grain by 24%.
This yield increase was found to be 44% less in free-air CO2 enrichment than in
the enclosed experimental environment. They concluded that key targets for future
plant breeding programs are to select new wheat genotypes which have higher sink
capacity for photosynthetic products and are capable of increasing nitrogen uptake
under elevated CO2.

Ruiz-Vera et al. [26] investigated the effects of rising CO2 and warmer temper-
ature, independently and in combination, on Maize grown in the field throughout a
full growing season. Growing Maize, as C4 crop, in mimicking conditions predicted
by the second half of this century, in which both CO2 and temperature were elevated,
they found that elevated CO2 did not stimulate the photosynthesis, the biomass, or the
yield of Maize. On the contrary, they found that warming had caused a reduction in
photosynthesis ofMaize and it shifted above ground carbon allocation away from the
reproduction processes of the crop, resulting in reduced yield. The study concluded
that future warming would reduce yield in maize, and this will not be mitigated by
higher atmospheric CO2 unless appropriate adaptation traits can be introduced into
future cultivars.

Ruiz-Vera et al. [26] reviewedmore than twenty years of work on open-air enrich-
ment with CO2 of C3 crops of cotton, wheat, ryegrass, clover, potato, grape, rice,
barley, sugar beet, soybean, cassava and mustard, and C4 crops of sorghum and
maize. They concluded that: elevated CO2 (550 ppm from an ambient concentration
of about 353 ppm in 1990) biomass and yield were increased by in all C3 species,
but not in C4 species except when water was limiting and that the yields of C3 grain
crops were increased on average about 19%.

4.3 Vulnerability of the Livestock Production System

The livestock production contributes significantly to the national economy of the
countries of the Near East and North Africa region. It has been more than doubled
during the last 40 years from 186 to 412 million head [4]. It has been estimated that
38% of the rural population lives in agro-pastoral livestock production areas, while
59% of the rural population lives in mixed livestock production systems.

The likely impacts of climate change on food production are not limited to crops
and agricultural production. Climate change will have great consequences for dairy,
meat andwool production, mainly arising from its impact on grassland and rangeland
productivity. In areas threatened by global warming such as the Near East and North
Africa, higher incidences of transboundary diseases can illustrate a major challenge
for the animal production system.
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Climate change effects livestock production through its impact on (i) the drinking
water resources (ii) quality and quantity of feed (iii) biodiversity and the genetic
breeding and (iv) the health of animals [27]. Climate change impact on the different
components of the livestock environment in dry areas was summarized by Hassanein
and Medany [22] as:

• High ambient temperatures compromise the reproductive efficiency of farm
animals (both sexes) and hence affect milk and meat production.

• Humidity also affects animal farm productivity. The combination of temperature
and humidity is referred to as the “Temperature Humidity Index (THI)”, and it
measures the discomfort experienced by animals. At THI above 72, production
of cow’s milk starts to decline for a cow with no access to shade, while at over
78, milk production starts to decline for cows that have access to both shade and
sprinkler system.

• Heat stress hits lactating cows at the rectal temperature of above 39.4 °C. To cope
with the stress, the cow allocates more energy to maintain the body temperature
at the expense of the amount of energy needed for milk production.

• High temperatures impact the productivity of livestock as well as their growth
performance. They impact the uterine environment, reduce the total number of
embryo cells resulting in smaller lamb sizes, which are susceptible to dehydration
during their early stage of life.

SADS [2] estimated that livestock in Egypt contribute significantly to the agri-
cultural gross domestic production with a value of about USD 6.1 billion in 2007.
The agricultural development strategy 2030 aims to increase dairy production to
9.5 million tons, red meat to 1 million tons, poultry to 1.4 million tons, and fish to
1.4 million tons per year. This requires—among other activities—the protection of
such resources from farm and common diseases [3].

Small scale farmers are the main of livestock in Egypt, while the government
sector contribute with less than 2% for the number of animals. Animal production
activity is very well integrated within the cropping system, since Egypt has limited
natural pastures and depends mainly on planting forages, mainly clover (Barseem)
for animal feed in addition to straw and hay. Animal production is highly dependent
on cattle and buffaloes as milk-producing animals, as well as male animals and
un-reproductive females, are fattened for meat.

Eid [28] explained that livestock/crop production in Egypt is an excellent example
of an integrated production system where fodder crops and agricultural residues
provide the feed for animals. Majority of small farmers (about 90% of farmers)
practice this system. Animal manure with its addition of organic matter that will
increase the soil fertility. It is estimated that more than 50 million m3 of animal
manure are produced annually.

However, the livestock production system in Egypt will face evenmore challenges
with the predicted future climate change causing highmortality of young animals and
low daily gain well below the genetic potential particularly the high frequency and
severity of drought. Resource degradation, in general, contributes to the decrease of
livestock production, including the decline of aquifers and consequentially available
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water for animals; soils salinization due to sea level rise in the North of Delta and
over exploitation of ground water; in addition to degradation of range land due to
overgrazing, and cultivation of marginal lands.

In addition to the harmful heat stress impacts on animals’ productivity, new animal
diseases appeared in Egypt causing serious negative impacts on livestock production,
such as the blue tongue disease and rift valley fever. With regards to the feed produc-
tion, availability of fodder is subject to decrease due to climate change impacts on
crops productivity, and the increasing competition over the land and water resources
between fodder and cereal crops. In this respect Habeeb et al. [29] reported that
exposure of animals to heat stress causes a series of drastic changes in the bio-
logical functions, including decrease in feed intake, feed efficiency and utilization,
disturbances in water, protein, energy and mineral balances, enzymatic activities,
hormonal secretions and blood metabolites ending to impairment the productive and
reproductive performance.

4.4 The Vulnerability of the Fishery Production System

According to FAO [30], climate change impacts the fisheries and aquaculture sectors
either direct physical effects of changing sea levels, flooding and storms patterns,
or through biological and ecological responses to physical changes (e.g. produc-
tivity, species abundance, ecosystem stability, stock locations, pathogen levels and
impacts). These impacts are expected to affect fishers, fish farmers and coastal inhab-
itants through their impact on livelihoods, changes in the availability and quality of
fish for food, and through rising risks to human health, safety and homes.

FAO report which summaries the findings of the fifth assessment of the
intergovernmental panel on climate change [16], suggested that:

• Ecosystems of the Arabian Gulf, the Red Sea and theMediterranean Sea are linked
to continuous stratification, rising temperatures, changes in pH values, reduced O2

concentration, and subsequent effects on corals and the primary production and
larger commercially valuable fish stocks.

• Increasing temperatures, algal bloom changes in the diversity of zooplankton and
the “tropicalization” of the fauna have been observed in the Mediterranean.

• Several northern African countries that border the Mediterranean and Red Seas
including Egypt are especially vulnerable to physical and chemical climate drivers
and are heating upmuch faster than the global mean ocean temperature due to their
shallow physical structure and their land-locked location.

• The catch potential in 28 locations around the Meditation and the Red Sea
(including Egypt) is expected to reduce by as high as 50%.

Egypt’s National Strategy for Adaptation to Climate Change and Disaster Risk
Reduction [3], reported that, there is a chance that the water of the northern lakes in
Egypt may change, due to the rise in temperature and intrusion of the sea water from
the Mediterranean Sea as a result of its level rise. This may cause destruction and
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transgression of the narrow sand barrier separating the sea from these lakes, which
will then lead to its gradual sink in.

This may cause a change in the biodiversity of marine life and in fisheries located
south of the lakes. Salinity will increase, and will gradually reach that of the open
sea. The fish ecosystem will change as the rate of nutritional assimilation rises.
This will lead to a higher need for nutrition, and increased competition between
different species, thus raising the Biological Oxygen Demand (BOD). In terms of
the hydrological aspect, the Mediterranean Sea level rise—whether it is 50 cm or
1 m—will have a significant impact on the rates and locations of egg hatching. The
increased salinity will limit the spread of fresh water fish in the northern areas of the
Delta, and alter specific mix of the fish.

4.5 Enhancing Adaptive Capacity and Resilience to Climate
Change in Egypt

Developing strategy for enhancing adaptive capacity and resilience to climate change
in Egypt requires coordination and integration between the main related national
strategies. These strategies include Egypt’sVision 2030 (2016), the SustainableAgri-
cultural Development Strategy [2], and Egypt’s National Strategy for Adaptation to
Climate Change and Disaster Risk Reduction [3] are as well as activities that cut
across a number of stakeholders and national processes.

The objective of Egypt’s National Strategy for Adaptation to Climate Change and
Disaster Risk Reduction [3] is to increase the resilience of the Egyptian communities
to climate change impacts at various sectors and activities. The Egyptian Strategy has
been developed based on the expectation of the IPCC reports that average temperature
increase will not exceed two degrees Celsius until the year 2100 and under two
scenarios of sea level rise by 2100 that are, 0.5 and 1 m.

The Strategy presents an assessment of the current situation in all sectors, includ-
ing water resources and irrigation, agriculture, health, urban areas, housing, roads
and tourism. The strategy focuses on the importance of coastal zones as impacted
by sea level rise. Also, the Strategy provides suggestions for adaptation measures
based on extensive research efforts of the Egyptian scientific institutions to face the
climate change challenges.

In the water sector, the strategy identifies population increase, fragmented agri-
cultural holdings, unstable cropping system, lack of financial resources, and weak
legislations as main challenges. Adaptation measures have been identified to cope
with the impact of climate change on water.

The most important specialized adaptation programs proposed in the National
Strategy for Adaptation to Climate Change and the Sustainable Agricultural Devel-
opment Strategy that can be reflected in the Climate Smart Agriculture strategy
include the following:
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• Introduction of breeding programs for the economic field and horticultural crops
to introduce new varieties that are capable of adapting to the expected changes in
climate including gradual temperature increase, high soil salinity, less available
water, resistance to insects and plant disease.

• Development of new short growing crop varieties to reduce their water require-
ments.

• Expansion of cultivation of crops of economic importance, which can adapt to
climate change (e.g. rice),while taking into account the use of new farming systems
to adapt to changing expectations in water supply and the gradual replacement of
sugar cane by sugar beet.

The research institutions in Egypt contribute to enhancing the adaptive capacity
of the country to cope with impacts of climate change. Colleges of Agriculture in the
Egyptian Universities, The Agricultural Research Center and the Desert Research
Centers are the main pillars of the agricultural research system in Egypt that provide
the scientific bases for impact of climate change on agricultural sector. In addition
to the National Research Center, The The National Water Research Center, National
Institute of Oceanography and Fisheries and The Egyptian Atomic Energy Authority
and institutes of Environmental studies.

5 Climate Change Adaptation Efforts

Although impact of climate change on agricultural and water sectors in Egypt has
been well documented in the regional and global reports, the national scientific
research institutions did not give the issue the attention it deserves. Changing sow-
ing dates and management practices are among the important measures for climate
change adaptation to cope with its adverse impact. Changing crop varieties to those
tolerant to drought, heat, salinity and pests, and changing crop pattern and rotation
are the most promising adaptation measures at the national level. Using low efficient
irrigation practices and improved surface irrigation systems with higher efficiencies
and applying deficit irrigation are considered as important adaptation measures that
contribute to cope the impact of climate change.

Efforts have been done to improve the current low productivity of livestock in
Egypt under the drought and heat stress aswell as considering their feeding programs.
However, there is no clear adaption measures have been identified for the fisheries.
More studies should be conducted aswell as tools and guidelines should be developed
to address assessment and impact of climate change as well as proposing adaptation
measures.

In addition research and innovation; capacity development and awareness rising
are important components of any program or project that will address climate change
in Egypt.
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6 Conclusions

Climate change adaptation is of paramount importance to agriculture, given the
reliance of the sector on climate. Climate change adaptation policies should be based
on science, and incorporate knowledge of indigenous peoples and traditional prac-
tices. Adaptation considerations should be mainstreamed into sectoral and cross-
sectoral policymaking, and promote good adaptation practices to confront the het-
erogeneity and uncertainty of climate change impacts. Ultimately, adaptation efforts
should contribute towards sustainable food production and food security for all [5].

7 Recommendations

• Strengthening the climate change institutionally at the country level to include
environmental institutions in addition to those of agriculture and water.

• Mainstream issues related to impact of climate change in the national policies and
strategies of the agricultural and water sector.

• Enhance the scientific research sector to address climate change concerns.
• Improve irrigation water productivity for sustainable agricultural production and
food security.
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Vulnerability of Crop Pollination
Ecosystem Services to Climate Change

Mohamed A. M. Osman and Mohamed A. Shebl

Abstract Crop pollination is one of the most valuable ecosystem services. It plays
an important part in human food security. Pollination services are mainly provided
by wild pollinator species as solitary bees and by commercially managed honeybees.
Pollinators also have a key role in maintaining other ecosystem services including
ensuring biodiversity. Declines in bee diversity over the last two decade have been
recorded in many countries worldwide. Some drivers generate many stressors for
pollinators such as loss of habitat, nest fragmentation, urbanization, reduced floral
resource supply, increasing of pests and diseases, extensive use of pesticides and
climate change. Climate change is potentially the most serious threat to pollinator
biodiversity, reducing crop productivity and negatively impacting global food secu-
rity. This chapter focuses on explaining the evidence of the biotic responses to the
slight climate changes that occurred recently. In Egypt,many studies have proven that
many bee species including honeybees are under huge threats affecting the agricul-
ture production and plant vegetation. Tomitigate this great problem, several attempts
were conducted in order to conserve and propagate the most vulnerable solitary bee
species through re-nesting them in artificial nests to be used for crop pollination.

Keywords Pollination · Bees · Decline · Climate change · Conservation

1 Introduction

The pollination of flowering plants is one of the most important ecological services
in natural and agricultural ecosystems. The majority of angiosperm plants rely on
animals for pollination [1]. Not all insects are pollinators, nor all pollinators are
insects. Most insect pollinators are Hymenopteran (Bees), Dipteran (flies), Lepi-
dopteran (butterflies and moths) and Coleopteran (beetles and weevils). Bees and
sphecid wasps belong to the superfamily Apoidea are considered the major plant
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pollinators. The bees (called Apiformes) can be distinguished from the wasps by
the presence of erect, plumose hairs on their faces [2]. Bees and their life-sustaining
relationships with flowering plants occupy keystone in both natural and agricultural
ecosystems [3–5]. Given their ecological services, native bee faunas are an impor-
tant natural resource that can complement honey bees and other managed pollinators
in their ecosystem services [6, 7]. Most bees are dependent on products produced
by angiosperm-flowers which include pollen, nectar and oils, which used for their
progeny. The co-evolution of bees and flowers has resulted in special morphological
adaptations for both insects and plants, and the needs of some plants for pollination
by bees are absolute [8]. Bees comprise over 20,000 species worldwide, and most
of them are critical to ecosystem health through their pollination activities, except
for cuckoo bees. Native bees can enhance the services provided by managed honey
bees via behavior interactions [9]. Thus the complementary foraging activities of
honey bees plus wild bees can result in enhancing pollination [10]. The decline of
some species is well documented globally due to several reasons such as climate
change, lack of natural foraging resources, epidemic of some pests and diseases
and elimination of nesting habitats; these declines have been reported worldwide
[11–14].

2 Pollination as an Essential Ecosystem Service

Ecosystem services are the set of processes through which the natural ecosystems
contribute to human well-being [15]. These include provisioning services such
as food and water; regulating services for instance regulation of climate, floods,
drought, land degradation, pests, diseases and pollination; supporting services such
as soil formation, photosynthesis and nutrient cycling; and cultural services such as
recreational, spiritual enrichment and other non-material benefits [5, 16].

The natural pollination of crops is one of the most recognized ecosystem services.
It is a pivotal function in all terrestrial ecosystems, supporting ecological stability
and food security worldwide. Pollination service, supplying production inputs to
agriculture fromwild biodiversity, provides one of the strongest cases for valuing and
managing natural habitats and resources for the services they provide to livelihoods.

Pollination is defined as a process bywhich plants sexually reproduce. The process
is defined as the transfer of pollen grains from the anther of a flower to the stigma of
the same or another flower of the same plant species. So, pollination can be accom-
plished by cross-pollination or by self-pollination. This process is one of the oldest
complicated basic biology processes of the evolution history of at least 100 million
years [17]. Pollination service is one of the key ecosystem services associated with
agro-ecosystems, as one-third of crop species worldwide require insect pollinators
[18, 19, 20, 13, 21, 22, 23].

Pollination in flowering plants provided by animals is considered as a regulating
as well as a supporting ecosystem service. As a regulating service, pollination is
essential for the reproduction of pollinator-dependent plants that supply humans
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with foods, forage, fiber, timber, firewood, biofuels and medicine. As a supporting
service, it is also necessary for maintaining populations of pollinator-dependent wild
plants [24] that subsequently provide additional ecosystem services, such as water
filtration, carbon storage, erosion control, and habitat for biodiversity [25].

Pollination services may be directly or indirectly contribute to human well-being.
It contributes significantly to the agricultural production of a broad range of crops, in
particular seeds, fruits, vegetables, nuts, fiber and forage crops (e.g., clover, orange,
apple, strawberry, cucumber, cotton, melon, squash, bean, soy and sunflower). Indi-
rect contributions of pollination include, for example, the reproduction of much
valued timber tree species (e.g., mahogany, [26]), and plant-extracted medicines,
conservation of plant genetic diversity resources, and ecosystem resilience [27].

3 Role of Pollinators in Sustaining Agricultural
Productivity

There are 250,000–400,000 species of angiosperms (flowering plants) known world-
wide, including bothwild and cultivated plants. These plants play an important role in
sustaining our atmosphere, soils, and other elements of global functioning, as well as
supporting an enormous number of animals by providing food, shelter, and defense.
On the other hand,most flower visitors, in particular insect pollinators, play a key role
to fertilize these plants through cross-pollination. Thus, the loss of one partner affects
the other, which seriously affects the entire ecosystem. Unfortunately, pollination is
not considered as one of the major aspects of world food security [20]. Without pol-
lination services, especially insect pollination services, probably our valuable crops
would require another way of pollination. Otherwise, without insect pollination ser-
vices, crop productivitywill be reduced,whichmeans not providing adequate sources
of food [28]. Likewise, the scarcity of pollinator populations reduces the productivity
of food, timber and fiber plants, which lead to hunger and poverty [29]. The decline
in agricultural production can result from insufficient pollination rather than using
agrochemicals or pest infestation or other insufficient agriculture input. Pollinators
are part of very specific relationships with their plants; lack of these pollinators can
have a great impact across the natural and agriculture ecosystems. Several literatures
discussed the contribution of pollinators to our ecosystem services in terms of mon-
etary value [30–34]. Up to now, there are no any assessments for the contribution of
pollinators and bees in particular to the agriculture production in Egypt. Still, there
is no public awareness of the importance of the pollinators and their contribution
for agricultural production. The whole concern of producers is honeybee and honey
production regardless of their main importance for crop and plant pollination. The
bees are considered one of the major insect pollinators for several crops worldwide
such as almond, berries, citrus, clover, vegetables and others.



226 M. A. M. Osman and M. A. Shebl

4 Climate Change and Crop Pollination

Climate is a key environmental factor that has a significant impact on various ecosys-
tems. Climate change is any substantial change in Earth’s climate that refers to
seasonal changes over a long period with regard to the rising accumulation of green-
house gases in the atmosphere. It is one of the major challenges of our time, adding
considerable stress to our communities and the environment.

Changing climate could lead to substantially alter or eliminate certain ecosystem
services in the future. It affects ecosystems in different ways, for instance, warming
may force species tomigrate to higher latitudes or higher altitudeswhere temperatures
are more favorable to their survival [35]. Climate change is already affecting our
climate, agriculture, native ecosystems, infrastructure, health and biosecurity. It has
broad impacts on plant phenology and growth, carbon and nutrient cycling, as well
as biodiversity and extinction risk. It is affecting the ability of landscapes to provide
these environmental benefits. Climate change also has the potential to severely impact
ecosystem services such as pollination process.

Crop pollination is a vital ecosystem service and essential for sustainment agri-
cultural and horticultural productivity. Pollination is a keystone process in natural
andmanaged ecosystems. The reproductive success of plants, and consequently their
survival and evolution depend on it. Pollination interventions have been shown to
enhance seed production, quality of seeds, and fruits in various crops. Over 75% of
the major world crops and 80% of all flowering plant species rely on some amount
of animal pollinators [36, 37]. The total economic value of animal pollination to
agricultural production has been estimated at e153 billion (~$200 billion) annually
[38], which represented about 9.5% of the total value (e1618 trillion) of agricultural
production used for human food worldwide in 2005.

Animal pollinators include many insect species (for example, bees, flies, butter-
flies, moths, wasps, beetles and thrips), as well as several species of birds, bats and
other mammals [37]. Bees are considered the most important group of insect pollina-
tors, which help pollinate about 84% of crop species, increasing the yield and quality
of approximately 35% of crops worldwide. The leading pollinator-dependent crops
are vegetables and fruits, representing about e50 billion each, followed by edible
oil crops, stimulants, nuts and spices. The most pollinator-dependent crop categories
ranked in descending order according to the economic value of insect pollination
were vegetables, fruits, and edible oil crops (Table 1).

Climate change may pose a serious threat to pollination services [39–41]. It is
an important driver affecting pollinators and plant-pollinator interactions [42–44].
Climate change is considered as one of the multiple environmental pressures acting
in concert [41]. The Intergovernmental Panel on Climate Change (IPCC) [45] has
developed a list of many observed changes of the global climate, including increased
temperatures, reduced snow and ice cover, and variable rainfall frequency and inten-
sity of precipitation [46]. Increasing global temperatures, droughts andmore frequent
extreme events are all suggested to affect plant-pollinator interactions [47]. In this
context, the most important impact of climate change is the increasing trend in the
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Table 1 Economic impacts of insect pollination of the world agricultural production used directly
for human food and listed by the man categories ranked by their rate of vulnerability to pollinator
loss [38]

Crop category Average value
of a production
unit

Total production
economic value
(EV)

Insect
pollination
economic value
(IPEV)

Rate of
vulnerability
(IPEV/EV)

e per metric ton 109e 109e %

Stimulant crops 1225 19 7.0 39.0

Nuts 1269 13 4.2 31.0

Fruits 452 219 50.6 23.1

Edible oil crops 385 240 39.0 16.3

Vegetables 468 418 50.9 12.2

Pulse 515 24 1.0 4.3

Spices 1003 7 0.2 2.7

Cereals 139 312 0.0 0.0

Sugar crops 177 268 0.0 0.0

Roots and tubers 137 98 0.0 0.0

All categories
pooled together

1618 152.9 9.5

global temperatures that may considerably impacts on pollinator interactions and
thus the whole pollination process.

Due to the experimental studies that focused on the impacts of climate change on
the interactions of wild plant pollinators and those in crop pollination are rare, the
negative effects of climate change on pollinators and pollination services had been
remained fully unclear for several decades.

However, over recent decades, several authors [48, 49] have argued that including
species interactions when analyzing the ecological effects of climate change is of
utmost importance. The future scenarios on climate change reported by the IPCC
suggest that the seasonal activity, abundance, disrupting life cycles, diversity of
wild pollinator species, and interactions between species, as well as community
compositionmay change differentially correlatedwith observed changes in terrestrial
climate [50].

4.1 Impact of Climate Change on Crop Diversity

Crop diversity is the variance in genetic and phenotypic characteristics of plants used
in agriculture. It comprises the genetic diversity within each crop (within-crop diver-
sity), and the number of species commonly grown (between-crop diversity). Over the
past 50 years, there has been a great decline in both components of crop diversity. The
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loss of biodiversity is considered one of today’s most serious environmental concerns
by the Food and Agricultural Organization (FAO) [51]. This diversity is therefore
important for all scales of crops and food security. If a particular crop variety fails due
to any environmental stresses entailing shifts in temperature, precipitation, drought,
flooding or disease, another variety can survive to avoid food shortages.

Changes in long-term environmental conditions that known as climate change had
enormous impacts on current plant diversity patterns; further impacts are expected in
the future. It is recognized that climate change will remain one of the major drivers of
biodiversity patterns in the future. Climate change plays a key role in plant diversity,
as well as its productivity.

Climate change having substantial, often negative, impacts on farming systems
worldwide. It is affecting a diversity of species in a variety of ways [52–54]. In
general, it is predicted that the tropicswill suffer themost from the effects of increased
and sporadic temperature spikes and decreased and sporadic precipitation [55, 54].
There is already evidence that plant species are shifting their ranges in altitude and
latitude as a response to changing regional climates. Climate change has already led
to shifts in the species distribution in many parts of the world. In the future, it is
expected that there will be increasing impacts; however few studies have aimed for
a general understanding of the regional basis for species vulnerability.

Africa is one of the most vulnerable continents to climate variability, a situation
exacerbated by multiple stresses that interact in various levels and the low adaptive
capacity [56]. In Africa, the distribution of crops will vary in the future according to
the expected impact of climate change as follows [57]:

• In the event of a change to a very hot climate, more fruits and vegetables will be
cultivated.

• In the event of a change to a mild and humid climate, more millet will be grown,
except in low dry savannas and semi-arid lowlands.

• In all possible scenarios,maize selectionwill be significantly reduced in all regions.
• Wheat cultivation will be decreased across Africa as the climate warms.

In many areas, the crop varieties and species currently grown by farmers cannot
tolerate these stresses in climate change, with resultant losses in productivity, and
potentially negative consequences for food security. According to IPCC and other
studies, temperature increases of 1–2 °C will increase production of some of the
world’s major staples, while temperature increases of more than 2 °C will have
increasingly negative impacts [58].

Researchers predict that 20–30% of the species in the Arab world will become
extinct if the temperature rises only 1 degree. Yemen has the highest number of
threatened species, with 159 species, Somalia has 17 threatened species, and Jordan,
Egypt, Saudi Arabia and others combined more than 80 endangered species, includ-
ing the cedar forests in Lebanon and Syria. Amongst the many threatened species
are wild relatives of our crops that possess valuable traits for crop breeding, such
as pest and disease resistance. Almost 6% of relative wild species of cereal crops
such as wheat, maize, rice, and sorghum, about 18% of legumes as beans, peas and
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lentils, as well as 13% of family Solanaceae that includes potato, tomato, eggplant,
and peppers are at risk of extinction.

Crop diversity is an aspect of biodiversity provides a number of benefits within
agricultural production systems. It contributes directly to global food security,
ecosystem function and human well-being. International organizations are working
across the world to preserve crop diversity, using means such as seed banks. More
than 70% of all crop wild relative species worldwide are in urgent need of further
attention through more collection and conservation to improve their representation
in genebanks.

4.2 Effect of Climate Change on Crop Flowering Time

Climate change not only affects the natural species diversity and distribution but also
extends its influences to other phenological events of crops [59, 60]. The timing of
phenological events such as flowering is often related to environmental variables.
Changing climate is therefore expected to affect the timing of flowering in many
plant species [61, 62].

Flowering time refers to the time after vegetation growth in which a plant switches
to reproductive growth through the appearance of the first floral bud. It is a critical
phenological stage for subsequent reproductive phase. The timing of flowering is
regulated by environmental factors and by genetic factors. It is a key parameter for
both crop adaptation to environmental conditions and yield potential. The optimum
time of flowering is the most important for agricultural production, especially for
crops yield and seeds quality.

The flowering time of cultivated crops within a season is largely determined by
responses to temperature, photoperiod, atmospheric CO2 [63, 64], water availability
and other ecological cues; all represent climate changes typically associated matu-
ration with global warming [62, 65]. In recent decades, earlier flowering has been
observed and documented in crop plants [66–70], as well as in natural communities
[61]. Almost, 78% of a total of 542 plant species in 21 European countries showed
earlier flowering, with an average of 2.5 d per decade [68]. In Germany, the early
phenological events of agricultural and horticultural crops were recorded between
1951 and 2004 with an average of 1.1–1.3 d per decade [66].

Earlier flowering and the relative duration of the pre and post-flowering phases
(vegetative and reproductive phases, respectively) are critical determinant of crop
yield and seeds quality [71]. In general, warmer temperatures shorten the develop-
mental stages of crops and, eventually lead to lower yields of a given plant species.
In this respect, the expected changing in crop growing cycle reduction (number of
days) were reported in different Mediterranean countries in response to an increase
of 2 °C (2031–2060) respect to present scenario (1960–1990) (Table 2) [72].

In general, plant flowering tends to occur earlier than it did a decade ago, with the
greatest phenological changes observed in early spring [61, 68]. The flowering times
(FT) in 461 plant species showed a trend of earlier flowering with climate warming
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Table 2 Crop growing cycle reduction (number of days) in response to an increase of 2 °C (2031–
2060) concerning present scenario (1960–1990)

Country C4 summer crops Legumes C3 summer crops Tuber crops Cereals

Algeria −12.3 −8.0 −9.9 −7.6 −3.3

Egypt −9.5 −6.0 −7.5 −7.4 −4.2

France −13.6 −10.6 −16.2 −19.6 −8.3

Jordan −8.3 −4.9 −6.2 −4.9 −10.3

Greece −4.5 −2.6 −3.6 −1.9 −7.1

Italy −4.1 −2.3 −5.0 −5.4 −10.1

Libya −7.9 −5.0 −6.5 −6.7 −5.7

Morocco −14.0 −10.1 −11.2 −9.0 −8.8

Portugal −12.1 −8.3 −10.0 −9.5 −8.9

Serbia −2.9 −1.7 −1.6 −10.2 −12.2

Spain −19.4 −7.1 −15.7 −15.4 −7.3

Tunis −9.2 −5.4 −7.7 −12.1 −1.2

Turkey −18.1 −11.6 −18.4 −17.6 −8.9

Legend C4 crops = maize; Legumes = bean, lentil; C3 summer crops = sunflower; Tuber crops
= potato; Cereals = barley, wheat [73]

[74]. These shifts are largely attributed to rising temperatures, but anticipated changes
in precipitationmay also affect phenology, especially in arid regions [75].With regard
to warmer temperatures, crop yield can be affected at any time from sowing to grain
maturity, but it is the time around flowering and during the grain-filling stage, high
temperatures have the most impact on the final harvestable crop, as found in cereals
[76, 77]. These changes in phenology can also lead to asynchrony between plants
and their insect pollinators (as a plant may no longer flower at the same time that
wild bees emergence are occurring, for example), with potentially drastic effects
on yield reproduction. The interactions among flowering plants and pollinators are
ecologically important and economically valuable. However there are no adequate
studies of these important consequences for plant-pollinator interactions.

5 Vulnerability of Pollinating Insects to Climate Change

5.1 Decline of Insect Pollinators in Egypt

There are no enough field expeditions conducted across Egypt for clarifying the exact
number of bee fauna in the country. Several field works were conducted during the
1970s for listing several bee taxa and species in some areas [78]. By then some other
works were conducted during the last two decade but on a small scale compared to
that one in the 1970s. In previous studies, some authors mentioned that Egypt is one
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of the richest areas with solitary bees [79–91]. The agricultural cultivated areas all
over Egypt have been changed dramatically over the last 20 years. Some agricultural
areas have been changed to be urban and suburban communities. Since then, a lot
of impacts have been affected by several issues in the agriculture ecosystem with
special concern to flora and fauna including wild and domestic bees. On the other
hand, the newly reclaimed areas are shortened due to the limited water resources and
low rainfall whichmainly affected by climate changes. This has been proved with the
bee of the genus Anthophora, which Egypt was so rich with over 80 species, but right
now the species richness of this genus was fewer than the past [90]. Also, the increase
of temperature is well recognized in both seasons; winter season becoming short
and the summer season becoming longer, which will effect on the species thermal
tolerance levels, distributions and the whole lifecycle. In additions, some species
may disappear, and some other species will have more superiority for dominating
in the ecosystem [92, 39]. There are a lot of studies in this regard worldwide, but
unfortunately there is no any information or data about the real or expected scenarios
for insect pollinators in Egypt. Recently, Apis florea, the dwarf honeybees were
recorded in Egypt, which considered as a biological invasion, and it is expected to
compete with domestic honeybees Apis mellifera on their foraging resources [93].
So, this species in the coming two-decades probably will invade the whole of North
Africa.

5.2 Solitary Bees and Nest Fragmentation

Several bee species, which are “cavity and ground-nesting bees” are threatened
by nesting fragmentation, habitat elimination, degradation and urbanization [94,
78]. The populations of some bee species from the family: Megachilidae was less
than their populations in the past, such species as Chalicodoma siculum (Rossi,
1792),Chalicodomanigripes (Spinola, 1838),Chalicodomaflavipes (Spinola, 1838),
Megachile minutissima (Radoszkowski, 1876), Osmia latreillei (Spinola, 1806) and
Osmia submicans (Morawitz, 1870) [89, 78]. The same case was found with another
bee species, Eucera nigrilabris (Lepeletier, 1841). The whole nesting area of this
species was eliminated for to national project of covered drainage [95]. Therefore, a
lot of attempts were carried out in the Bee Research Center of Suez Canal University
for conserving several cavity nesting bee species. This was done successfully with
three major species Chalicodoma siculum (Rossi, 1792), Megachile minutissima
(Radoszkowski, 1876) and Osmia latreillei (Spinola, 1806).

5.3 Bees and Shortage of Foraging Resources

One of the major threats for bees is the threat of plant pollinator interactions. This
could be recognized in several studies worldwide. The climate change is affecting
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the synchronization of the host plant blooming and their bee pollinators and misses
matching and changes the plant-pollinator phenology [96]. So, the bees could miss
the blooming season of their major floral plants, which will affect the bee survival
and disappearance, this might be happening and was proved in rare cases [96, 97].
Also, with climate change, it is expected to have some more changes on the bee
generations and their inter correlations with their foraging resources. It is known
that bee’s voltinism (the number of generations per year) divided into univoltine,
bivoltine,multivoltine and an uncountable number of generationswith social species.
So, within the time when the whole ecosystem will change, some species will have
more dominant superiority and others will completely disappear and decline. It is
not easy to prove this assumption, especially with insufficient studies in this regard
in Egypt. However, there are a lot of agricultural areas across the whole country
completely changed from a cultivated area to urban and suburban cities. Beekeeping
activities have been stopped in these areas, and many species of solitary bees that
were recorded in the past are not present at this time. This is clearly showed in our
research works on major pollinators of broad bean; Anthophorids, which considered
as one of the major bee pollinators of this economic plant [98, 99, 90]. Egypt was
one of the richest Mediterranean countries with this group of solitary bee, and the
total recorded number was over 80 species [86] but the total species number is
currently less than the number recorded in the past [89]. With a clean environment
and more diverse vegetation and floral resources, we will get more number and
a diverse number of bee species richness and abundance. So, it is recommended to
encourage farmers, local agriculture producers, and natural protectorate conservative
areas and national parks mangers for cultivated bee-friendly plants. We introduced
Phacelia tanacetifolia to our conservation area of bees at the Suez Canal University
campus in 2015. Fortunately, the plant attracts several plant pollinators of butterflies,
honeybees and solitary bees (Fig. 1). Several bee species were recorded visiting
this plant such as Megachile cinnamomea, Megachile mintissiuma, Chalicodoma
siculum,Stelismurina (Megachilidae);Apismellifera,Amegilla sp.,Certaina trasata,
Xylocopa pubscences (Apidae); Nomidiodes sp. (Halictidae), Colletes lacunatus,
Hylaeus (Colletidae) and Andrena flavipes (Andrenidae) (Shebl, unpublished data).

5.4 Honeybee Pests and Diseases

Many species of bee pollinators are in decline; these declines have been reported
worldwide [11]. The impacts of diseases, parasites, and pathogens on pollinator
populations are of growing concern globally [12–14]. Managed honey bees and
bumble bees are affected by parasitic mites, many diseases and pathogens, and there
is evidence that these can spread from commercial colonies to wild populations
and species [100–103]. There are some pests have a great impact on the number of
honeybee colonies across Egypt especially the red date palm wasp, Vespa orientalis.
This was attacking a lot of colonies, especially in the late summer season from July
and August in addition to some other minor pests such as ants and wax moths [104].
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Fig. 1 Phacelia tanacetifolia bee-friendly plant introduced to Egypt as a forage resource during
the winter season. Photographed by M. Shebl

A newly recorded pest, Senotainia tricuspis, was recorded for the first time in Egypt
in 2015 [105] (Fig. 2). A survey was conducted for the latter new recorded pest, and
the result is shown in Table 3 (Shebl, unpublished data).

One of the most severe problems of honeybee colonies is the widespread of Var-
roa mite, but Acarapis woodi has less impact on honeybee health. Other parasites
also such as Nosema ceranae, N. apis, fungal, viral, and bacterial diseases have been
found to be highly damaging to honeybee colonies [104]. One of the major problems
of honeybee colonies is the high infection of the Deformed Wind Virus which trans-
mitted by the Varroa mite, and the infection is wised spread in Egypt [106]. In the
Arab world and the Middle East, Colony Collapse Disorder is recognized since 2006
[107] but there is clear published data for CCD in Egypt. There are some losses on the
total number of honeybee colonies all over the country. Also, a lot of beekeepers have
been quite their jobs due to their hives loss. Climate change and human interferences
such as miss management of honey bee races have a great influence on the spreading
and weakness of honeybees. With the less adequate number of honeybee colonies,
our food will be less, and a lot of hunger problems will be created worldwide. Some
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Fig. 2 Some pests of honeybee colonies in Egypt, a–b Vespa orientalis; c Cataglyphus bicolor;
d Senotainia tricuspis. Photographed by M. Shebl

Table 3 Infestation rate of Senotainia tricuspis at different localities of N, E, W, and S of Egypt

Sample no. Total bees
no.

City Coordinates Coordinates Infection
percentage
(%)

+

N (North) E (East) −

1 35 (32
Healthy and
3 infected)

Alexandria 31°16′ N 29°88′ E 8.60 +

2 15 Healthy Alexandria 31°16′ N 29°88′ E 0 −
3 97 Healthy Alexandria 31°17′ N 30°13′ E 0 −
4 98 Healthy Alexandria 31°17′ N 30°13′ E 0 −
5 25 Healthy Ismailia 30°26′ N 32°16′ E 0 −
6 21 Healthy Alexandria 31°16′ N 29°88′ E 0 −
7 76 Healthy N Sinai 31°07′ N 33°46′ E 0 −
8 105 Healthy N Sinai 31°07′ N 33°46′ E 0 −
9 125 Healthy Alexandria 31°16′ N 29°88′ E 0 −
10 114 Healthy Alexandria 31°16′ N 29°88′ E 0 −
11 97 Healthy Qena 25°42′ N 32°38′ E 0 −
12 92 Healthy Qena 25°42′ N 32°38′ E 0 −

Unpublished data by M. Shebl
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Egyptian beekeepers have reported some symptoms of CCD [108] so it is a great
challenge for bee scientists for figuring out some solutions for protecting honeybees
and solitary bees. By this, we will assure better pollination services and more plant
and crop production.

5.5 Honeybee and Pesticides

Several studies have highlighted the great impact of the application of chemical
pesticides on honey bees and other pollinators. Pesticides are a key factor behind
colony collapse disorder (CCD), directly and in tandem with two leading co-factors,
pathogens and shortage of natural resources. Most pesticides are intended to serve
as plant protection products (also known as crop protection products), which in
general, protect plants from weeds, fungi, or insects. Prominent insecticide families
include organochlorines, organophosphates, and carbamates. Potential exposure of
bees to pesticides can vary greatly depending on the type of pesticide, formulation,
application method, label restrictions, and other factors. Also, the exposure to the
pesticides might have a sublethal effect on honeybees and solitary bees as well, and
with long-term of exposure. This leads to the decline of bees and less pollination
services [109–119].

The intensive use of different pesticides and, in particular, a new class of neuro-
active insecticides, called neonicotinoid insecticides (NIs) play a significant role in
honey bee colony losses [120]. Neuro-active insecticides are extremely dangerous to
honeybees because they disturb the organism’s neurobehavioral and immune system
[121]. The mode of action of these compounds is to bind to the nicotine acetyl-
choline receptors (nAChRs), acting agonistically, causing paralysis and death. NIs
bind more strongly to nAChRs of invertebrates, making them more toxic at lower
doses than other compounds. The sub-lethal toxicity of NIs is of particular concern
because the most common field exposure scenarios are likely at the sublethal rather
than acute level. It includes behavioral disruptions such as disorientation, reduced
foraging, impaired memory and learning, and shifts in communication behaviors.
Other important sub-lethal effects might include compromised immunity, delayed
development and a host of indirect, potentially cascading effects that impact the
hive’s ability to sustain itself, leading to large-scale population extinctions in bee
populations.

Egypt, particularly the Nile Delta, is the most important honey and honey-
producing region in the Middle East and North Africa region with an estimated
1.3 million hives [122]. There have been reports in recent decades of great losses in
honey bee colonies for unspecified reasons [114]. However, there is increasing evi-
dence that the intensive use of pesticides, especially NIs is one of the most important
factors that have led to such recent losses. According to the statistics of the Agricul-
tural Pesticides Committee, Egypt consumed about 10,600 metric ton of pesticides
(active ingredient) during 2016 which represent 0.2% of the global consumption (5
millionmetric tons of a value of 52 billion dollars). A number of registered pesticides
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based on trade name recorded 1159 from about 264 common names at 2016 [123].
However, there is limited information upon the use of NIs in Egypt, concentrations
and frequency of detection indicates that use is similar to that of the US and European
farms [124].

6 Newly Approaches for Bee and Other Pollinators
Conservation

There are a lot of efforts from several scientists, conservationists, environmentalists
and others for protecting and conserving plant pollinators with a particular interest
with honey and solitary bees. Many current projects, programs and organizations
are working to conserve pollinating fauna worldwide. Some closely related projects
include the CBD (Convention on Biological Diversity), the IUCN (The World Con-
servation Union), the WWF (World Wildlife Fund), the FAO (Food and Agriculture
Organization), the NAPPC (The North American Pollinator Protection Campaign),
Status and Trends of European Pollinators (STEP), Integrated Crop Pollination (ICP,
USDA), USA and the CANPOLIN (Canadian Pollination Initiative).

Here we are summarizing some of our efforts for protecting the habitats of some
solitary bees present in Egypt. In the last decade, we noticed that several cavity-
nesting bees are in decline due to the natural habitat fragmentation, degradation
and destruction. Several artificial nesting materials (e.g. wood, paper straws and
polystyrene foam) were evaluated for nesting several bee species in the Canal region
as conservation efforts of wild bee fauna of Egypt to ensure better pollination ser-
vices of some cultivated crops. These nests were used as traps in the natural nest-
ing areas and established at the Bee Research Center of the Suez Canal University
(Fig. 3). Three bee species have been nested successfully in the artificial nests (cavity-
nesting bees). All of them belong to the familyMegachilidae includingChalicodoma
siculum (Rossi),Megachile minutissima (Radoszkowski, 1876) and Osmia latreillei
(Spinola). The three species were used for pollination of three major crops in Egypt
broad bean, alfalfa and sunflower [125, 126, 127, 128, 129, 130, 131, 91].

Last but not least, the global decline of bees is a real problem and will have a
great influence on our food security. Therefore, a political welling must be taken into
considerations for several governments and in particular in Egypt. Several efforts
must be taken into account such as enhancing the health of pollinators “honeybees
and solitary bees”, avoid extensive using of chemical pesticides which harm to polli-
nators, encourage local farmers for cultivating bee-friendly plants and improving the
nutrition of bees and protecting the natural nesting habitats of solitary bees. Fundrais-
ing should be subjected for solving several problems of honeybee health, a decline
of bee pollinators and the importance of the pollination services for our ecosystem.
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Fig. 3 a–d Artificial made nesting structures for Megachilid bees in Egypt; e, f Osmia latreillei
Spinola nesting in wooden nests and pollinate sunflower. Photographed by M. Shebl

7 Potential Mitigation Measures of Climate Change
Impacts on Pollinators

Many studies in the recent years have addressed the adverse impact of climate change
on crop pollination ecosystem services, especially the pollination process. How-
ever, little progress has been made in identifying and testing mitigation measures
for maintaining the native pollinator communities, protecting against declines and
enhancing their role in pollinating crops. Risk mitigation usually focused on honey
bees, while efforts for non-managed bees were negligible. Actions that maintain
or restore the diversity of pollinators are therefore critically important. One of the
most important measures to be taken into consideration to reduce the impact of cli-
mate change on pollinators is to follow the strategy of ecological intensification,
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or the improvement of crop yield through enhancement of biodiversity, which may
be a sustainable pathway toward greater food supplies. Ecological intensification
of agriculture represents a strategic alternative to improve these drivers of pollina-
tor decline while supporting sustainable food production, by promoting biodiversity
beneficial to agricultural production through management practices such as inter-
cropping, crop rotations, farm-level diversification and reduced agrochemical use.
Ecological intensification in arable fields has been demonstrated to enhance within-
field species richness and abundance of plants considered weeds, by decreasing the
use of inorganic fertilizers and herbicides [132, 133]. Suchmeasures can build highly
diverse pollinator community that is more resilient to climate change.

Therefore, it is important to enact policies and implement actions that provide
different floral resources, including agricultural, urban, pastoral, and plantation land-
scapes. Such plant diversity can support high diversity of pollinators under proper
management (e.g., [134–138]). Maintaining the diversity and abundance of floral
resources is a key factor in maintaining the diversity of pollinators [139]. For added
resilience to climate, specific attention should be paid to ensure that a phenological
sequence of plants by switching between crop species and varieties is established
that provide bloom along the activity season of insect pollinators [140, 141].

In this context, longer-term monitoring of multiple pressures of climate change
on pollinators and pollinator-dependent plants will help elucidate the mechanisms
underpinning observed shifts, and assessment of mitigation and adaptation options
for these impacts.

8 Conclusion

Pollinators play a key role in food security due to their substantial intrinsic value
by providing pollination services for agriculture ecosystems. Bees are considered
the most important pollinators. Managed honeybees and other wild bee species have
an enormous, unchallenged impact as plant pollinators, both for wild plants and
crops. The value of annual global food production relies on direct contributions
by pollinators is substantial, with estimates between 235 billion and 577 billion
dollars. Recently, there is growing concern about the decline in insect pollinators
across the world. Pollinator decline has become a worldwide issue as its potential
consequences to global food production. The decline in bees is caused by multiple
stresses, including habitat fragmentation and loss, exposure to pathogens, parasites
and pesticides, shortage of food sources, and the impacts of climate change. Climate
change considered the most relevant factor responsible for the decline of insect
pollinators. It is likely to affect the activity of insect pollinators, thereby influencing its
role in crop pollination. Climate change also is likely to alter the pollinator lifecycle,
distribution and their interaction with the prevalence of pests and diseases, affect the
bee-plant interaction, the mismatch between the flowering time and seasonal activity
of bees, lack of floral resources, biological invasion, habitat loss, degradation and
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fragmentation. Thus, the impact of climate change can often lead to increased risk
of extinction for bees and some native insect pollinators.

It is worth bearing in mind that the insect pollinators are closely linked to human
well-being through the maintenance of ecosystem, as well as immediate pollination
of wild plants, crop production and assure food security. Therefore, it is strongly
recommended to mitigate the potential adverse impacts of climate change on the
diversity and efficiency of insect pollinators especially, managed honeybees and
other solitary bee species. So that, it is necessary to urge conservationists, ecolo-
gists, environmentalists, researchers and policymakers to seriously figure out some
appropriate solutions for protecting plant pollinators and in particular bees.

9 Recommendations

In this context, the current study suggests several recommendations and new
approaches that can be taken out for protecting our native bees from the potential
risks of climate change that will be listed in the following points:

– Raising awareness on the adverse impacts of climate change on ecosystem services
and food security;

– Enhance the public appreciation of the importance of natural pollination by bees
as one of the most substantial ecosystem services;

– Increasing awareness of bee pollinator diversity and what need to survive and
richness;

– Fill the knowledge gaps in pollinator ecology, declines and intact management;
– Encourage public engagement in the protection and conservation of honeybees
and other wild pollinators;

– Conserving and restoring natural nesting habitats of solitary bees and enhancing
nesting materials and nesting sites by creating bee hotels (artificial nests) for the
propagation of the most promising solitary bees;

– Build on the latest scientific researches in increasing the tolerance of bees against
pests and diseases with special concern to the cutting edge approach to protecting
honeybees against Varroa mite;

– Encourage farm owners for cultivation bee-friendly plants and other crops with a
continuous succession of flowering;

– Promote the ecological intensification strategy such as intercropping, crop rota-
tions, farm-level diversification and reduced agrochemical use for promoting
biodiversity beneficial to agricultural production.
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Exploring Changes in the Agricultural
Calendar as a Response to Climate
Variability in Egypt

El-Sayed Ewis Omran

Abstract Adaptation to climate change should involve changes in agricultural man-
agement practices in response to changes in climate conditions. This chapter reviews
agricultural adaptation strategies inEgypt in cushioning the effects of climate change.
Widely known agricultural adaptation techniques utilized by farmers included the use
of drought-resistant crop varieties, crop diversification, changes in crop pattern and
planting schedule, soil moisture conservation via suitable tillage practices, improved
irrigation efficiency, and forestry and agro-forestry. Crop calendars include infor-
mation on the timing of periods of crop sowing, growing, and harvesting. A huge
number of literature take into consideration the techniques established by farmers
to deal with climate variability. However, there is no literature on how exactly the
agricultural calendar is presently moving. The current chapter is exploring observed
changes in the agricultural calendar as a response to climate variability in Egypt.
Land surface phenology (LSP) metrics were used as a proxy for crop calendars and
criteria like those of season start and end (SOS and EOS respectively) were applied
to classify the pixel-level growth period of active agricultural vegetation. Indeed,
this information is not crop-specific, and therefore it is still applicable to use crop
calendars from reliable sources which provide crop-specific phenological timing
like sowing, growing, and harvesting. It was observed that seasons have shifted and
shortened. For instance, in Egypt, the short dry season, which started in August,
has shifted to July. In conclusions, there is a shift in cropping areas in Egypt due
to gradual climate changes. The chapter has demonstrated the need for farmers to
adjust their agricultural calendar and switch to agricultural practices that make better
use of natural resources.
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1 Introduction

Climate change has now become a reality, and this is not possible to overestimate
its negative effect on agricultural production as well as other social and economic
endeavors, which cannot be under estimated. Warming triggered by emissions can
affect climate variability, and climate change would be among the most complicated
issues for future development, particularly in Africa [1]. Agriculture in Africa will
be negatively affected by climate change [2]. Climate variability has attracted great
attention, not only because of the unparalleled persistence of abnormally low pre-
cipitation but also because of the low power of social and economic systems to deal
with the hazards related to climate change [3]. Due to this low capacity, extreme cli-
mate variability, like those of drought, is sometimes followed by an environmental
decline the decimation of livestock herds, widespread food scarcity, mass migration
and huge losses of human life [4].

On the one hand, agriculture is the cornerstone on which the ancient Egyptian
civilization was established thousands of years ago and represents a significant his-
torical value, which is part of today’s Egyptian culture. There is also a significant
economic value for agriculture as its added value is 14.5% of total Egyptian GDP
in 2013 with 29% of the labor working in the sector in 2011 [5]. El-Nahrawy [6]
reported that agriculture offers a livelihood for around 55% of Egyptians and con-
tributes to about 20% of all foreign exchange earnings. Agriculture has the highest
share of water use among all sectors with 81.1% of the total water use [6]. On the
other hand, agriculture is the most vulnerable sector to climate change, which affects
the two most essential direct agricultural production input; precipitation and temper-
ature [7]. It is predicted that long-term changes in rainfall patterns and temperature
shifts would have harmful effects on agriculture [8].

Climate change often impacts agricultural production indirectly by affecting the
development and distribution of crop pests and animal diseases, increasing the rate
and dissemination of harmful diseases, weather conditions, reducing water supplies
and irrigation; and enhancing the severity of soil erosion [9, 10]. Such climatic
hazards became the driving forces, which challenge many farmers’ livelihoods. The
rural population, whose primary source of food, direct and/or indirect employment
and income is agriculture, will be most influenced because of the susceptibility of
agriculture to climate change.

Adaptation to climate change refers to modification in natural or human systems
in response to actual or predictable climatic stimuli [9, 11]. It enables farmers to
produce their food, income, and livelihood protection goals in light of climate and
socio-economic change [12]. Common methods of adaptation in agriculture involve
new crop varieties and animal species that are suitable to drier situations, irrigation,
divarication of crops, implementation of mixed crop and livestock farming systems,
and changes in the dates of agricultural activity [13, 14]. Some of thesemethods (e.g.,
changes in agricultural activity dates) undertaken in response to short-term climate
variability are classified as coping responses. Several factors and critical information
are considered amongst them crop calendars [15]. The chronological sequence of
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the occurrence of different phenological stages of a crop in its growth cycle defines
the so-called crop calendar [16]. Crop calendars include information on the timing
of periods of crop sowing, growing, and harvesting. Different information sources
on crop calendars (i.e. [17–19]) were employed. These calendars normally list the
timing of land-level planting and harvesting of the major crop types.

The great influence of decision-making and innovations on crop production
presents a major challenge in the historical past to detect, attribute and understand
the impacts of climate change on crop patterns. For example, the potential contri-
bution of climate change over the past decades to increase the crop area has long
been observed and proposed by several research exploring agro-climatic indices
(e.g., growing-season graduation days with a certain base temperature), but very few
studies have confirmed this hypothesis. A huge number of studies take into consid-
eration the techniques established by farmers to deal with climate variability [13,
14] have reported changes in sowing dates. However, there is no literature on how
exactly the agricultural calendar is presently moving. While it is recognized that
seasons and even agro-ecological zones are changing because of climate change,
there is no research focusing on how farmers are adapting their whole agricultural
calendar in the face of climate change. Thus, this chapter aims at exploring observed
changes in the agricultural calendar as a response to climate variability in Egypt. It
also attempts to highlight the factors affecting the farmers’ decision to adjust their
agricultural calendar as a coping mechanism against climate variability.

2 Climate Change and Sustainable Agriculture

Agriculture is a part of the problem and a part of the solution to climate change as
well. On the one hand, climate change has created challenges for the agricultural
sector—and will continue to do so.

Climate change induced temperature increases, variations in rainfall, and the fre-
quency and intensity of extremeweather events add to pressures onglobal agricultural
and food systems. In most regions, climate change is expected to have a negative
impact on both crop and livestock production systems, although some countries may
actually benefit fromchanging conditions. The changing climate also adds to resource
issues such as water scarcity, pollution, and degradation of soil. Also, the effects of
agriculture on the environment may change as the climate changes. In the future,
climatic extremes such as droughts, heat waves, and excess moisture are expected to
increase in frequency.

On the other hand, agriculture not only contributes to climate change and is
affected by it; it also forms part of the solution. Climate change can be mitigated by
sustainable agriculture. However, sustainability is a concept that is relatively easy to
understand but difficult to define in practice. We need to start transforming the way
we adapt to such changes in order to manage intensifying climate impacts. Measures
for adaptation could include the choice and change of species and varieties, the
adaptation of the field works to the calendar (more flexibility), the adaptation of
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plant production practices (i.e. fertilization, plant protection, irrigation, etc.) or the
adoption of plant production practices that increase the soil organic matter content
or the soil coverage by plants, manure management and agroforestry practices.

The international community has approved five principles of sustainable food
and agriculture in order to achieve the 2030 agenda, which provide a framework for
policy discussion and the development of adequate policies, strategies, regulations,
and opportunities. FAO [20] identified these principles as:

Improving efficiency in the use of resources is crucial to sustainable agriculture; Sustainabil-
ity requires direct action to conserve, protect and enhance natural resources; Agriculture that
fails to protect and improve rural livelihoods, equity, and social well-being is unsustainable;
Enhanced resilience of people, communities, and ecosystems is key to sustainable agri-
culture; and Sustainable food and agriculture require responsible and effective governance
mechanisms.

Climate change and its impacts are well identified as posing a significant threat to
achieving sustainable development goals. Climate change in the Arab region could
undermine past success and prospects, although less than 5% of the region con-
tributes to global greenhouse gas emissions [21]. The Sustainable Development Goal
(SDG13) advises countries to accept effective action to combat climate change and
its effects, enabling new and improved statisticalmeasures on resilience, adaptability,
and mobilization of resources.

3 The Climate (Temperature and Precipitation) Variability
of Egypt, Is There Any Change?

Egypt is one of the developing countries, which are vulnerable to climate impacts
over different vital sectors such as agriculture, water resources and health. Egypt
(Lat. 22° N, 33° N, Lon. 24° E 37° E), bounded by Med. Sea at the north, Red Sea
to the east, Sudan and Libya to south and west respectively.

Egypt has been divided into four climate-based affective management zones
in combination with physiography, natural resources, agriculture and other socio-
economic factors (Fig. 1).

GRiSP [18] investigates the distinction between the two periods (1951–2016) and
(1901–1950) to assess if the temperature (TN and TX) or precipitation changes take
place. It is evident that there is a positive rise in TX across all Egypt, especially in
Lower Egypt about 0.6 °C and 0.4 °C respectively in winter and summer, which is
due to the growth in urbanization in northern Egypt than in southern Egypt. For TN,
the winter difference in the Greater Cairo and its surroundings ranges from 0.85 °C to
about 0.5 in southern Egypt, but in the summer, the significant difference in southern
Egypt was about 0.7 °C and 0.45 °C in the north. For rainfall, there is no significant
difference except a relatively increase at the northern coast of Egypt.

There has been a general warming over Egypt for the current climate since 1951
with higherwarming inwinter than in summer, and this seems to bemore TN than TX
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Legend
The North Coastal zone

The Nile Valley zone

The Western Desert zone

The Inland Sinai and the Eastern Desert zone

Fig. 1 Adaptive management zones in Egypt [22]

and is distinct from northern parts of Egypt to the south. All models have projected
a TX and TN increase to 3 °C with a higher increase in summer than winter.

There is a significant decline over Egypt for the percentage of cold days and nights
under the set of predicted models in the near future, while the percentage of warm
days and nights for the same period is significantly increased.

It was observed that seasons have shifted and shortened. For instance, in Egypt,
the short dry season, which started in August, has shifted to July. Egypt is expected
to experience precipitation declines primarily, with a strong agreement between the
ensembles. Smaller southeast changes are projected.

Changes in temperature and precipitation in Egypt were estimated using General
Circulation Model (GCM). This model is a coupled gas-cycle/climate model that
drives a spatial climate change scenario generator. GCM estimates of temperature
and precipitation changes in Egypt (Table 1).
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Table 1 General Circulation Model estimates of temperature and precipitation changes in Egypt
[23]

Year Temperature change (°C) mean
(standard deviation)

Precipitation change (%) mean (standard
deviation)

Annual DJFa JJAb Annual DJF JJA

2030 1.0 (0.15) 0.8 (0.21) 1.1 (0.18) −5.2 (7.93) −8.9 (3.01) 10.7 (26.35)

2050 1.4 (0.22) 1.2 (0.30) 1.7 (0.26) −7.6 (11.46) −12.8 (4.35) 15.4 (38.07)

2100 2.4 (0.38) 2.1 (0.52) 2.9 (0.45) −13.2 (19.95) −22.3 (7.58) 26.9 (66.28)

aDJF is December, January, and February
bJJA is June, July, and August

4 Crop Weather Calendar and Crop Activity Calendar

In a particular moment, the demand for human activity in agriculture relies first and
primarily on the growing season, the type of crop and its stage of development.
In other contexts, the timing of the growing season relies on the temperature and/or
availability of water. Even if the distribution of temperature and soil moisture permits
those crops to grow, situations may not be suitable for all crops or varieties of crops.
If an existing day length and temperature regime suit one cultivar of a crop species,
not all cultivars of that specific cropmaymature within the available growing season.
Therefore, just a small number of crops or varieties of crops are appropriate for a
specific environment in many other cases. The demand for human activity often
depends on the time preparing the land, an activity, which is closely connected to the
soil’s physical condition.

ACropWeather Calendar (CWC) contains the typical life history of the crop, from
sowing through vegetative growth, flowering, and grain growth to a period of matu-
rity. These CWCs include information on crop growth stages, normal crop growth
weather, alerts to be provided depending on predominant weather conditions, crop
water requirements throughout their distinct phytophases, favorable meteorological
situations for crop pest and disease development. These calendars are beneficial for
crop planning, irrigation management and plant protection measures that are essen-
tial for appropriate crop planning and for optimizing and strengthening the country’s
food production. In a broader context, the descriptive information presented in these
calendars provides wide evidence of the direction of development that can be helpful
to planners, agricultural managers, plant breeders and farmers in constructing politi-
cal issues attributed to plant breeding, crop adaptation, drought testing, supplemental
irrigation, maximizing the yield, etc.

The farmer must complete a couple of field operations throughout the growing
period of a crop in order to build or preserve the most optimal conditions for growing
crops.Among these is the reduction of competition byunwanted plants (bydestroying
them), optimizing the availability of nutrients and water (by fertilizer application,
drainage, and irrigation), and protection of the crop (by pest and disease control).
Harvesting is needed at the maturity of the crop. There may also be some on-farm
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processing, and the products will be placed or marketed. Most of these operations
should be practiced in a specific order and a short period each of them. Therefore
a crop activity calendar can be constructed, indicating the most favorable timing of
the various activities and the type of operations required.

The rate of progress of planting influences the degree of the area planted in a
particular time interval and therefore describes the variations in the cropped area
from year to year in part. While attempts to demonstrate the global planting date
by climate have been made [24, 25], the large errors between the estimated and
reported planting dates reconfirm the fact that climate is an important, but not the
sole determinant of planting date [26]. The timing and number of plantings (and thus
harvesting) in a year relies significantly on both economic and climatic conditions
(i.e., availability of labor and fresh water and seasonal rainfall patterns) [27].

The delay of some operations (seedbed preparation, planting, harvesting, etc.)
could lead to cropping failure and decreased the number of harvests [28]. The timing
of operations, including planting and harvesting, is affected by that of the previous
operation in a work calendar [27] and needs to fulfill the field workability when
heavy machines are used.

5 Data, Geographical Domain, and Satellite-Derived
Phenology

The crop calendars for setting the dates for planting and harvesting specific crops
were acquired from three sources: (1) the United Nations Food and Agriculture
Organization [17]; (2) the United States Department of Agriculture [19]; and, (3) the
International Rice Research Institute [18]. The FAO crop calendar includes several
countries all over the world, with an emphasis on developing nations, especially in
Africa [26]. This database comprises the seeding and harvesting range for each of
the FAO, IRRI and USDA crop calendars. In the last column, named “Land Surface
Phenology” are presented the crop seasons derived from LSP and matched with a
crop type from the calendars. The empty space in this column indicates no match
with the corresponding crop type.

The use of satellite data with high temporal resolution has emerged as an effective
tool for examining crop phenology [29]. Remote sensors include a frequent, reliable
and consistent vegetation responsemeasurement at different crop growth stages [16].
Land Surface Phenology (LSP) refers to the spatiotemporal development of the veg-
etated land surface as confirmed by satellite sensors. Usually, LSP metrics describe
[30]: (i) time of onset of greening, (ii) time of onset of senescence, (iii) timing of the
maximum development during the growing season, and (iv) growing season length.

Since the ASAP immediate warning classification system provides warnings
linked to all crop types which are in the growing phase at the time of analysis in
a given spatial unit, it is essential to include analysts with more detailed information
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about the specific crop types that are likely to occur. Using moderate to coarse time-
series vegetation index such as MODIS NDVI, it is possible to predict phenological
timing like those of start of season (SOS) and end of season (EOS) per pixel and for
all vegetation areas [31]. Whitcraft et al. [32] utilizing MODIS surface reflectance
imagery, the timing of the agricultural season for all major crops within a given geo-
graphical area has been derived, delivering the earliest crop cycle SOS and the latest
crop cycle EOS.

Land surface phenology used in theAnomaly hot Spots ofAgricultural Production
(ASAP) system is defined by the satellite-derived phenology computed on the long-
term average of 10-day MODIS NDVI data produced by land surface phenology
process is determined by satellite-derived phenology calculated on the long-term
average of 10-day MODIS NDVI data generated by BOKU University [33] starting
from to MOD13A2 and MYD13A2 V006 16-day Global data at 1 km resolution.
Phenologywas extracted and applied to the historical average of the smoothedNDVI.

From the phenological analysis, the following key parameters are retrieved for
each land pixel [34]: number of growing season per year (i.e. one or two); start
of season (SOS, occurring at the time at which NDVI grows above the 25% the
ascending amplitude of the seasonal profile); time ofmaximumNDVI (TOM); start of
senescenceperiod (SEN,whenNDVIdrops below75%of the descending amplitude);
and end of the season (EOS,whenNDVI drops below 35%). Phenology of the surface
(Table 2) used in the system is defined by the satellite-derived phenology computed
on the long-term average of 10-day MODIS NDVI data [33]. The data set of crop
calendars was consistent with terrestrial surface phenology originating from remote
sensing.

The following data (expressed in dekads) were obtained after the processing of
the initial data, namely digitization for crop calendars and cluster extraction from
LSP: (i) the range for sowing and harvesting period for major food crops from the
calendars, and (ii) the range for SOS and EOS for each identified cluster.

Utilizing moderate to coarse time-series vegetation index like MODIS NDVI, it
is possible to estimate phenological timing including start of season (SOS) and end
of season (EOS) per pixel and for all vegetation areas.

Wehave information on standard seeding and harvesting periods in crop calendars.
Five crops in the FAO crop calendar were acknowledged that could suit the measured
cluster (Table 2). Three of them have the same seasonal characteristics (i.e., millet,
maize, and rice), meaning sowing between 11 and 12 dekad and harvesting between
23 and 29 dekad.

Agricultural statistics were particularly vital at this stage of the analysis, as the
knowledge of the area harvested, as well as the quantity produced for each crop, was
used to verify the presence of a crop type. FAOSTAT data, confirm that these crop
types are present.

Two main growing seasons for Egypt are identified in LSP with this information
at hand (Table 2). The growing seasons in LSP have been compared with the FAO
calendar and assessed in line with the timing of the growing season of five FAO crops
(Table 2).
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Fig. 2 zNDVI, and zNDVIc for crop in 10 most affected regions in Egypt at April 2019 [34]

Figures 2 and 3 shows the zNDVI, and zNDVIc, zWSI, SPI3, and SPI3 for the
crop in 10 most affected regions in Egypt in April 2019.

In the crop weather calendar for the wheat crop, during the anthesis and grain fill-
ing stage of wheat (February–March months), the maximum temperature should be
within 17–25 °C and minimum temperature within 4–9 °C. However, if the temper-
ature rises by 3–4 °C from the maximum temperature limit for more than 4–5 days
in a week, then if no remedial measures are taken, the productivity of the wheat
crop is adversely affected. Therefore, the agrometeorologist may immediately give
an advisory to farmers for applying additional irrigation to offset the negative effect
of a heat wave in wheat crop.

Figure 4 shows the start and end of the first and second season in Egypt.
Finally, the following ASAP—adapted calendar (Fig. 5) is provided, introducing

crops described in the FAO crop calendar which fits with LSP. In the legend of the
calendar, the growth stages addressed, planting and harvesting, are correlated with
SOS and EOS, respectively. Similar to the FAO crop calendars, the residual interval
period was labeled as “growth.” It is stated that the real growth period may extend
to any sowing dekad from any planting.

Early warning system (Anomaly hot Spot of Agricultural Production, ASAP)
offers timely warnings of agricultural production deficits in Egypt at high risk of
food insecurity.

Since the automatic warning classification system produces warnings for all crop
types, which are in the growing phase in a provided spatial unit at the time of
assessment, more specific information is useful (Fig. 6).
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Fig. 3 zWSI, SPI3, and SPI3 for crop in 10 most affected regions in Egypt at April 2019 [34]
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Fig. 4 Start and end of the first and second season in Egypt [34]

Fig. 5 Selection of FAO crop calendars matching with ASAP phenology in Egypt [34]

6 Management and Adjusting of the Agricultural Calendar
as a Coping Mechanism to Climate Variability

Climate change is the goal number 13 in the 2030 agenda for sustainable development
adopted by the United Nations, which addresses the target action to combat climate
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Fig. 6 Warnings for the crop in Egypt in April 2019 [35]

change and its impact to improve the lives of people around the globe (www.un.org/
sustainabledevelopment/climate-change-2/).

In order to deal with the effects of climate change on agricultural fields, new
technologies and innovations have been examined and confirmed via agricultural
research projects that contribute to efforts to mitigate climate change and allow
farmers and policymakers to establish their strategies and actions to tackle climate
change effects.

To eliminate the adverse effects of climate change, farmers should be able to adopt
different strategies to climate change. Farmers are suggesting particular adaptation
options. Even though the majority of them have started to adapt themselves by cul-
tivating short duration heat tolerant crops like pulses maize millets, vegetables, and
floriculture crops especially Jasmine, as they understood from their farming experi-
ence that these crops could withstand heat and water stress as an adaptation response
to the climate variability.

Farmers understood climate change via changes in their farming practices. Agri-
cultural calendar interruption is evidence of climate variability and change. Farmers
stated that existing rain starting and stopping times do not interfere with the time in
their prior agricultural calendar. They are therefore confused regarding regularizing
their crop calendar and evaluating the most suitable crops to grow. Some specific
months and dates over the years are regarded to be key climate reference indicators.
As soon as a change takes place in these times, it is combined by farmers as evidence
of climate change. The intensity of the sun (sunshine) and the power of winds have
changed. Before, the winds were less intense, but now, strong wind, which precedes
the rain, chases out the stormy clouds.

Farmers change land preparation, and sowing dates primarily in terms of agricul-
tural calendar adjustment. Because of all the existing operations rely on the sowing
date, the dates of other activities were also shifted forward or backward with regard
to the prior calendar. Because of uncertainties linked to climate variability, farmers
have to start land preparation activities earlier to be ready in case the onset of the

http://www.un.org/sustainabledevelopment/climate-change-2/
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rainy season occurs earlier. The study was based on agricultural activities conducted
out with local experts (agricultural extension officers and local leaders) to examine
the detected changes in the agricultural calendar as a response to climate variabil-
ity. These activities are land preparation, sowing (including double sowing in some
cases), weeding, fertilizing, and harvesting. Land preparation generally took place
at the beginning of the rainy season, with well-loosened ridges or furrows 15–30 cm
deep, which ensure that maize plants are sufficiently exposed to light in order to
obtain higher yields.

In some regions of Egypt, the warmer climate in spring enables farmers to plant
the first crop (winter barley) earlier than ever before, allowing farmers to grow the
second crop for the remaining portion of the growing season in order to increase
income.

Adjustment in crop sequence and planting schedule: climate change negatively
affects crop production across long-term rainfall changes resulting in changes in the
cropping pattern and operating schedule. The first steps against a global assessment
would involve the development of detailed work calendar information for various
crops grownon a farm, allowing an improvedunderstandingof the pattern of activities
and weather-related workability in specific areas.

7 Innovations and Technologies for Climate Change
Adaptation Measures

In addition to traditional and native knowledge, utilizing emerging technologies and
innovations evaluated and validated by agricultural research projects will contribute
to attempts to deal with climate change and allow both farmers and policymakers to
face climate change problems.

Management of water resources: Water is one of climate change’s most influenced
natural resources. Choices under water shortages to enhance water management
in Egypt involve; efforts to increase irrigation efficiency; enhancing saving water
techniques and water harvesting—among others, to conserve the already limited
water resources under different climate change scenarios. Water harvesting can also
be enhanced through the application of satellite remote sensing.
Crop simulation models: Models of crop simulation can estimate many key crop
characteristics across a wide variety of climatic conditions, like flowering timing and
physiological maturity, by correctly defining phonological responses to temperature
and daytime. Also, yield accumulation should be anticipated by predicting appropri-
ately the development and loss of the leaf area and therefore the ability of a crop to
intercept radiation, accumulate biomass and split it into harvestable parts including
grain. Crop water use is also needed to be precisely predicted by correctly predicting
evapotranspiration and the extraction of soil water by plant root [36].
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8 Challenges Still Facing Climate Change Governance
in Egypt

The influence andmitigation of climate change is not only a political decision but also
involves academic research to examine the phenomena, assist in drawing a clearer
picture and proposing creative scientific solutions. As climate change becoming a
serious man-made an environmental challenge with its severe impact on livelihood,
the role of science and innovations and technologies became even more critical
than ever. Egypt vision 2030 stated, “Knowledge, innovation, and scientific research
contribute in achieving the goals of sustainable development in general, whether
national or international, where the increase in the contribution of a large number
of economic sectors in economic activity can be achieved by connecting scientific
research outputs and innovation by the needs of these sectors”.

A cross-cutting issue like climate change can not be controlled by a single depart-
ment of government or ministry. Assessing the effects of climate change and incor-
porating adaptation and remediation measures efficiently must include practically
every sector of government with its administrative system that holds climate change
in its strategies and development policies and plans. All Egypt’s economic sectors are
linked in one way or another with climate change because they emit greenhouse gas
(GHG) emissions or are themselves impacted by climate change. The most impor-
tant restriction for useful environmental policy-making and development in Egypt is
the lack of reliable and timely information which suggests how specific sectors of
society affect the environment and whether or not advancement is becoming more
sustainable. Various constraints related to the processes of environmental informa-
tion collection, production and dissemination are evident in Egypt. These include
uncoordinated institutional set-ups for monitoring activities, the lack of an important
information system for controlling organizations to feed data and findings, the lack of
comprehensive systematic monitoring methodologies, the lack of valuation and/or
undervaluation of several natural resources, and the lack of financial resources to
preserve monitoring processes.

9 Satellite Images, GIS, Mathematical Models in Studying
Climate Change in 2030

Satellite images, GIS, mathematical models, and scenarios have been used in study-
ing the impacts of climate change on agriculture and natural resources in Egypt.
Egypt’s National Strategy used simulation models in a study for Adaptation to Cli-
mate Change and Disaster Risk Reduction (2011) on different agricultural areas over
25–40 years to predict the statues of the major crops in Egypt and their water use
under different climate change scenarios.

Under climate change in 2030 and because of the rise in air temperature, it is
expected that planting date will be earlier by 5–7 days. Morsy [37] visualized the
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impact of early planting under climate change for wheat and maize in 2030 and
figured that early planting of both crops resulted in yield losses being reduced. Also,
seasonal length of the cultivated crops is supposed to be decreased caused by climate
change. Khalil et al. [38] reported that wheat season length was reduced by 5 days in
2030, as a result of acceleration in its growing season. Similar results were obtained
by Ouda et al. [39] for maize under climate change in 2030. Table 3 presented the
projected planting and harvest dates as well as its season length for some field, fruit,
and vegetable crops planted in Egypt. It should be noted that it was believed that
the planting date for the fruit crops observed was 5 days earlier. An assumption was
made that sowing date for these crops in 2030 was 5 days earlier than its sowing date
in 2016. Furthermore, the length of the growing season for the selected vegetable
crops in 2030 is expected to be 3–5 days shorter.

Climate change studies [40, 41], predicted a reduction in the productivity of
two major crops in Egypt—wheat and maize—by 15% and 19% respectively by
2050. Losses in crop productivity are mainly attributed to the projected tempera-
ture increase, crop-water stress, pests, and disease, as well as the inundation and
salinization.

The results concluded that the productivity of wheat would fall by 9% if the
temperature rises by 2 °C. This crop’s water consumption will increase by 6.2%
compared to the current weather conditions. A 4 °C rise will increase the deficit to
18%. Crop productivity of Maize will fall by 19% by the middle of this century if
temperature increases by 3.5 °C, in comparison with the situation under the current
weather conditions. Accordingly, water consumption will rise by 8%. Productivity
will fall by 11% in comparison with the situation under the current weather condi-
tions. The consumption of water will increase by 16%. If the temperature increases
by 2 °C, the productivity of tomatoes will fall by 14%. Water consumption of the
crop will increase by 4.2–5.7% in comparison with the situation under the current
weather conditions. The drop in productivity will reach 51% if the temperature rises
by 3.5 °C. The outcomes of climate change studies indicate a 24.5% decreases in
productivity and a 2.3% increases in water consumption in the production of sugar
cane. The crop return will drop by 25.6% per unit of water. However, climate change
will have a positive impact on the productivity of cotton. Production will rise by 17%
if the temperature rises by 2 °C. On the one hand, the water consumption of this crop
will increase by 4.1–5.2% in comparison with the situation under the current weather
conditions. If the temperature rises by 4 °C, production will increase by 31%. On the
other hand, under the current weather conditions, water consumption will increase
by 10% compared to the situation.
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Table 3 The projected
planting and harvest dates for
the selected field, fruits, and
vegetable crops in 2030 [37]

Crop Planting date Harvest date Season length
(days)

Fruits crops

Apple 10-Feb 9-Feb 365

Citrus 10-Feb 9-Feb 365

Date 10-Feb 9-Feb 365

Grape 10-Feb 9-Feb 365

Olive 10-Feb 9-Feb 365

Stone fruit 10-Feb 9-Feb 365

Field crops

Barley 10-Nov 23-Mar 134

Bean (faba) 20-Oct 18-Apr 150

Clover 10-Oct 23-Mar 165

Cotton 10-Mar 5-Aug 149

Flax 10-Nov 5-Apr 147

Lentil 20-Oct 18-Mar 150

Maize 10-Mar 20-Aug 103

Rice 10-May 7-Sep 121

Sorghum 10-May 20-Aug 103

Soybean 10-May 16-Aug 99

Sugarbeet 10-Oct 5-Apr 178

Sugarcane 15-Feb 14-Feb 365

Sunflower 10-May 7-Aug 90

Wheat 10-Nov 9-Apr 151

Vegetable crops

Cucumber 10-Mar 7-Jun 90

Eggplant 25-Mar 29-Jul 127

Onion 10-Nov 7-Apr 149

Peas 28-Aug 23-Nov 88

Pepper 28-Mar 3-Aug 129

Potato
(winter)

28-Oct 26-Jan 91

Potato
(summer)

28-Jul 23-Nov 119

Squash 10-Mar 8-Jun 91

Strawberry 28-Aug 5-May 251

Sweet potato 28-Sep 25-Feb 151

Tomato
(winter)

28-Apr 23-Aug 118

Tomato
(summer)

28-Sep 23-Feb 149

Watermelon 10-Feb 23-May 103
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10 Impact of Climate Change on Field Crops’ Production
and Net Value

The increase in temperature is predicted to influence the agricultural land area in the
governorates of the Nile Delta. Due to their insufficient access to fresh water, remote
and marginal land areas could be spoiled [42]. Nevertheless, the potential area to be
lost due to the temperature increase is not quantified in this chapter.

Temperature increase would affect field crops’ production in the Nile Delta gov-
ernorates. Table 4 shows that the temperature increase would decrease the total field
crops’ production in Egypt by 4.4% compared to 2015. Depending on their cropping
pattern, however, the impact on the governorates is expected to differ. For example,
pulses should be most affected by a 9% decrease in total production in Egypt. The
production of pulses is concentrated in Alexandria, Damietta and Kafr El-Sheikh
where it covers 2.1%, 1.9%, and 1.2% of their total field crops’ area respectively,
followed by vegetables’ production that would suffer from a reduction of 7.2%.
The impact on vegetable-growing governorates is predicted to be higher, however,
as vegetables cover larger agricultural areas in Alexandria, Ismailia, and Beheira,
amounting about 43%, 35% and 22% respectively. In contrast, the production of
cotton is to increase by about 9% of total cotton production in Egypt (based on 2015
data). This increase is to mainly benefit Kafr El-Sheikh, and Beheira governorates
as cotton cover 7.1% and 3.5% of their respective agricultural land areas.

Also, the production of strategic field crops will suffer as the production of cereals
will decrease by 5%, the production of sugar crops by 0.3% and the production of
oil crops by around 1.1% of their total production in Egypt based on data from 2015.
Wheat, sugar crops and oil crops are labeled strategic crops for the Egyptian govern-
ment. These crops are essential for the diet and clover of the Egyptian populations

Table 4 Impact of
temperature increase on
agriculture in the Nile Delta
governorates in 2030

Field crops’ group P, % N, % W, %

Cereals 5.00 4.29 2.02

Sugar crops 0.33 0.30 0.56

Oil crops 1.08 1.07 0.89

Pulses 9.01 3.95 1.57

Vegetables 7.19 6.01 1.42

Clover (berseem) 5.13 6.93 2.53

Medicinal crops 0.21 4.66 0.29

Cotton (+8.75) (+10.59) 2.32

% Reduction of total Egypt 4.39 4.95 1.75

P = % reduction/increase of field crops production of total field
crops production in Egypt in 2015. N = % reduction/increase of
field crops net value of total field crops net value in Egypt in 2015.
W = % increase of field crops water requirement of total water
requirement in Egypt in 2015
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for livestock breeding (meat production) [43]. This is to affect almost all the Nile
Delta governorates; however, Daqahlia, Sharkia, and Qalyubia governorates are to
be affected the most as about 70% of their agricultural land is covered with strategic
crops.

This decrease in production percentage relies on the accessibility of the necessary
water requirements, as the increase in temperature would increase water require-
ments per field crop per feddan. Water scarcity would, therefore, exacerbate the
yield deficiency of the field crops. The cultivation of field crops’ in the Nile Delta
governorates in 2030, would increase the field crops’ water requirements by about
2% of the total field crops water requirements in Egypt based on 2015 data that are
equivalent to about 0.7 billion m3.

The net value of total field crops in the governorates of the Nile Delta is projected
by about 5% of the net value of total field crops in Egypt based on information from
2015. The net value of clover is to be influenced with such a decrease of roughly
7%, followed by vegetables with a net decrease of 6%, and medicinal crops with
a decrease of approximately 5%, while the net value of cotton is to increase by
approximately 11% of the total net value of cotton in Egypt based on 2015 data.
The governorates to be affected the most due to these reductions are: Damietta and
Menufia as about 50% and 40% of their field crops’ net value respectively comes
from clover. Alexandria and Ismailia as about 70% and 65% of their total field crops’
net value comes fromvegetables. Daqahlia and Sharkia as their net value from cereals
is about 50% and 40% respectively. Based on the average yield per field crop per
feddan per governorate the farm level income would differ from one governorate to
the other, which would consequently affect the livelihood of farmers.

11 Overall Discussion

Agricultural history discards a series of adaptations by farmers to a wide range
of climatic, social and agronomic factors. They have been able to establish their
livelihood techniques in a manner that allows them to continuously deal with climate
variability, dangerous pest attacks and changing local, national and global policies
[44].

The dates of adjustments in agricultural operations, in general, and especially the
seeding date, are reported widely in the literature on adaptation to climate change
[13, 14]. The entire agricultural calendar is adapted when the sowing date has been
changed. As a response to climate variability, the detected changes in the agricultural
calendar display that the cropping season is getting longer because farmers have to
start the land preparation activities earlier while the onset of the rainy season might
occur later than usual.

In Sub-Saharan West Africa in general, farmers indeed tend to sow maize after
the first main rainfall (>20 mm) occurring at the start of the rainy season [45]. Farm-
ers tend to face dry spells after the first sowing due to the high climate variability.
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They performa second sowing to cope with this lack of rain. As a result, the crop-
ping season’s length is longer than normal, posing the question of time-inefficiency.
At present, adjustments to the agricultural calendar do not seem consistent across
locations.

12 Conclusions

Climate change is the goal number 13 in the 2030 agenda for sustainable develop-
ment adopted by the United Nations, which addresses the target action to combat
climate. Climate and weather have different influences on crop area, intensity, and
yield. These influences are modified by farmer decision-making and innovations.
Farmers are developing coping strategies, such as adjusting some of their farming
practices, given climate variability. Enhancing our understanding of climate impact
andmanagement contributions to crop area and intensity as well as yield is crucial for
lowering uncertainty regarding long term effects of climate change on agricultural
production and creating more targeted responses to climate adaptation.

Crop calendars are a core component of monitoring systems for agricultural pro-
duction as they help experts focus on the seasons when different crop types grow in
the field. Land surface phenology (LSP) metrics have been used as a proxy for crop
calendars and apply criteria such as the start and end of the season (SOS and EOS
respectively) to identify the period of pixel-level growth of active agricultural vege-
tation. This information, indeed, is not crop-specific and so it remains relevant to use
crop calendars from independent sources which provide crop-specific phenological
timing like those of sowing, growing, and harvesting. Under climate change in 2030
and because of the rise in air temperature, it is expected that planting date will be
earlier by 5–7 days. Climate change studies predicted a reduction in the productivity
of two major crops in Egypt—wheat and maize—by 15% and 19% respectively by
2050.

13 Recommendations

In future research, interactions between technology, decision-making, and climatic
influences are necessary to help climate adaptation and enhance food security. The
goal is to enhance our understanding of technology interactions, farmer decision-
making and climatic impacts on crop area, intensity, and yield. While the capacity
for climate adaptation has been evaluated using cropmodels, there is limited technol-
ogy considered in these evaluations. These analyses tell us about the upper limit of
the potential for adaptation without limiting access to technology. The real relation-
ships between technology, farmer decision-making and climate impacts are, however,
complex.
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We know little, as this chapter shows, about howweather and climate, mediated by
farmer decision-making and available technology, influence crop area, and intensity,
especially on a global level.

More research needs to be done to enhance our understanding of: (1) the impacts of
relatively less studied extremeweather events on crop area, intensity, and production;
(2) climate influences on crop production by changing the work schedule and the
workability of the field; and (3) responses of farmers to climate shocks under different
economic conditions and different technology access. To develop more climate-
resilient crop production systems, a global analysis of these issues is crucial.

We are now taking into consideration certain specific gaps in knowledge, which
need to be addressed in order to deepen our understanding of climate impacts on
crop production.

In view of global climate change, food trade globalization and the growing impor-
tance of food imports to maintain national food balance in many countries, we claim
that addressing these knowledge gaps globally is crucial.
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Projected Crop Coefficients Under
Climate Change in Egypt

Samiha Ouda

Abstract The objective of this chapter was to quantify how climate change will
affect the value of Kc for several important crops in Egypt. One way to do so is to
develop a procedure to accurately estimate Kc values for 14 field crops, 7 fruit crops
and 13 vegetable crops in the five agro-climatic zones of Egypt in 2030. Monthly
values of evapotranspiration (ETo) in 2016 were calculated using Penman-Monteith
equation (P-M) and Hargreaves-Samani equation (H-S). Then, the monthly ETo(H-
S) values were regressed on monthly ETo(P-M) values, and prediction equations
were developed for each agro-climatic zone of Egypt. These equations were used
to project ETo values under climate change in 2030 using RCP6.0 climate change
scenario resulted from MIROC5 climate change model. These values of ETo were
used to run BISm model and to calculate Kc values for the studied crops, the date of
each Kc growth stage and its water consumptive use in 2030. Comparison between
Kc values in 2016 and 2030 for field and vegetable crops revealed that the values of
Kcini were higher in 2016, compared to its counterpart values in 2030. The values of
Kcmid and Kcend were similar or lower in 2016, compared to its counterpart values
in 2030. Whereas, there was no change in the values of Kc for fruit crops between
2016 and 2030.

Keywords Penman-Monteith equation · Hargreaves-Samani equation (H-S) ·
MIROC5 climate change model · RCP6.0 climate change scenario

1 Introduction

The relationships between climate, crop, water, and soil are complex with many
biological processes involved [1]. An increase in temperatures is expected under
climate change [2] and could lead to a net deficit in atmospheric water content.
Thus excessive evaporation from soil, water, and plant surfaces would occur [3].
Climate change is expected to have many adverse impacts on various sectors, yet
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agriculture is considered to be the most tangible affected sector, as any alteration
in the prevailing temperature or precipitation patterns will disturb the agricultural
sector as a whole, including crop yields, crops water requirements, and soil fertility
[4]. Climate change has already caused significant impacts on water resources and
food security [5]. Land ecosystems would require more water to match increased
water demand, and consequently to prevent drought [6]. Furthermore, it is expected
that competition between agriculture and other economic sectors will increase in the
future, which can reduce the allocation of water to agriculture. Reference and crop
evapotranspiration rates are likely to increase, as well as irrigation requirements for
the cultivated crops under climate change conditions [7] due to higher temperature,
solar radiation and wind speed [8]. It was reported that climate change is expected to
negatively affect crops productivity [9] and cause increases in water requirements for
crops in Egypt [10]. Thus, it is essential to improve water management in agriculture
and reduce unnecessary losses in the present time, adapt this behavior and carry it
with us for our future generations.

Despite technological advances in crops production, such as improved crop cul-
tivars and irrigation systems, weather and climate are still key factors in agriculture
productivity. Evapotranspiration (ETo) is the key factor in determining crop water
requirements in various development stages. ETo is the combination of soil evap-
oration and crop transpiration [11]. Efficient water management of crops requires
accurate irrigation scheduling which, in turn, requires accurate measurement of crop
water requirement. Because climatic parameters are the only factors affecting ETo,
it is the most important hydrological and meteorological variable to reflect climate
change [12]. Previous research in Egypt on the effect of climate change on ETo val-
ues revealed that temperature rise by 1 °C might increase ETo rate by about 4–5%,
whereas a rise by 3 °C may increase ETo rate by about 15% [13]. Attaher et al. [14]
and Khalil [15] concluded that the future climate change in 2100 would increase
potential irrigation demands, due to the increase in ETo. Ouda et al. [16] stated that
the value of ETo would increase by an average of 9% in 2030 and by 13% in 2040
in Egypt.

Crop evapotranspiration (ETc) and crop coefficient (Kc) are two important factors
for crop production. Crop type, stage of growth, soil moisture, health of plants,
cultural practices are affecting both ETc and Kc [17]. Several studies were done
in Egypt to project the expected increase in water requirements for several crops
under climate change conditions [18–20, 16, 21–23]. Their results proved that water
requirements for crops would increase with different percentages depending on crop
type, growing season and geographic location.

On the other hand, Kc is a key component in ETc determination on the field level.
The variation and magnitude of Kc are important for the accurate determination of
ETc. Thus, the most known and used technique to estimate ETc is the one based on
theKc approach [24] where the ETc is calculated using standard agro-meteorological
variables and a crop-specific coefficient, which should take into account the relation-
ship between atmosphere, crop physiology and agricultural practices [25]. Although
several studies discussed the role of Kc in crops water requirements calculations [26,
27, 25, 28], few international studies dealt with the projected effect of climate change



Projected Crop Coefficients Under Climate Change in Egypt 275

on Kc values of different crops. Furthermore, there is no local studies were done to
tackle this subject.

Thus, the objective of this chapter was to quantify how climate change will affect
the value of Kc for several important crops in Egypt. One way to do so is to develop
a procedure to accurately estimate Kc values for 14 field crops, 7 fruit crops and 13
vegetable crops in the five agro-climatic zones of Egypt in 2030.

2 Methodology

2.1 Climate Change Scenario

Climate change scenario RCP6.0 resulted fromMIROC5 model in 2030 was used in
this analysis. It is available from the following website: http://www.ccafs.cgiar.org/
marksimgcm#.Ujh1gj-GfMY.TheMIROC5model is one on theCMIP5GeneralCir-
culation Models developed by Atmosphere and Ocean Research Institute (The Uni-
versity of Tokyo), National Institute for Environmental Studies, and Japan Agency
for Marine-Earth Science and Technology. The model has a horizontal resolution
equal to 1.40° × 1.40°.

MIROC5 model produces four RCPs climate change scenarios. RCP6.0 climate
change scenario is one of them,where it represents a larger set ofmitigation scenarios
and radiative forcing targets in 2100. In this scenario, the total radiative forcing
is stabilized shortly after 2100, without overshoot by the application of a range
of technologies and strategies for reducing greenhouse gas emissions. Thus, it is
considered as a stabilization scenario [29, 30].

2.2 The Projected Value of ETo Using Hargreaves-Samani
Equation

The RCP6.0 climate change scenario contained maximum and minimum temper-
ature, as well as solar radiation data, which are suitable to calculate ETo using
Hargreaves-Samani (H-S) equation [31]. However, the accuracy of Hargreaves-
Samani (H-S) equation is lower than its counterpart of Penman-Monteith (P-M)
equation [16], which requires using solar radiation, maximum, minimum and dew
point temperature, as well as wind speed. Furthermore, Penman-Monteith (P-M)
equation is widely recommended because of its detailed theoretical base and its
accommodation of small time periods [32]. To solve this problem, a linear regres-
sion equation can be established with ETo values resulted from P-M plotted as the
dependent variable and ETo values from H-S equation to be plotted as the indepen-
dent variable. The intercept (a) and calibration slope (b) of the best-fit regression line
can be used as regional calibration coefficients. This methodology was developed by

http://www.ccafs.cgiar.org/marksimgcm#.Ujh1gj-GfMY
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Shahidian et al. [32] as follows:

ET(P-M) = a + b ∗ ET(H-S) (1)

Thus, we used BISm model [17] to calculate ET(P-M) and ET(H-S) using 2016
weather data. The agro-climatic zones developed by Ouda and Noreldin [33] were
used to ease calculations. Figure 1 illustrated these five agro-climatic zones.

An equation for each agro-climatic zone was developed, where different (a) and
(b) values were estimated. The quality of the fit between ET(P-M) and ET(H-S) was
presented in terms of the coefficient of determination (R2), which is the ratio of the
explained variance to the total variance and through calculation of root mean square
error per observation (RMSE/obs), which gives the standard deviation of the model
prediction error per observation [34].

Thus, the above-developed equations were used to project ETo value similar to
ET(P-M) using the data of RCP6.0 scenario and apply it to BISmmodel [17] in 2030.
The projected value of ET(P-M) was then used in BISm model [17] to calculate Kc
values for the selected crops in each of the five agro-climatic zones of Egypt.

Fig. 1 Map of agro-climatic zones of Egypt. Source Ouda and Noreldin [33]
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Table 1 Prediction equations, the coefficient of determination (R2) and root mean square error per
observation (RMSE/obs) for ET(P-M) values in the agro-climatic zones of Egypt

Zone Prediction equation R2 RMSE/obs

Zone 1 ET(P-M) = 0.95 + 1.21 * ET(H-S) 0.97 0.35

Zone 2 ET(P-M) = 0.98 + 1.16 * ET(H-S) 0.97 0.31

Zone 3 ET(P-M) = 0.58 + 1.13 * ET(H-S) 0.99 0.22

Zone 4 ET(P-M) = 0.30 + 1.40 * ET(H-S) 0.99 0.35

Zone 5 ET(P-M) = 0.04 + 1.42 * ET(H-S) 0.99 0.34

2.3 The Predicted Values of ETo Using Penman-Monteith
Equation in 2030

The Developed prediction equation for ET(P-M) for each agro-climatic zone are pre-
sented inTable 1. The results in the table showed that R2 values betweenET(P-M) and
ETo(H-S) was between 0.97 and 0.99 in the five agro-climatic zones. Furthermore,
RMSE/obs values between them were between 0.22 and 0.35 mm/day.

Figure 2 presented themonthly ET(P-M), ET(H-S) and predicted ET(P-M) values
in each agro-climatic zoneofEgypt. Figure showed that the predictedET(P-M)values
were close to the calculated values in most of the months in the five agro-climatic
zones.

Similar results were obtained by Ouda et al. [16] when they used the above
procedure to predict ET(P-M) for 17 governorates in Egypt, where R2 values were
between 0.95 and 0.99 and RMSE/obs values were between 0.03 and 0.06 mm/day.

3 Kc Values for Field Crops in the Agro-Climatic Zones
in 2030

3.1 The Projected Planting and Harvest Dates for the Studied
Field Crops in 2030

Under climate change in 2030 and as a result of the rise in air temperature, it is
expected that planting date will be earlier by 5–7 days. Morsy [35] simulated the
effect of early planting for wheat and maize under climate change in 2030 and found
that early planting of both crops resulted in a reduction of yield losses. Furthermore,
it is also expected that season length of the cultivated crops will be reduced under
climate change. Khalil et al. [36] reported that wheat season length was reduced by
5 days in 2030, as a result of acceleration in its growing season. Similar results were
obtained by Ouda et al. [37] for maize under climate change in 2030.

Table 2 presented the projected planting and harvest dates for the studied field
crops planted in the five agro-climatic zones of Egypt.
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Fig. 2 Monthly ET(P-M), ET(H-S) and predicted ET(P-M) values in the agro-climatic zones of
Egypt in 2016

3.2 The Projected Date of Kc Growth Stages and Its Values
for the Studied Field Crops in 2030

The results of the analysis indicated that the projected date of each Kc growth stage
of the selected field crops was similar in the first, second and the third agro-climatic
zone (Table 3).
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Table 2 The projected
planting and harvest dates for
the selected field crops in
2030

Crop Planting date Harvest date Season length
(days)

Barley 10-Nov 23-Mar 134

Bean (faba) 20-Oct 18-Apr 150

Clover 10-Oct 23-Mar 165

Cotton 10-Mar 5-Aug 149

Flax 10-Nov 5-Apr 147

Lentil 20-Oct 18-Mar 150

Maize 10-May 25-Aug 107

Rice 10-May 7-Sep 121

Sorghum 10-May 20-Aug 103

Soybean 10-May 16-Aug 99

Sugar beet 10-Oct 5-Apr 178

Sugarcane 15-Feb 14-Feb 365

Sunflower 10-May 7-Aug 90

Wheat 10-Nov 9-Apr 151

Table 3 The projected date
of Kc growth stages for the
studied field crops in the first,
second and third
agro-climatic zones in 2030

Crop Data of growth stages

Kcini Kcmid Kcend

Barley 6-Dec 9-Jan 23-Mar

Bean (faba) 25-Nov 19-Dec 18-Mar

Clover 21-Oct 28-Nov 23-Mar

Cotton 1-Apr 16-Apr 5-Aug

Flax 4-Dec 15-Jan 5-Apr

Lentil 12-Nov 19-Dec 18-Mar

Maize 30-May 26-Jun 20-Aug

Rice 8-Jun 23-Jun 7-Sep

Sorghum 26-May 22-Jun 20-Aug

Soybean 29-May 23-Jun 16-Aug

Sugar beet 5-Nov 29-Dec 5-Apr

Sugarcane 13-Apr 16-Oct 09-Feb

Sunflower 28-May 19-Jun 7-Aug

Wheat 10-Dec 16-Jan 9-Apr

The analysis also showed that the projected dates of Kc growth stageswere similar
in the fourth and fifth agro-climatic zones. Table 3 indicated that the projected dates
of Kc growth stages were different from its counterpart in the first, second and third
agro-climatic zones (Table 4).
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Table 4 The projected date
of Kc growth stages for the
studied field crops in the
fourth and fifth agro-climatic
zones in 2030

Crop Data of growth stages

Kcini Kcmid Kcend

Barley 5-Dec 8-Jan 23-Mar

Bean (faba) 24-Nov 18-Dec 18-Mar

Clover 20-Oct 27-Nov 23-Mar

Cotton 31-Mar 15-Apr 5-Aug

Flax 3-Dec 14-Jan 5-Apr

Lentil 5-Nov 18-Dec 18-Mar

Maize 29-May 24-Jun 20-Aug

Sorghum 25-May 21-Jun 20-Aug

Soybean 28-May 22-Jun 16-Aug

Sugar beet 4-Nov 28-Dec 5-Apr

Sugarcane 12-Apr 14-Oct 09-Feb

Sunflower 26-May 17-Jun 7-Aug

Wheat 9-Dec 15-Jan 9-Apr

The results in Tables 5 and 6 indicated that the projected values of Kcini and Kcend
were different in the three agro-climate zone, where both were decreasing in the third
agro-climatic zone, compared to the first zone. Furthermore, the value of Kcmid was
similar in these three agro-climatic zones.

The value of Kcini is affected by soil evaporation, which is determined by the ETo
rate and irrigation frequency [24]. Thus, ETo rate is increasing from the first agro-
climatic zone to the third agro-climatic zone. Furthermore, the interval between
irrigation is long due to the characteristics of the prevailing clay soil in the agro-
climatic zones, which results in a reduction in the value of Kcini. Regarding to Kcmid

and Kcend, both depend on the difference in daily net radiation, soil heat flux density,
crop morphology effects on turbulence and physiological differences between the
crop and reference crop [17].

3.3 Comparison Between Kc Values for Field Crops in 2016
and 2030

The values of Kc for the studied field crops in 2016 were obtained from Ouda [38]
to conduct a comparison between Kc values in 2016 and the projected Kc values
in 2030. Figure 3 showed that in the first, second and third agro-climatic zones, the
values of Kcini were lower in 2030, compared to its counterpart values in 2016, except
for faba bean. The values of Kcmid were higher in 2030, compared to its counterpart
values in 2016 and the values of Kcend were higher or similar in 2030, compared to
its counterpart values in 2016.
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Table 6 The projected values of Kc of the studied field crops in the fourth and fifth agro-climatic
zones in 2030

Crop Kc in the fourth agro-climatic zone Kc in the fifth agro-climatic zone

Kcini Kcmid Kcend Kcini Kcmid Kcend

Barley 0.26 1.11 0.17 0.24 1.11 0.16

Bean (faba) 0.23 1.00 0.18 0.22 1.00 0.17

Clover 0.20 1.15 0.36 0.19 1.15 0.35

Cotton 0.23 0.95 0.49 Not cultivated

Flax 0.26 1.12 0.25 0.24 1.12 0.25

Lentil 0.19 1.00 0.18 0.18 1.00 0.17

Maize 0.19 1.06 0.60 0.17 1.06 0.60

Sorghum 0.16 1.06 0.50 0.15 1.06 0.50

Soybean 0.19 1.11 0.40 0.17 1.11 0.40

Sugar beet 0.21 1.16 0.96 Not cultivated

Sugarcane 0.40 1.25 0.75 0.40 1.25 0.75

Sunflower 0.19 1.08 0.38 0.17 1.08 0.36

Wheat 0.26 1.08 0.16 0.24 1.08 0.16

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40

2016 Kcini 2030 Kcini 2016 Kcmed 2030 Kcmed 2016 Kcend 2030 Kcend

Fig. 3 Comparison between Kc values in 2016 and 2030 for studied field crops in the first, second
and third agro-climatic zones

A similar trend was found in the fourth and fifth agro-climatic zones, where the
values of Kcini were lower in 2030, compared to its counterpart values in 2016, except
for maize, sorghum and soybean. The values of Kcmid were higher in 2030, compared
to its counterpart values in 2016 and the values of Kcend were higher or similar in
2030, compared to its counterpart values in 2016. This increase in the Kc values,
especially in the middle of the growing season, where maximum growth existed,
could result in increases in the required irrigation amounts to satisfy the needs of
these crops (Fig. 4).
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Fig. 4 Comparison between Kc values in 2016 and 2030 for studied field crops in the fourth and
fifth agro-climatic zones

3.4 The Projected Values of ETc for the Studied Field Crops
in 2030

The results in Table 7 indicated that the projected values of ETc in 2030 for the
studied crops followed an increasing trend, where it was the lowest in the first agro-
climatic zone and were the highest in the fifth agro-climatic zone. This is attributed
to the rise in the value of climatic elements in the fifth agro-climatic zone, compared
to the first agro-climatic zone. It can also be noticed from the table that cotton and
sugar beet are not cultivated in the fifth agro-climatic, as a result of the unsuitability

Table 7 The values of ETc (mm) for the studied field crops in the five agro-climatic zones in 2030

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

Barley 333 346 365 423 512

Bean (faba) 376 391 410 451 539

Clover 594 623 657 728 862

Cotton 890 952 1098 1192 Not cultivated

Flax 416 434 465 518 607

Lentil 367 382 401 442 530

Maize 637 676 760 834 915

Rice 778 827 922 Not cultivated

Sorghum 641 682 769 845 928

Soybean 634 672 757 830 909

Sugar beet 581 610 653 721 Not cultivated

Sugarcane Not cultivated 3127 3514

Sunflower 563 596 674 736 802

Wheat 393 410 441 488 571
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Table 8 The projected
planting and harvest dates for
the selected fruits crops in
2030

Crop Planting date Harvest date Season length
(days)

Apple 10-Feb 9-Feb 365

Citrus 10-Feb 9-Feb 365

Date 10-Feb 9-Feb 365

Grape 10-Feb 9-Feb 365

Olive 10-Feb 9-Feb 365

Stone fruit 10-Feb 9-Feb 365

of the weather conditions. Rice is not cultivated in the fourth and fifth agro-climatic
zones as it is prohibited by law. In addition, sugarcane is only cultivated in the fourth
and fifth agro-climatic zones because weather conditions are suitable for its growth.

4 The Projected Kc Values for the Studied Fruit Crops
in the Agro-Climatic Zones in 2030

4.1 The Projected Planting and Harvest Dates for the Studied
Fruit Crops in 2030

Table 8 presented the projected planting and harvest dates for fruit crops, as well as
its season length. It worth noting that planting date for the studied fruit crops was
assumed to be 5 days earlier.

4.2 The Projected Date of Kc Growth Stages and Its Values
for the Studied Fruit Crops in 2030

Table 9 presented the projected dates of Kc growth stages and its values for the
studied fruit crops. The analysis indicated that the dates and the values were similar
in the five agro-climatic zones of Egypt. This could be attributed to that fact that
fruit trees established ground cover all year long, could make it less responsive to
the weather of winter and summer seasons.
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Table 9 The projected date of Kc growth stages and its values for the studied fruit crops in the
agro-climatic zone in Egypt in 2030

Crop Data of growth stages Kc value

Kcini Kcmid Kcend Kcini Kcmid Kcend

Apple 10-Feb 10-Aug 9-Feb 0.55 1.05 0.80

Citrus 10-Feb 10-Jun 19-Feb 1.00 1.00 1.00

Date 10-Feb 10-Jun 10-Feb 0.95 0.95 0.95

Grape 10-Feb 28-Apr 9-Feb 0.45 0.80 0.35

Olive 10-Feb 10-Jun 9-Feb 0.80 0.80 0.80

Stone fruit 10-Feb 10-Aug 9-Feb 0.55 1.05 0.65

0.00

0.20

0.40

0.60

0.80

1.00

1.20

Apple Citrus Date Grape Olive Stone fruit

2016 Kcini 2030 Kcini 2016 Kcmed 2030 Kcmed 2016 Kcend 2030 Kcend

Fig. 5 Comparison between Kc values in 2016 and 2030 for studied fruit crops in the agro-climatic
zones of Egypt

4.3 Comparison Between Kc Values for the Studied Fruit
Crops in 2016 and 2030

The values of Kc for the studied fruit crops in 2016 were obtained from Ouda [38]
to compare it with the obtained values in 2030. Figure 5 showed that there were no
differences in the value of Kc in its three growth stages in 2030, compared to its
counterpart values in 2016 in the five agro-climatic zones of Egypt.

4.4 The Projected Value of ETc for the Studied Fruit Crops
in 2030

Table 10 showed the values of ETc for the studied fruit crops in the five agro-climatic
zones of Egypt in 2030. Although the projected value of Kc for fruit crops will have
similar values to its counterpart in 2016, the table showed that the projected values
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Table 10 The projected values of ETc (mm) for the studied fruit crops in the five agro-climatic
zones in 2030

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

Apple 1903 2027 2259 2509 2834

Citrus 2114 2252 2520 2793 3149

Date 2008 2140 2394 2654 2992

Grape 1368 1463 1661 1841 2048

Olive 1691 1802 2016 2235 2519

Stone fruit 1914 2038 2270 2521 2849

of ETc would follow an increasing trend from the first agro-climatic zone to the fifth
agro-climatic zone. This increase can be attributed to the expected rise in weather
elements that could lead to a net deficit in atmospheric water content, consequently
excessive evaporation from soil, water, and plant surfaces [4].

5 The Projected Kc Values for the Studied Vegetable Crops
in the Agro-Climatic Zones in 2030

5.1 The Projected Planting and Harvest Dates
for the Selected Vegetable Crops in 2030

The recommended planting and harvest dates for selected vegetable crops, as well as
its season length are presented in Table 11. An assumptionwasmade that sowing date
for these crops in 2030 was 5 days earlier than its sowing date in 2016. Furthermore,
the length of the growing season for the selected vegetable crops in 2030 is expected
to be 3–5 days shorter.

5.2 The Projected Dates of Kc Growth Stages and Its Values
for the Selected Vegetable Crops in 2030

Similar to the studiedfield crops, the results of the analysis indicated that the projected
dates of each Kc growth stage of the selected vegetable crops were similar in the
first, second and the third agro-climatic zone (Table 12).

Furthermore, Table 13 indicated that the date of Kc growth stages was similar in
the fourth and fifth agro-climatic zones and it was different from its counterpart in
the first, second and third agro-climatic zones.

The results in Table 14 indicated that the projected values of Kcini would have
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Table 11 The projected
planting and harvest dates of
selected vegetable crops in
2030

Crop Planting date Harvest date Season length
(days)

Cucumber 10-Mar 7-Jun 90

Eggplant 25-Mar 29-Jul 127

Onion 10-Nov 7-Apr 149

Peas 28-Aug 23-Nov 88

Pepper 28-Mar 3-Aug 129

Potato
(winter)

28-Oct 26-Jan 91

Potato
(summer)

28-Jul 23-Nov 119

Squash 10-Mar 8-Jun 91

Strawberry 28-Aug 5-May 251

Sweet potato 28-Sep 25-Feb 151

Tomato
(winter)

28-Apr 23-Aug 118

Tomato
(summer)

28-Sep 23-Feb 149

Watermelon 10-Feb 23-May 103

Table 12 The date of Kc
growth stages for the studied
vegetable crops in the first,
second and third
agro-climatic zones in 2030

Crop Data of growth stages

Kcini Kcmid Kcend

Cucumber 27-Mar 21-Apr 7-Jun

Eggplant 23-Apr 1-Jun 29-Jul

Onion 24-Nov 18-Dec 7-Apr

Peas 14-Sep 8-Oct 23-Nov

Pepper 22-Apr 25-May 3-Aug

Potato (winter) 15-Nov 7-Dec 26-Jan

Potato (summer) 20-Aug 19-Sep 23-Nov

Squash 28-Mar 24-Apr 8-Jun

Strawberry 5-Oct 18-Dec 5-May

Sweet potato 28-Oct 4-Dec 25-Feb

Tomato (winter) 27-Apr 26-Jun 23-Aug

Tomato (summer) 4-Nov 12-Dec 23-Feb

Watermelon 2-Mar 2-Apr 23-May
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Table 13 The date of Kc
growth stages for the studied
vegetable crops in the fourth
and fifth agro-climatic zones
in 2030

Crop Data of growth stages

Kcini Kcmid Kcend

Cucumber 26-Mar 20-Apr 7-Jun

Eggplant 22-Apr 1-Jun 29-Jul

Onion 23-Nov 19-Dec 7-Apr

Peas 13-Sep 7-Oct 23-Nov

Pepper 21-Apr 24-May 3-Aug

Potato (winter) 14-Nov 6-Dec 26-Jan

Potato (summer) 19-Aug 18-Sep 23-Nov

Squash 27-Mar 23-Apr 8-Jun

Strawberry 4-Oct 17-Dec 5-May

Sweet potato 27-Oct 3-Dec 25-Feb

Tomato (winter) 26-Apr 25-Jun 23-Aug

Tomato (summer) 3-Nov 11-Dec 23-Feb

Watermelon 1-Mar 1-Apr 23-May

different values and it will be decreasing in the three agro-climate zone. Regarding
Kcmid and Kcend, both were similar in the first, second and third agro-climatic zones.

Moreover, in Table 15, Kcini was decreasing in the fifth agro-climatic zone, com-
pared to the fourth zone. On the other hand, Kcmid and Kcend values were the same
or lower, compared to its counterpart values in Table 14.

5.3 Comparison Between Kc Values for the Selected
Vegetable Crops in 2016 and 2030

The values of Kc for the studied vegetable crops in 2016 were obtained from Ouda
[38], and it was compared to its counterpart values in 2030. Figure 6 showed that in
the first, second and third agro-climatic zone the values of Kcini were lower in 2030,
compared to its counterpart values in 2016. The values of Kcmid were higher in 2030
and Kcend values were lower in 2030, compared to its counterpart values in 2016,
except for potato, squash, and sweet potato. The projected increase in the Kc values,
especially in the middle of the growing season, where maximum growth existed, will
cause increases in irrigation amounts required to satisfy the needs of these crops.

The values of Kcini in the fourth and fifth agro-climatic zones were equal or lower
in 2030, compared to 2016. Furthermore, the values of Kcmid were higher and the
values of Kcend for the studied vegetable crops were lower in 2030, compared to its
counterpart values in 2016, except potato, tomato and watermelon (Fig. 7).
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Table 15 The projected values of Kc of the studied vegetable crops in the fourth and fifth agro-
climatic zone in 2030

Crop Kc in the fourth agro-climatic
zone

Kc in the fifth agro-climatic zone

Kcini Kcmid Kcend Kcini Kcmid Kcend

Cucumber 0.21 0.84 0.84 0.19 0.85 0.84

Eggplant 0.18 0.89 0.84 0.18 0.90 0.84

Onion 0.25 1.21 0.54 0.23 1.22 0.50

Pea 0.16 1.01 1.01 0.15 1.02 1.00

Pepper 0.18 1.02 0.86 0.18 1.00 0.85

Potato (winter) 0.23 1.07 0.65 0.22 1.00 0.70

Potato (summer) 0.18 1.11 0.69 0.16 1.10 0.70

Squash 0.20 0.89 0.68 0.19 0.90 0.70

Strawberry 0.17 0.70 0.70 0.15 0.70 0.70

Sweet potato 0.20 1.08 0.67 0.18 1.10 0.70

Tomato (winter) 0.19 1.12 0.66 0.18 1.01 0.65

Tomato (summer) 0.20 1.09 0.64 0.19 1.01 0.65

Watermelon 0.24 1.00 0.75 0.22 1.00 0.75

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40

2016 Kcini 2030 Kcini 2016 Kcmed 2030 Kcmed 2016 Kcend 2030 Kcend

Fig. 6 Comparison between Kc values in 2016 and 2030 for studied vegetable crops in the first,
second and third agro-climatic zones of Egypt

5.4 The Value of ETc for the Selected Vegetable Crops

Similar to field and fruit crops, Table 16 showed that there would be an increasing
trend in the values of ETc from the first agro-climatic zone to the fifth agro-climatic
zone of Egypt in 2030.
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Fig. 7 Comparison between Kc values in 2016 and 2030 for studied vegetable crops in the fourth
and fifth agro-climatic zones of Egypt

Table 16 The values of ETc (mm) for the studied vegetable crops in the five agro-climatic zones
in 2030

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

Cucumber 397 427 498 534 613

Eggplant 645 687 784 852 929

Onion 519 544 582 645 736

Pea 335 352 377 424 474

Pepper 779 832 951 1035 1133

Potato (W) 219 229 227 247 305

Potato (S) 532 561 609 686 771

Squash 400 431 502 539 617

Strawberry 610 643 701 765 868

Sweet potato 398 415 424 464 559

Tomato (W) 371 386 394 430 519

Tomato (S) 727 773 868 953 1047

Watermelon 641 700 816 881 958

6 Conclusions

Quantification of the impact of climate change on Kc values for several crops is very
important for policymakers when developing their future water management plans.
This requires an accurate equation to calculate ETo values. Because only monthly air
temperature and solar radiation are available in the RCP6.0 climate change scenario,
it is impossible to use P-M equation. Instead, monthly ETo can be calculated using
H-S equation, and the developed prediction equations for ET(P-M) can be used to
calculate the values of monthly ETo using the developed calibration coefficients for
each agro-climatic zone. Our results showed that this method was accurate and the
predicted ETo values were close to the calculated ETo values by the P-M equation.
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Thus, it is recommended to use this procedure in case of unavailability of wind speed
and dew point temperature values.

The BISm model was used to project Kc values in 2030. The results indicated
that Kcini values for field and vegetable crops were lower in 2030, compared to its
counterpart values in 2016. The values of Kcmid were higher in 2030, and the value
of Kcend was similar or higher in 2030, compared to its counterpart values in 2016.
This increase in the Kc values, especially in the middle of the growing season, where
maximum growth existed, results in increases in the required irrigation amounts to
satisfy the needs of these crops. Whereas, there was no change in the values of Kc
for fruit crops between 2016 and 2030. This could be attributed to that fact that
fruit trees established ground cover all year long, which makes it less responsive to
weather variation between growing seasons. However, the projected values of ETc
will increase. This increase can be attributed to the expected rise in weather elements
that could lead to a net deficit in atmospheric water content, consequently excessive
evaporation from soil, water, and plant surfaces.

7 Recommendations

1. The policymakers should take into account the expected consequences of climate
change in their future plans, regulate the amount of availablewater for agriculture,
and distribute it on the basis of crops needs in each agro-climatic zone.

2. The policymakers should make efforts to improve irrigation water transport,
distribution, and application efficiency to reducewater losses through evaporation
and deep percolation.

3. The prevailing irrigation system in Egypt is surface irrigation, which endures
high water losses; therefore policymakers should change this type of system to
more efficient one.
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Rice Production in Egypt: The
Challenges of Climate Change and Water
Deficiency

Heba Elbasiouny and Fathy Elbehiry

Abstract Climate change has become one of the major global environmental prob-
lems of the 21st century. Rice is the main cereal crop for over 50% of the world’s
population. Rice cultivation is known as an important emitter of greenhouse gases
emission especially methane due to rice management practices and burning of rice
straw after harvesting. However, many studies confirmed that rice soils accumulate
carbon higher than other crops such as wheat and corn. The cultivated area of rice in
Egypt is approximately 650,000 ha from the whole cultivated area in Egypt; approx-
imately 3.3 million ha; i.e. around 20% of the cultivated area in Egypt. Egypt relies
on the Nile for 97% of its water requirements. The expected scenario of water defi-
ciency in Nasser lake due to the Grand Ethiopian Renaissance Dam construction,
with pulling of deficiency fromDamLake; is emphasizing on wasting approximately
1.7 million ha of Egypt’s cultivated area. As well, the expected high scenario of a
relative sea level rise in Egypt; especially Nile Delta increases the amount of land
that lying under risk from inundation in the north Nile Delta by 300 km2, which
estimated by one-fifth of the total agricultural land in the northeast Nile Delta only.
Also, all crops are projected to have a decrease in yields and an increase in irrigation
needs. Thus; all these challenges will increase the stresses on rice production and
decrease soil C storage in Egypt as a result of climate change and water shortage
due to establishing GERD. Therefore, the changing in rice management practice;
such as decreasing ploughing, creating another alternative to rice straw burning and
balanced fertilizer application; will lead to mitigating of greenhouse gases emission
from rice cultivation and improving soil organic matter (SOM) stocks, subsequently
soil quality and productivity.
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1 Introduction

Rice (Oryza sativa) is one of the main field crops and a major staple food in most
parts of the world. More than 160 million ha of arable land dedicated to its pro-
duction, and more than 730 million tons produced in 2012. The top producers in
the world are China, India, and Indonesia [1]. Flooding/Basin irrigation is the most
common pattern for irrigating rice; it is always called paddies or paddy basins. Basin
irrigation is useful if leaching is required to remove salts from the soil [2]. Rice crop
is stunningly diverse and unique because of its ability to grow in wet ecosystems,
while other crops cannot survive. Rice paddies are estimated by a large portion of the
wetland ecosystem; mainly in Asian countries [3]. It is the most broadly grown under
irrigation [2]. Paddy soils are featured by high organic material inputs with rather
a low decomposition rate under anaerobic conditions, which favors organic matter
accumulation [4]. Also, paddy rice is best grown on clayey soils which are almost
impermeable to decline losses by percolation. Rice could also be cultivated on sandy
soils, but losses by percolation are high without maintaining a shallow water table.
Such conditions sometimes take place in valley bottoms. Loamy soils are preferred
with basin irrigation to avoid waterlogging (permanent saturation of the soil) [2].

Climate change has been one of the main topics in environmental policy. It is
highlighted as a major security issue. Climate change impacts include increased
frequency of flash flood events, droughts, or periods of water deficiencies and rising
temperatures. As well, sea level rise is also an important issue. Future observed
trends and projections indicate a strong susceptibility to changes in hydrological
regimes, a rising general deficiency of water resources and thus threats to water
availability and management. The volume of water consumed in Egypt is about
68 km3 of which 86% is dedicated to agriculture. Ninety-five percent of the water
consumed in Egypt derives from the Nile River. In the context of the construction
of the Grand Ethiopian Renaissance Dam under establishment on the upper Nile,
geopolitical stability requires better knowledge of water threats over the region [5].

Mitigation atmospheric GHGs (CO2, CH4 and N2O) which contributes consid-
erably to global warming is generating a major challenge in recent day agriculture.
Soil organic carbon (SOC) content is one of the most important indicators of soil
fertility or quality. Soil carbon, as included globally in an important biogeochemical
C cycle, is of great significance to climate change. Therefore, enhanced agricultural
management practices have been studied to reduce the loss of SOC and crop residues,
sequestering SOC, reducing atmospheric GHGs, especially there is need to reduce
GHGemissions from agriculture and rice productionwhile increasing ormaintaining
rice production levels which consider a major challenge [6, 7].
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2 Rice Production in the World

Rice is one of the fundamental agricultural commodities and food sources, feeding
approximately 50% of the world’s population (more than 3.5 billion people) as a
staple food, which directly nourishes people more than any other crop. It is covering
about 160Mha of the world’s land surface [1–4, 7–11].Moreover, rice is a key source
of employment and income for the rural people most of whom live in developing
countries. The crop occupies one-third of the world’s total area cultivated by cereals
[2].Approximately 75% rice is producedworldwide in irrigated lowlands [10]. Staple
foods are well known as reasonable, regularly available, energy-rich and essential
for daily life. Mainly staple foods are resulted from cereals, such as rice, maize,
wheat, and barley. Rice and maize either single and double-crop rice, spring, and
summer maize) are the most staple food crops [4]. Rice is a healthy, nutritious, and
versatile food. Its content of complicated carbohydrates is transformed to glycogen
by digestive processes in the human body. Glycogen is stored in muscle tissues and
released as a required energy for the activities. As the rice being the staple food of
most Egyptians, its local consumption rate is 35–40 kg/capita/annum [12].

Over 90% of rice is produced and consumed in Asian, and the African countries,
where mostly all rice is produced by smallholders on farms ranges from 0.5 to
3 ha. In many Asian counties, rice yield/ha has doubled up through 20 years of
the Green Revolution. There are many reasons contributing in this yield such as
the adoption of high yielding rice varieties and increasing the cropping intensity and
farm inputs. Therefore, during the 1970s and 1980s, global rice production increased
at a rate of 2.3–2.5% per year. Consequently, however, the growth rate declined to
1.5% during 1990s as well during the first decade of 21st century, primarily due
to land degradation problems. The population in major rice consuming countries
are increased at an annual rate of 1.5%, and thus, the present growth rate of rice
production is not enough to feed them; therefore, a gradual annual increase of about
two million tons in production is required to fulfill the rising demand [13]. Rice is
cultivated in 16 countries in the Near East region; Afghanistan, Algeria, Azerbaijan,
Egypt, Iran, Iraq, Kazakhstan, Kyrgyzstan, Mauritania, Morocco, Pakistan, Somalia,
Sudan, Tajikistan, Turkey, and Turkmenistan. Approximately, 92% of this region rice
yield is produced mainly in Pakistan, Egypt, and Iran [2].

It is stated that to cope with the world’s rising rice consumption level, the world’s
rice production also expanded. Rice production has increased greatly since the 1960s.
During the last decades of 20th century, rice has seen steady increases in demand.
Its growing importance is evident in the strategic food security planning policies.
This is applied in many countries, except in few countries in the Near East Region
that have accomplished self-sufficiency in rice production and imported the large
quantities of rice that overtake the demand to meet demand at a huge charge in hard
currency [2]. It is reported that it is estimated that a 40% increase in rice production is
needed to meet the surging demand from the hastily increasing population by the end
of 2030. Numerous strategies of agricultural management are now being developed
for improving rice productivity as well as soil C sequestration, such as water and
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fertilization management, cultivation methods, developing new rice cultivars, and
utilizing of interesting materials such as biochar and rice straw [14].

3 Rice Production in Egypt

Only about 4% of Egypt’s total area is agricultural land. This area includes one of the
heaviest population densities worldwide. The remaining 96% of Egypt’s land area is
arid desert [15]. Egypt is the largest producer of rice in the Near East region, as well it
has the most productive rice farms worldwide with an average yield of 9× 5 ton ha−1

based on 2012 data. As well, with a whole production of about 6 million-ton year−1,
Egypt is the highest rice producer in Africa [1]. Therefore, rice is one of the major
field crops in Egypt. It engages about 0.65million ha with about 6millionmetric tons
yearly of rough rice contributing about 20% to the per capita cereal consumption.
Rice, in Egypt, is one of the potential export crops that can supply foreign exchange
to the country.Moreover, it has an important socio-economic influence sincemany of
the labor force is employed in the rice production sector. The inability to accomplish
self-sufficiency in rice production in some countries is resulting from several major
limitations; mainly water scarcity [2].

Rice is mainly grown in the Nile Delta [1, 12]. However, the country has several
production zones and grades as one of the highest producers per area unit in the
world [2]. Rice cultivation is intensified in the Delta mainly because of its soils that
consisted of a thick clay layer. The formation of this layer was associated with the
deposition of sediments that were carried along the Nile river path by historic floods.
Sediment depositions in the northern part of the Delta (coastal area) led to forming
a compact muddy clay layer that is almost impermeable. Thus, soil drainage is
hindered by heavy clays that extended over large areas of this region, endangering the
cultivation of non-flooded crops. It worthy noticed that the northern strip of the Delta
is also distinguished by highly saline groundwater because of subsurface intrusion
of seawater and/or marine entrance which attributed to continuous submergence of
this Delta part underneath sea water in historical periods. Intensive irrigation of the
low-permeable soils in the northern Delta would result in long flooding period, thus
creating an appropriate environment for high water-consuming plants, such as rice
and berseem [12]. It is stated that in Egypt and most other developing countries
that produce rice, it is commonly cultivated under continuous flooding with about
5 cm depth of standing water during the growing season [1]. Rice cultivation in such
method would also lead to leaching salts and/or pushing away salty groundwater
from the root zone. Subsequently, poorly drained parts of the northern Delta may
be considered as areas for rice and berseem cultivation only, being inappropriate
for rotation alternatives. The other area of the Delta (the southern part) varies in its
suitability for crop rotations. Therefore, cultivated rice in the southern part of the
Deltamaybe considered as useful for a cash crop aswell as for its role in leaching salts
and/or improving soil conditions [12]. A comparison of the net profits among crops
shows that cultivating rice has higher benefit to farmers; subsequently, many farmers
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in the Nile Delta have converted to intensive paddy rice despite the implications of
some of commonly used practices on soil quality, environment and natural resources
which have been mostly ignored in most of the developing countries [1].

According to the Egyptian agriculture calendar, rice is a summer crop. Rice areas
in Egypt have steadily increased after the construction of the nationwide irrigation
network in the 19th century. Rice cultivations is usually rotatedwith cotton andmaize
cultivation in the two types of crop rotation commonly carried out in the Nile Delta
(i.e. two-year and three-year rotation systems) [12]. Those rotation systems present
two patterns of crop rotation in Egypt, one of them include rice with the rotation (i.e.
berseem, wheat, rice, cotton, maize, and beans) and other without rice (i.e. berseem,
cotton, wheat, maize, beans, and vegetables) [1]. There is limited potential for an
additional increase of the rice area in Egypt because of rice is highwater consumption
crop thus all area has to be irrigated therefore the supply of irrigation water is the
most important limiting factor. Moreover, many other factors, including soil type,
climate, also controlling the choice of suitable areas for rice cultivation. On the other
hand, there are many economic factors should be considered by the farmers like
yield, cost, farm-gate price, and net return to take a decision regarding cultivate or
not cultivate rice [2].

4 The Potential of Paddy Soils for Carbon Sequestration

The soil is an important part of the global carbon (C) cycle and has the double
potential to store C than the atmosphere. The SOC plays a vital role in enhancing
soil fertility as well as sustaining soil productivity because of its influences on soil
physical, chemical, and biological properties. Furthermore, climate change feedback
and crop productivity in agricultural soils essentially depend on SOCdynamics andC
storage [16–19]. The SOC sequestration in cropland could reduce agricultural GHGs
by approximately 90% by improved management practices, such as minimum or no
tillage, fertilization, perennial or extended cropping systems, manure application,
crop residue recycling, and irrigation practices … etc. [20, 21]. As well, changes in
SOC are affected bymanymanagement practices, such as fertilizer application, straw
return, and tillage. However, SOC is always not sensitive to short-term changes in
agricultural management practices because of large background levels of SOC [21].

The concentration of atmospheric CO2 in has increased from 280 µmol mol−1

before the industrial revolution to 391 µmol mol−1 in 2011. Much attention has
been paid to carbon (C) sequestration for reducing the CO2 concentration to mitigate
global climate change [14, 22, 20, 23]. Soil acts both as source for greenhouse gases
(GHGs) (by releasing CO2 and CH4 to the atmosphere through soil respiration and
anaerobic decomposition) and sink ofGHGsby sequesteringSOC [18, 23] depending
on soil use and management [22]. Concerns regarding rising atmospheric CO2 levels
have driven considerable interest recently concerning the potential of SOC as a sink
for atmospheric CO2. Because of the important role of SOC in terrestrial ecosystems
and its large stock, minor changes in SOC due to disturbances, such as changes in
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land use or climate, may influence not only long-term ecosystem functions but also
the global atmospheric carbon budget and. Cropland soils contain slightly more than
10% (about 170 Pg C) of the total SOC pool. Therefore, a great attention is paid
to carbon sequestration in agricultural soils [24] because of its potential impact on
global climate change [22]. Subsequently, boosting C sequestration and minimizing
GHG emissions has become one of the essential tasks worldwide to the effective
combat of upcoming climate change. In considering the magnitude of soil C stock,
even small changes in this reservoir can exert a substantial influence on gaseous C
emissions and concentrations of atmospheric CH4 and CO2, thus affecting global
climate change. Under active human interference and cultivation, the soils in paddy
fields usually have a larger potentiality of C sequestration than natural wetland soils
[14].

Respecting soil C stocks, submerged rice ecology has also emerged as a potential
C sink. Very few studies have demonstrated the unique soil C chemistry in rice soils.
Slow decomposition of organic substances is common in rice soils under extended
waterlogging, anaerobic conditions due to depletion of O2 levels and the absence of
iron oxides and hydroxides as electron acceptors. This leads to higher accumulation
of stable fractions of C or in the other meaning, SOC sequestration in rice systems
[18]. However, under such conditions of submergence and increasing the quantity of
SOM, the degradation of soil quality because of the breakdown of stable aggregates
and deterioration of soil organic matter occurs. Crop rotations are known to favor
the enforcement of SOC and improving soil nutrients comparing to monocultures.
Continuous monoculture will not be active in sequestering C [25]. It is stated that
in the past decades, the SOC declined in high-yielding cropping systems, especially
in rice production systems, due to using chemical fertilizers and pesticides instead
cover crops and organicmature to retain crop growth and to increase grain yields [17].
However, SOC accumulation was attributed to the increased application of chemical
fertilizers that stimulate greater rice yields, higher biomass production, and higher
returning of crop residues to the soil, over the last several decades [23].

Owing to its high accumulation rate of SOC, rice cultivationmay play a substantial
role in mitigation CO2 in the atmosphere [23]. The dynamics of soil carbon (C) and
nitrogen (N) in submerged rice soils are different from those of aerobic, because
of maintaining submerged rice soils at lower redox potentials. Recently, stagnation
or decline in yields has been observed worldwide under the intensive rice-based
cultivation systems; this is attributed to the loss of quality and quantity of SOC
which influenced nutrient supply, specifically N [3]. It is reported that SOC in the
surface layer (0–20 cm) of paddy field is higher than its corresponding in the upland
croplands. They explained that the strong aggregate stability of paddy soil boosts
the SOC conservation and the enrichment of SOC in macro-aggregates, resulting in
a greater carbon sequestration potential in this soil. They also reported a declining
tendency of SOC after paddy conversion into the vegetable field [26].

On the other hand, rice agriculture contributes meaningfully to global straw pro-
duction. These agricultural residues are spread in the field, removed from the field,
burned in situ, piled, incorporated to the soil, or mulched on the next crop. In the
past, straw was regularly removed from the field and used as fuels or construction
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materials in many countries. Agricultural lands worldwide suffer from the increment
of pest attacks and hardening of soil agglomerates because of the excessive fertilizer
application. This has led to enlarge the practice of applying straw return to the field
after harvesting, which has led to improve soil fertility, upgrade soil physical and
chemical properties, enhance crop yield, boost soil C sequestration, and mitigate
GHG emissions [14]. However, the farmers, to save time and labor, were used to
directly burn straw in fields, causing serious atmospheric problems [27]. It is stated
that utilizing of plant residues as mulch, instead of burning, has valuable effects for
refilling SOC, and returning to the soil of 1 Mg ha−1 of rice, wheat, and maize straw
each year, thus sequestering about 130 kg C ha−1 year−1 [24]. It is reported that the
rates of rice residue inputs in rice production systems managed by farmers are vari-
able, so the change of SOC in field experiments does not sufficiently represent the
actuality of C sequestration in paddy ecosystems. Therefore, it is important to know
more information about SOC responding to variation in C inputs due to changes in
paddy rice production [23].

5 Rice Fields as a Source of Greenhouse Gas (GHG)
Emissions

Climate change has been one of the main global environmental issues of the 21st
century, with increasing anthropogenic GHG emissions being the principal reason.
Nitrous oxide (N2O) and methane (CH4) are the two significant GHGs, due to their
positive increases for radiative forcing and the permanence in the atmosphere, respon-
sible for global warming, which contribute to shape the overall earth’s climate system
[14, 27, 28]. It is mentioned that agriculture is responsible for about 13% of annual
GHG emissions that are related to all human activities [29]. While, it is stated that
agriculture only contributes to approximately 20% of the current atmospheric GHG
concentrations, with methane (CH4) and carbon dioxide (CO2) as the twomost effec-
tive carbon-containing GHGs released from agricultural activities [14]. However, it
is reported that approximately 50.1 GtCO2e GHG emissions were released from
anthropogenic sources in 2010 worldwide. Agriculture only accounts for approxi-
mately 5.0–5.8 GtCO2e (i.e. 10–12%) of these emissions. They also pointed to these
percentages only are the direct sources. If indirect sources are also taken into consid-
eration, agriculture probably accounts for an additional 3–6%of the global emissions.
Modern intensive farming, which heavily depends on irrigation and chemical fertil-
izer application, is the largest source of CH4 and nitrous oxide (N2O) emissions
[13, 30]. It is counted approximately 50% or more than 50% of the global anthro-
pogenic emissions of N2O and CH4 released from agricultural soils [27, 29]. While
it is reported that flooded-rice ecosystems accounted for approximately for 20% of
the total global CH4 budget [31]. It is considered that edaphic condition and mete-
orological factor, in addition to agricultural management such as tillage, irrigation,
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fertilization, and organic amendment application could significantly affect N2O and
CH4 flux [27].

Rice paddy fields play an important role in the global budget of GHGs, such as
CO2 and CH4 [10]. Rice farming systems tend to consume higher energy and have
a higher carbon footprint than many further comparable cropping systems. As well,
production, packaging, transportation, and the utilizing of extra farm inputs need
more energy. Subsequently it is likely to emit more GHGs. For example, since 1990–
2005, the global agriculture emissions increased by approximately 14%, an average
rate of 49MtCO2e year−1 [13]. Rice is an important emitter of CH4 which contribute
to the warming as 19–25 times higher than that of CO2 per unit of weight based on
100-year global warming potentials [32]. Rice production does not only play a major
role in sustaining global food security, createswealth and jobs in the cultivating areas,
but also results in significant environmental impacts such as atmospheric GHG emis-
sions [7, 31]. It ismentioned that CH4 is produced bymethanogens in flooded soil and
released to the atmosphere through the rice growing season.N2O is produced by nitri-
fication and denitrification processes primarily from agricultural soil management
activities, such as OM application, fertilization, and irrigation. They added that the
global paddy rice cultivation in 2000–2010 emitted 22–25 Mt CH4 year−1 (i.e. 472–
518 Mt CO2eq year−1). The annual total non-CO2 GHG emissions from agriculture
in 2000–2010 was reported to range from 4.6 to 5.1 Gt CO2eq year−1, represent-
ing 57% from N2O emission and 43% from CH4 emission. Approximately, 75% of
worldwide rice production is performed in continuously flooded paddies. Farmers
believe that this practice has many advantages such as retaining soil moisture and
temperature, increasing soil C, and suppressing the soil-borne disease and weeds.
However, flooding causes anaerobic conditions and therefore promotes methano-
genesis and methane emissions [8, 10, 13]. It is also emphasized on paddy rise and
pond aquaculture as major sources of atmospheric CH4 and N2O, mainly due to
the periodic dry/wet alteration episodes and intensive inputs of organic material and
nitrogen fertilizers [28]. Methane emissions from flooded-rice cultivation have been
revealed to be affected by various soil and plant properties, especially soil texture,
soil management practices, former crop, and selected cultivars. They also mentioned
that up to 90% of the produced CH4 in flooded-rice cultivation is emitted into the
atmosphere. The remaining 10% of CH4 in the soil is often re-oxidized into CO2 and
released into the atmosphere. Methane emissions are differentially regulated by rice
growth stage and vary extensively among rice cultivars such as hybrids, inbred lines,
and conventional ones. This variation is a result of physiological differences among
cultivars in the production of CH4 and methanotrophic activity in the rhizosphere
[31].

Furthermore, rice stubble is left on the ground to decay or burnt to ashes, which
is likely to produce both CH4 and N2O emissions [13]. The Intergovernmental Panel
on Climate Change [7, 32, 33] estimated the annual global emission rate from paddy
fields averages 60 Tg year−1, with a range of 20–100 Tg year−1 which counted
about 5–20% of the total CH4 emissions from anthropogenic sources. This figure
is primarily based on field measurements from different paddy fields in different
countries such as the United States, Spain, Italy, China, India, Australia, Japan, and
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Thailand. It is referred to that observed seasonal rice CH4 emissions worldwide
demonstrate large ranges, which reflects the effects of local and regional variations
in agricultural, biological, and climatic factors [29]. It is also reported that although
the rice production, among the crops, is being the world’s second most produced
staple crop, it is one of the largest anthropogenic sources of CH4 emission. Rice
cover 11% of the global arable land area and it is responsible for 10.1% of total
agricultural GHG emissions and about 1.3–1.8% of the global human-source GHG
emissions [13].

In Egypt, rice is important in Egyptian agriculture sector, as Egypt is the largest
rice producer in the Near East region. The total area used for rice cultivation in Egypt
is about 600 thousand ha or approximately 22% of all cultivated area in Egypt during
the summer. The mean yield is 8.2 tons ha−1 with an estimated straw production of
approximately 5–7 tons ha−1 [29]. The carbon footprint of crop production depends
on various factors, such as soil types, crop types, cultivation practices, management
factors, types and amounts of farm inputs, irrigation conditions, etc. For a specific
crop type, these factors also differ among different countries and even within a
country, for example in Australia, irrigate barley, chickpea, wheat, and rice cropping
produce about 2.5 tCO2e ha−1, 2.6 tCO2e ha−1, 2.8 tCO2e ha−1 and 1.7 tCO2e
ha−1of GHGs, respectively. The sources of CO2 simply represented in: on-farm fuel
and electricity consumption; production, packaging, storage, and transportation of
agrochemicals (fertilizers, herbicides, insecticides, fungicides, plant regulators etc.);
N2O emissions resulted from soils associated with application of synthetic nitrogen
fertilizers; and farm machinery usage [13].

Therefore, a concern of GHGs-C emission and anxiety about global warming has
resulted in grown attention on soil C storage, which is a function of climate, soil type,
cropping systems, management practices such as tillage and fertilizers application.
Particularly, the net C emissions from the paddy soil (i.e. CO2 or CH4) are gov-
erned by several factors including soil types, crop biomass, growing condition, type
of cultivars, fertilizer practices, amendments use, water management, air transport
mechanisms, and cultural practices [16]. Recently, more studies are greatly required
to focus also onGHG emissions from aquaculture wetlands, mainly because of inten-
sive input of organic feeding materials and frequent loading of chemical nutrients.
The available budgets of global CH4 and N2O emissions from aquaculture were
obtained from modeling approaches data based on surface water dissolved CH4 and
N2O concentrations. However, there is still a lack of direct field estimations of CH4

and N2O fluxes to get a perception of regional or global estimations of CH4 and
N2O source strengths from aquaculture wetlands. Particularly, it is not well known
if the current shift in agricultural land use from rice paddies to inland aquaculture
would point to what extent of shape the direction and rate of CH4 and N2O fluxes
[28]. Therefore, with the accumulating evidence on climate change, there has been
concerning about investigating the GHGs contribution of production practices and
products to identify intensive emitting options that could be the target of GHG mit-
igation actions [29]. Since the global warming potential of CH4 and N2O is 25 and
298 times higher than CO2 respectively, it is well realized that attention on reducing
CH4 or N2O emissions may be an effective climate change mitigation strategy [30].
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In many places, rice straw is not commercially valuable and is disposed of in
different ways [9]. It is burned in fields which makes rice residue as another emis-
sion source yielding CO2, CH4, and N2O, in addition to, pollutants such as carbon
monoxide (CO), particulate matter (PM), and toxic polycyclic aromatic hydrocar-
bons (PAHs). Thus, the burning of these residues causes many problems such as
air pollution, damaging to human health, and loss of soil C and nutrients [7, 29].
Rice straw residue also is left in the situ or removed from the fields for animal feed.
Therefore, the incorporation of rice straw residues into the fields has been widely
encouraged to preserve SOM and nutrients in the soil. Nonetheless, the incorporation
of crop residues into paddy rice fields significantly increases CH4 emissions because
CH4 production in flooded fields mainly relies on the availability of readily decom-
posable OM [7]. In 2008, about 620 million tons of rice straw was produced in Asia
alone, with increasing quantity every year. Rice straw consists of about 0.6% (w)
N, 0.1% P, 1.5% K, 5% Si, 0.1% S and 40% C, being a convenient source of plant
nutrients because of its on-the-spot availability in amounts varying from 2 to 10 t
ha−1. Although residue retention is crucial for the sustainable soil management of
mixed and non-rice cropping, incorporation of rice straw directly into soil commonly
causes CH4 emissions due to its anaerobic breakdown. Therefore, the promoting a
proper rice straw treatment method before its incorporation into the soil is urgently
needed [9]. As well, with a target to reduce GHG emissions from agriculture and
rural development sectors, there is a critical requiring to mitigate rice CH4 emis-
sions while increasing or maintaining rice production levels which presents a major
scientific and societal challenge [7].

6 The Impact of Climate Change and Sea Level Rice
on Land Loss and Rice Production in Egypt

Climate change characterized by global warming has already had noticeable impacts
on the ecological systems and human societies. The historical records indicate
increasing the global mean surface temperature by 0.89 °C from 1901 to 2012.
This warming trend expected to continue in the upcoming decades and would lead
to more significant impacts on ecosystems and human societies. The main reason
for current global warming is the human-induced GHG emissions [30]. The energy
sector emissions are generated from fuel combustion in the different sectors such
as industry, transportation, electricity generation, agriculture, residential and com-
mercial, petroleum production and industries. Industrial emissions are related to
heavy industries such as cement, iron, and steel production. Agricultural emissions
are mainly released from rice cultivation, enteric fermentation of livestock, manure
management, agricultural soils and field burning of agricultural residues [34].

Crop cultivation hasmoved northward since the 1940s. Rapid urbanization, policy
changes in agriculture and land use,mechanization, and changes in farmmanagement
have driven thismovement. Aswell, climate change has also played an important part
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[4]. Climatic factors are key factors that are controlling crop production processes.
Solar radiation, rainfall and temperature fluctuations lead to water deficit, changing
in soil moisture content, flood, pest, and diseases outbreak that limit crop growth and
can account for 15–80% of the variation of inter-annual yield resources [35]. It has
already been a global consent that climate factors and their changes play an important
role in agriculture, particularly in grain production which is the main essential sector
for feeding a population over theworld. Therefore, agricultural production is sensitive
to climate change, not only due to the direct impacts of changes in temperature and
precipitation but also due to changes in hydrological processes such as availability
of water resources and the demand for irrigation water. Agricultural irrigation has
an important role in the utilization of water resources as well as the distribution
of farmland [4]. Meanwhile, extreme climate events such as drought, flooding, or
drought immediately followed by flooding in recent years have led to severe negative
impacts on crop production [23].

It is well known from the rich literature of climate change and its impacts on grain
production, that there is growing evidence of crop yield response to current global
warming. Various approaches were used in such studies as using crop model to cal-
culate the contribution of weather to grain yield, simulation, and empirical statistical
approach such as linear regression analysis that has been mostly used for calculating
the impact of climate factors on grain yield. It was reported that had the increased
temperature by 1–2 °C during the paddy earring stage, could have decreased the
paddy rice production by 10–20% [36]. It is reported that climate change implies
further pressure on theworld’s food supply system. It affects food production directly
through changes in agro-ecological conditions which affects the overall food supply.
Extensive research shows that high temperatures, variable rainfall, floods, droughts,
and cyclones may cause a large decrease in global food production, especially in
developing countries. For example, the increase in temperature reduces the pheno-
logical phases of crops (i.e. planting, flowering, and harvesting) and affects plant
growth and development [37].

Several researchers have studied the probable impact of climate change on rice
production and conducted that it is pivotal to determine how climate change affects
rice production and water use efficiency to prepare plans and policies for adapting
the agricultural system versus the changing climate [37]. Chen et al. [23] indicated
a decreased rice yields associated with global warming in Philippines. They also
referred that in other Asian countries, long-term field experiments have also con-
ducted declining or stagnating yields in rice-based cropping systems. However, the
impacts of climate change on the future rice production is still under debate in the
three highest producing countries; China, India, and Indonesia. This is attributed
to the counterbalance between the beneficial effects of increasing atmospheric CO2

concentration and the exacerbation of abiotic stresses on crop growth, such as heat,
drought, and salinity. The available estimations are discordant and vary between an
increase of 10–15% in 2020 to 7–10% yield losses per every 1 °C increase in air
temperature. With the prominent role of rice as a staple food for humans and the
necessity of doubling crop production by 2050 to meet the proposed demand of
the global population, the efforts are still required to better understand the current
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knowledge. Currently, rice cultivators and stakeholders of the rice sector are already
applying adaptation strategies, varying from individual autonomous local reactions
to planned policy interventions, to mitigate the negative impacts of climate change
in the main producing environments. Nevertheless, less research has been dedicated
to analyzing the impacts of climate change on rice production in Europe, where rice
is the 6th most produced cereal. Even though not being a staple food crop in Europe,
rice plays a focal sociocultural and ecological role in manyMediterranean countries,
where the human consumption is steadily increasing. With elevated temperatures
because of climate change, heat stress could be more common on temperate rice
crop. Recent findings on rice physiology reveal that heat stress causing sterility in
the exerted part of the panicle may occur even inMediterranean countries, especially
in warm and humid years [4].

Egypt is one of the countries assuming to face damaging impacts of climate change
[34, 38], although its contribution to the global greenhouse gas (GHG) emissions
is 0.57% and despite the fact of not considering it in a non-annexe I country not
requiring any certain emission reduction targets under the Kyoto protocol. However,
Egypt has included in its National plans mitigation actions to reduce greenhouse
gas emissions from its main sectors contributing to climate change; energy, industry,
agriculture, and waste [34]. Agriculture in Egypt is one of the significant sectors
that is expected to be affected by climate change. Rice in Egypt is a strategic crop,
and it occupies the second class of the cultivated crops in Egypt [39]. He employed
the CERES-RICE model (a mechanistic, process-oriented model from grain cereals
that includes crop development) to understand physiological processes and yield of
rice production. He used actual measurements for rice production characteristics
in the comparison between present and future. He extracted meteorological data
representing in temperature, solar radiation, and precipitation for the years 1998 and
1999 from outputs of RegcM3. The climate data is used fromHADCM3 for SRES—
A2 Scenario for 2040 and switched in RegcM3. The results of his work indicate
changes in flowering dates, physiological maturity, and production. He expected
over the country with the studied climate change scenario, the rice maturity period
is projected to diminish by 20% and yield to decrease by 25.8% on average. As
well, it is conducted that rice production in Egypt will be declined under expected
climate change. Subsequently, a gap between rice production and consumption will
be created. Furthermore, when the increased population is considered, this gap will
widen. Therefore, in the face of climate change, better understanding of climatic
impacts on rice production is vital to identifying solutions that will enhance current
food production and increase the adaptability of these systems in the future [35, 40].

The acceleration in global Sea Level Rise since the last decades of the 20th
century is one of the most evident consequences of the higher temperature as the
main impact of climate change. This phenomenon has been considered in all the
Assessment Reports published by the Intergovernmental Panel on Climate Change
(IPCC). IPCC provided different scenarios of the sea level rice in 2065 and 2100,
with the worst one estimated as 0.98 m in 2100 [41]. Sea level rise as a result of both
natural and human-induced climate change, it is one of the main reasons of salinity
intrusion into soil and groundwater. Considering other forms of lands, deltas are



Rice Production in Egypt: The Challenges of Climate Change … 307

easily vulnerable to sea level rise. For instance, several studies found that Nile Delta
and some other deltas are facing constant inundation and saline intrusion because of
exposure to the sea [42]. He added that the predicted sea level rise due to climate
change would submerge a lot of low-lying lands worldwide by 2050, and salinity
intrusion will be more severe. It is also emphasized on that the worldwide low-lying
areas; the main alluvial coastal plain; is accounted as one of the most vulnerable
areas by sea level rise. They highlighted the Nile Delta, Egypt, in the Mediterranean
area and mentioned that currently, about 10% of the global population already live
in low-lying coastal regions, between 0 and 10 m above sea level. They also reported
that the sea level rise associated with global warming is also intensified by local
factors, such as the subsidence, due to both natural and anthropogenic causes [41].
It is found in the study of [43] on the impact of sea level rice on Nile Delta, Egypt
that that mean sea level is projected (based on IPCC scenarios which generate by
MAGICC/SCENGEN program) to rise by 14.0 to 18.9 cm between 1990 and 2100,
for the full range of all scenarios. The range between the best case A1 (low) and the
worst case B1(low) is 4.8 cm. This will affect the developmental activities in these
areas due to heavy population and high productivity of the best fertile areas in Egypt.
The results of all scenarios show that A1+ land subsidence was the highest case,
ranged between (48.2 and 48.9 cm), while B1+ land subsidence was the lowest case
(44.0–44.1 cm) till the year 2100. Therefore, in this context, the impact of climate
change on agriculture productivity, water shortage and shifting growing seasons can’t
be neglected in the Nile Delta. This is because the area is vulnerable to negative
impacts of climate change such as loosing, salinization of considerable areas of
cultivated lands (because of rising sea level) and rapid decomposition of OM as
result of increasing temperature. It is expected also in the study of [44] that relative
sea level rise in the high scenario increases the amount of land risk from inundation
in the northern Nile Delta by 300 km2, or more than one-fifth of the total agricultural
land in the northeast Nile Delta only. As well they added; all crops are projected to
have a decrease in yields and an increase in irrigation needs. All these will lead to
a decline in C and N in agricultural soil. Thus; under such previous stresses on C
and N in North Nile Delta Egypt as a result of climate change and water shortage
due to establishing GERD, the actions should be taking towards either mitigation or
adaptation of this stresses.

7 The Impact of Water Deficiency on Rice Production
in Egypt

Egypt covers an area of about 1.0 million km2 [45]. The Nile valley plus Delta
region cover about 4% of this area [46]. Agriculture is practiced over an area of
approximately 3.5 million ha, involving recently reclaimed lands. As a highly pop-
ulated country with a population of approximately up to 90 million, Egypt is an
agriculturally based country. Agriculture remains a major sector and a very lifelike
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component of the economy. Even though its performance stayed relatively modest
in the last few years, it has successfully attracted considerable investments. Agricul-
ture employs about 31% of the labor force, and about 14% of the GDP is produced
by agricultural production. Because of the favorable agro-climatic, perennial water
supplies and rich fertile soils, Egypt produces a diversity of crops, vegetables, and
fruits for feeding its population and earning foreign exchange through exports. The
country’s main crops include cotton, rice, wheat, sugarcane, beet, clover, fodders,
vegetables, sesame, peanut, sunflower, beans, lentils, and onion, in addition to fruits
such as citrus and dates [45].

Water resources in Egypt are limited to the Nile River, rainfall, and deep ground-
water [47]. The water of the Nile River has a great value for Egypt as it provides
approximately 95% of its water needs. Egypt’s portion of the water of the Nile River
is almost 55.5 billion m3. Agriculture uses most of it; about 85.6% of the used water.
This verifies the saying “Egypt is the Nile’s Gift” as Egypt does not have a large
portion of the rain, so we find that life in Egypt is concentrated on the sides of the
Nile and any shortage in the of supplied water in the river inevitably causes a dis-
aster. The Nile River stems from two springs in the upper lands in Ethiopia and the
lakes that cover parts of Uganda, Kenya, Tanzania, and Congo. Then the Nile flows
till North Cairo and reaches to its two main branches, Damietta, and Rashid (about
6680 km from its springs till the Mediterranean Sea) that end in the Mediterranean
Sea [48, 49]. The river revenue is featured by two main periods, flood period during
August, September, and October in which the river increases, and Althariq period
in the other months of the year in which the river revenue is declining a lot. The
annual revenue of the three major tributaries of the Nile is around 84 billion m3,
where approximately 48.7 billion m3 form the Blue Nile, 24.4 billion m3 of form the
White Nile and 10.9 billion m3 for the branch of Atbara [49]. With the fast growth
in the population and increasing water consumption in different fields, such as agri-
culture, industry, domestic use etc., it is supposed that Egypt will relay somewhat
on the groundwater to develop some new projects such as East Eweinat. There are
two main ways that can reduce concise demand with supply by reducing demand
or by increasing supply. Despite the increasing shortage of water, there are almost
no indications of efforts to reduce water demand in the three-main water-consuming
sectors [48].

In Egypt, water planning established in 1933 for using extra storage capacity that
was available after the second elevating of both dams of old Aswan and the Gabal
El-Awlia in Sudan. This plan generated programs for many purposes such as land
reclamation, conversion of some basin irrigation to perennial irrigation, and increases
the rice cultivation area. This strategy was first revised in 1974 and again in 1975
when a new plan was prepared to hold the further volumes of water resulting from
the construction of the Aswan High Dam. The multi-year regulatory storage capacity
posed by the Aswan High Dam was a reason for stability to Egypt water resources
by delivering a reserve storage capacity during years more than the requirements and
providing additional resources during loan year. Currently, adopting more efforts are
running for water management and application of different available water resources
[48]. Although there are several uses for water in Egypt, agriculture engages about
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85.6% of the used water; estimated by about 69.30 billion m3. A large portion of
this water is groundwater used directly, or after mixing with Nile fresh water, and
treating to be appropriate for using [49]. Rains are not sufficient and effective enough
to depend upon for production. Rain-fed agriculture is practiced in only 2% of the
total area. The per capita rate of Nile water is nearly 850 m3 year−1—under the water
scarcity—whereas the minimum per capita needs should be up to one thousand m3

year−1. Egypt is among 35water deficit countries in theworld. In Egypt, 87.7% of the
total water is being consumed by agriculture, 5.4% by industry while the total human
consumption touches the figure of 6.8%of the totalwater. For the irrigation of the new
land, each drop of water has become the focus of the government in Egypt. Efforts are
being increased to focus in the future on the enhancement of the irrigation systems,
the introduction of real irrigation technologies that could be effectively utilized to
irrigate the newly reclaimed agricultural areas. Modern irrigation methods such as
drip irrigation and sprinkler need to be used for overcoming the water shortage and
scarcity [45].

Rice is the second major staple crop and is considered the most profitable export
crop of the summer season. Egypt reported a 2.3% growth in production to a total of
6.9 million tons in 2008 due to a 5.6% extension in productive land. The increased
rice cultivation that has been resulted in a hike on international markets has added
pressure on water resources since rice cultivation is outstandingly water intensive.
Farmers practicefish-farming in ricefields to enhance a rice farmer’s income. In 2008,
because of water management policy, the restrictions were imposed on the area that
will be brought under rice cultivation, but policy proved ineffectual. Therefore, the
government placed an export forbid in for reducing the domestic price of rice. The
raising of the ban has allowed exports to increase again, and to benefit from the high
international prices of the commodity. Rice Cultivation also helped farmers to realize
higher profits as compared to other traditional summer crops [45].

Rice is easy cultivation crop with assured results. Local rice productivity is esti-
mated at around 3.5 tons/acre. The present practice of rice cultivation is requiring
fewer farming efforts, can satisfy farmers’ daily nutritional requirements as well as
can wash salty lands. A tendency to grow large patterns of rice throughout the Delta
is also created among farmers due to the free delivery of irrigationwater, according to
which rice becomes of better profitability compared to other crops. The deformation
inmaking cropping decisions promotes the extension of rice areas evenwith deficien-
cies concerning water requirements for the country reclamation strategy [12]. Rice
water consumption is approximately 2–3 times higher than is required for producing
other cereals, such as maize or wheat [10, 37]. In addition to the land and energy
issues, with most of the rice being grown under irrigated conditions, water is another
scarce resource that is crucial for rice production. Producing one kg of rice requires
around 2672 L of water-about 2.5 times the amount of water needed to grow a kg
of wheat or maize [13]. Despite the importance of rice production, it also adversely
affects the environment. For instance, besides the highwater extraction required for
rice production, heavy pesticide usage is another burning concern. Also, when rice
is flooded, it undergoes anaerobic processes, resulting in the formation and release
of large amounts of methane into the atmosphere [37].
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In Egypt, the Per capita fresh water availability was dropped from 1893 cubic
meters in 1959 to 900–950m3 in 2000, to about 670m3 in the year 2017 and the author
expected to decline further to 536 by 2025. The main reason behind this rapid fall
is the mixed water resources and the rising pressure from population growth. Water
resources in Egypt are becoming rare. Surface water resources originating from the
Nile are currently fully exploited, while groundwater sources are being brought into
full production. Egypt is facing growingwater needs, demanded by rapidly increasing
population, increased urbanization, higher standards of living and by an agricultural
policy which emphasizes intensifying production to feed the growing population.
The population is presently increasing by more than one million persons a year.
With a population of Egypt is expected to increase to about 100 million by 2025. The
most critical limitation facing Egypt is the growing deficiency of water resources
associated with degradation of water Quality [47]. As previously shown, rice is
usually grown in the Delta under continuous flooding. During most of the growing
season, expanding from May to October, rice fields are flooded understanding water
layers of variable depths. The outlined irrigation process reflects the intense need
for rice for water diversions. Exposed to temperatures ranging from 30 to 40 °C,
rice fields are subject to excessive evaporation in addition to percolation, causing
significant rates of water loss. Almost 50% of water amount diverted to rice fields
is consumed by evapotranspiration, and the rest is lost via percolation [12]. Despite
all the prior efforts for planning water resources management in Egypt, we still have
to make more attempts to achieve the required balance between the available water
resources and the high growth population and water needs subsequently [48].

The economic evaluation of crop production requires realizing the value of water
used in irrigation. Rural water pricing is not applied in Egypt based on a rule implying
free delivery of irrigation water to farmers. Nevertheless, assumed the underlying
natural resource limitations facing the country, it is necessary to guarantee efficient
use of water across introducing a value that reflects the vital concern for water as a
most important restrictive factor of Egypt’s agricultural production [12]. Upcoming
stresses on the Nile’s water promotes Egyptian demand to Egypt’s “historic rights”
of the Nile. Egypt relies on the Nile for 97% of its water needs. In line with current
aspects of water misusing, population growth and the possible redistribution of the
Nile’s resources to other riparian countries, Egypt confronts the challenge of coping
with severe future water scarcity. Water deficiency and limited arable land mean that
Egypt already depends heavily on food imports to satisfy its population demands
for food (Egypt imports 60% of its total food needs). Egypt’s agricultural sector
currently uses 80% of the country’s water resources. As the population growths,
water requirements will increase because of household and industrial use as well
to ensure the country’s food security by producing the food. Egypt’s dependency
on food imports makes it vulnerable to global food price rise and supply scarcities.
To mitigate the security risk, Egypt has to continue in land reclamation plans in
desert areas, which require huge water quantities and will place additional restricts
on the portions of other agricultural, industrial, and municipal water consumers. As
the population grows, the country will need more water than its current available
share; however, shifting geostrategic alliances among upstream countries mean that
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its allocation is likely to decline. Unless it goes on a large-scale modification of its
inefficient water networks, Egypt could go through upcoming major water crises that
could cause conflicts with its neighbors [50].

Currently, major challenge confronting Egypt is the crucial need for better devel-
opment and management of the available restricted resources of water, land, and
energy to face the needs of population growth [48]. The decreasing availability and
increasing costs of water menace the traditional way of cultivated rice under irri-
gated conditions. Hence, due to the increasing deficiency of water for agriculture and
competition from non-agriculture sectors, there is an urgent calling for better under-
standing water use efficiency in irrigated agricultural ecosystems [10]. In addition
to environmental and demand pressures and potential conflict, the Nile is threatened
by many environmental stresses, such as climate change, pollution, and degradation.
Climate change will put sever challenges for the Nile, including decreased river flow,
land degradation, the increased droughts and floods probability, and rising rates of
disease.Damestablishment on theNile is responsible forwatershed land degradation.
Population growth models in Egypt and upstream Nile countries, such as Uganda
and Ethiopia, will undoubtedly cause future environmental issues such as raising in
municipal, industrial, and agricultural wastes. Egypt has depleted the Nile’s water
resources by overdrawing its share, through projects such as the desert reclamation
in the Toshka Depression and the Sinai Desert by the Al-Salam Canal system [50].

7.1 Water Deficiency Due to Climate Change

Agricultural sector is one of the main water consuming sectors. The water used
for agriculture has reached about 59.30 BCM in 2009/2010. Under conditions of cli-
mate change, requiredwater to irrigate various crops are expected to increase to about
61.8 BCM in 2024/2025 as a direct impact of high temperature. This will be asso-
ciated with high efficiency of using water by some crops because of the increasing
concentration of CO2 [49]. Hence, the issue of water deficiency in Egypt, associ-
ated with its probable exacerbating factors such as economic, population and food
demand growth, climate change and the current debate over the share of the Nile’s
water among its ten basin countries) is widely documented in the recent literature
[51]. Climate change is impacting the Mediterranean region in myriad and distinct
ways such as sea level rise, increased frequency of flash flood events, droughts, or
periods of water shortage and rising temperatures. Observed trends and projections
for the future indicate a strong vulnerability to changes in hydrological regimes, an
increasing shortage of water resources and following threats to water availability and
management [5].

Population growth and economic development are motivating significant raise in
agricultural and industrial water demand. Water use in agriculture accounts for more
than two-thirds globally, including as much as 90% in developing countries. Much
of the demand is resulting from expected increases in the world population from 6.6
billion to about 8 billion by 2030 and more than 9 billion by 2050. Climate change
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will likely increase water demand for agriculture, mainly for irrigation, due to long
dry periods and severe drought, especially it is estimated at over 40% increase in
irrigated land by 2080. As well, it will likely increase water demand for billions
of farm animals due to higher atmospheric temperatures thus hydration needs. Also
climate change will likely increase water quantities that needed for industrial cooling
because of increased atmospheric and water temperature [52].

In the future, water may become more expensive, less available and allocations
will be less secure, especially for water-intensive activities such as rice. Rice indus-
try stake-holders and growers have already adopted a risk-averse approach. At some
place in the world such as California and Papua New Guinea, there is a flexible and
effective global supply network for warranting and processing to ensure continuous
supply through critical periods. At the farm level, during years of lowwater availabil-
ity, rice growers trade water as a tactical response and move to low water-intensive
or dryland farming. This, however, has caused highly variable rice supplies and has
filled some production gaps [53]. It is added that water has many competing usages,
but in the currently, climate change is further aggravating the water scarcity issues
by decreasing its availability for irrigation purposes. Approximately 15–20 million
ha of irrigated rice may suffer from water scarcity by the year 2025. Furthermore,
the upcoming increased concentration of atmospheric CO2 may increase the GHG
intensity of rice production. Therefore, improving rice varieties and better manage-
ment practices that need less water, land, and energy, and those that improve the
rice productivity is urgent in the 21st century. Also, a farmer seeking to cultivate a
given crop under increasingly the stress of water resources will utilize in the avail-
able adaptation options to improve the efficiency of water usage and will amplify the
adaptive effort because access to water resources becomes more restricted. At some
point, adaptation efforts under the existing regime will become inconsistent to the
benefits and a new adaptation action such as a novel irrigation system or altering a
crop will be needed to retain a farming livelihood [13, 54].

7.2 Water Deficiency Due to Grand Ethiopian Renaissance
Dam Construction

The Nile River is one of the most important rivers in the world. Eleven countries are
depending on the Nile River water; Burundi, Eritrea, Tanzania, Uganda, Ethiopia,
Rwanda, the Democratic Republic of Congo, Kenya, Sudan, and Egypt. Egypt share
from the Nile River fresh water is limited by a covenant signed in 1959 between
Sudan and Egypt where Egypt share is 55.5 Billion Cubic Meters (BCM) year−1 and
Sudan share is 18.5 BCM year−1. Most of the Nile River water comes mainly from
the Ethiopian plateau cross the Blue Nile and Atbara in the flood period of the flood
that starting from August to December. Ethiopia’s tributaries provide approximately
86% of the Nile River water. Ethiopia began constructing the GERD. In 2011, on
Guba that located on the Blue Nile approximately 60 km from Sudan and 750 km
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northwest of Addis Ababa. The GERD reservoir will extend for an area of 1874 km2

with a full supply of 640 m above mean sea level, with total and effective storage
volumes of 74 BCM. The main concern about the construction of Grand Ethiopian
Renaissance Dam (GERD) is the filling period of its reservoir which will decline
Egypt’s share from Nile River water and as a result affecting water security of Egypt
[55]. Thinking about the construction of the dam for power generation on the Blue
Nile started in the sixties in the 20th century. The U.S. Office of Land Reclamation
in 1964, has studied the establishment of around 11 dams, most importantly the
four large dams on the Blue Nile with a total capacity of 80 BCM and these dams
have been involved in the Nile Basin Initiative. However, the establishment of the
Renaissance Dam was announced with a total capacity of 74 BCM [i.e. five times
the size and capacity of the total of the four old dams in the American Studies (14.5
BCM)] [49].

Construction of GERD will have some negative implication on many sectors in
Egypt including agriculture and water deficiency. Lack of supplied water to Nasser
Lake due to water storage in front of the Renaissance Dam (by approximately 25–33
BCM year−1 unless there is pulling of shortage from Dam Lake) means wasting
approximately 3–5 million feddan of Egypt’s cultivated area. Each feddan requires
about 5 thousand cubic meters (CM) of water according to the estimation of the
Irrigation Ministry in Egypt. Therefore, the minimum of wasting cultivated lands
will lead to a lack of cultivated area of approximately 46.9%, while the maximum
wasting limit of cultivated land will be approximately 67.6% of cultivated lands.
As well, deficiency of irrigation water will lead to increasing the use of agricultural
drainage water for irrigation up to about 7 BCM year−1, which duplicate the salinity
3 times following irrigation and thus reaching the water to the banks again with
higher concentrations in each irrigation, which lead to increasing in water salinity
of agricultural lands in the Delta. Additionally; lack of water flow means stopping
all land reclamation projects, agricultural expansion, and ending of some great agri-
culture projects in Egypt such as Toshka project, Al-Salam Canal, and El Hamam
Canal in the Northwestern coast of Egypt. Anyhow, there will be an urgent need for
establishing many wastewater treatment plants, for treating contaminated water to
become suitable for irrigation, and also treating industrial wastewater and sewage,
which costs Egyptian country millions of dollars [49].

Based on the previous mention data, there will be a decline in rice cultivated
area which store C and N more than other cultivated areas, especially in the surface
layer. Already it is noticed obviously in Egypt this year that farmers are suffering
from drought and inability to cultivate their preferred crop; rice; as a result of water
shortage. Thus, loss of 50%of cultivated area in Egypt based on the previous scenario
of [49] will lead to a loss of approximately 50% of cultivated rice area also, the loss
of 50% of C and N storage in those soils (equal approximately third of C and N of
Egypt’s cultivated soils) because of converting rice to dry crops. Also; some soils
in Egypt, especially in North Nile Delta (more 95% or rice cultivation in Egypt is
concentrated in this area), is salt-affected soil; thus, rice cultivation is one of the most
important practices that lead to salinity leaching. Saline soil requires a huge amount
of water irrigation for salt leaching to be suitable for agricultural activities. In such
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case, rice cultivating could be the best solution, while, other areas with non-saline
soil could be cultivated with other crop types [56]. Furthermore, the negative impacts
on salinity on soil properties and productivity, salinity is one of the major sources of
declining net primary production the OM, C, and N in soil [57, 58].

8 The Effect of Agriculture Management Practice
on Enhanced Rice Production for Confronting
the Challenges of Climate Change and Expected Water
Deficiency

Enhancement agricultural productivity in the last five decades hasmainly been related
to energy-intensive systems for growing crops such as rice and wheat. A high input
conventional tillage and intensive weed management systems consist of primary and
secondary tillage implements. Furthermore, transplanted paddy cultivation demands
a huge amount of energy regarding labor for land preparation, puddling and trans-
planting. Transplanted rice paddy requires 4000–5000 L kg−1 of water for rice pro-
duction. Moreover, a huge amount of energy is required for application of water, as
well caused significant CH4 emission. On the progress of second-generation farm
apparatus and global concern about energy savings and GHGs emissions issues, zero
tillage, residue retention, green manuring, using of small farm machinery, real-time
N management through leaf color chart offer a platform to highlight these issues.
Among these techniques, zero-till transplanting without puddling provides a new
opportunity for energy and C saving [16]. As rice cultivation requires a great quan-
tity of water, the cultivation of rice in rotation with other crops that need low water
consumption in the dry season is an interesting option. Crop rotation in rice fields
can enhance the utilization of agricultural land [8].

As previously reported, the OM plays a fundamental role in a various biologi-
cal, chemical, and physical processes in the soil ecosystem; the SOC stock is one
of the essential indicators of soil health and quality. The SOC represents a large C
stock in the global C cycle, acting as a dynamic balance between C inputs (through
photosynthesis and deposition) and losses (via respiration, erosion, and leaching).
The SOC accumulation can convert atmospheric CO2 into stable organic C stocks in
the soil and sequester atmospheric CO2, to mitigate climate change. Subsequently,
increasing and sustaining the SOC stock is a critical issue for reaching desired soil
functions and sequestering atmospheric CO2. Therefore, in agroecosystems, the SOC
balance is affected by management practices as OM additions, fertilization, tillage
intensity, irrigation, and crop rotation. Thus, the utilization of organic amendments
such as farmyard manure, green manure, and crop residues has been recognized as
the most practical method for increasing the SOC stock [59]. The potential carbon
sequestration by improving soil C stocks via sustainable land management has now
been realized forworld agriculture.Management practices such as crop rotations, soil
tillage, fallow periods and water management could either reduce or increase soil C
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sequestration. Paddy fields are documented to have higher SOC storage, and seques-
tration compared to drier croplands. Organic C accumulation in paddy ecosystems
was faster and more distinct than other arable ecosystems because OM decomposi-
tion is reduced in lowland rice fields apparently due to extremely reduced conditions.
As well, the deficiency of oxygen for microbial activity under submerged conditions
results in a decline in the decomposition rate. Incomplete decomposition of organic
materials has been reported in addition to decreased humification of OM under sub-
merged conditions, causing net accumulation of OM in paddy soils. In the long
term, soil management governs the weathering and mineral formation as well as
accumulation of organic nitrogen in paddy soils. The suggested mechanisms for the
accumulation of SOM in paddy soils are known as an occlusion in aggregates, the
formation of organo-mineral associations, the addition of pyrogenic OM [25].

Over recent years, the scarcity and competition for water have been growing
globally, and opportunities for developing new water resources for irrigation became
increasingly limited. Rice as a dominant irrigated crop, representing about 30% of
the total irrigated area. More than 50% of the rice area in the world is irrigated. With
water becoming scarcer, the future of rice production will, therefore, rely heavily
on developing and adopting efficient water use strategies and practices in irrigation
schemes. This situation applies in many parts of the world; however, it is particularly
critical for the Near East region because water is among the most limiting factors for
general development and particularly for agriculture [2].

Rice cultivation is known as an important emitter of greenhouse gases emission
especially methane (as a result of rice management practices, rice straw burning after
harvesting and machinery activities [29]. However, some studies such as [2, 29, 60]
recommended that changing management practices (such as decreasing ploughin,
converting to agriculture conservation, replace burning of rice straw to some other
uses and balanced fertilizer application) will lead to mitigating of greenhouse gases
emission from rice cultivation. As well, such management practices improve build-
up of soil organic matter stocks and enhance the environmental impacts of current
management practices.

9 Conclusions

Agricultural soils in North Nile Delta Egypt is vulnerable to water shortage and
climate change. Rice system in this area has higher C and N pools. However the
area of rice production is expected to decline because of many reasons such as
Establishing GERD and climate change. Management practices should be taken into
consideration to avoid such decline in those soils and consequently decline in SOC
which considers one of the most important methods to mitigate climate change if
sequestered in the soil. Sequestering SOC decline CO2 in the atmosphere where CO2

is one of the most important GHG that cause climate change. Therefore, the attention
should be paid for soil C sequestration in the North Nile Delta Egypt for balancing
the excepted decline in C and N, due to reducing rice cultivation area because of
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many challenges such as climate change, water deficiency and sea level rice, as well
for climate change mitigation.

10 Recommendations

1. Enhancing soil C stock should be considered not only for climate change
mitigation but also for improving soil quality and agricultural productivity.

2. Rice field is one of the most important fields maintaining soil organic matter and
soil C, therefore the quality of these fields should be enhanced or conserved.

3. Under the expected deficiency in water, rice cultivation should be directed in
saving water and maintaining soil C through finding new cultivars consume less
water and new methods reduce irrigation water.
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Nano-technology for Real-Time Control
of the Red Palm Weevil Under Climate
Change

El-Sayed Ewis Omran

Abstract The Red Palm Weevil (RPW) is a devastating insect on the date palm in
the Arabic countries. It causes considerable damage to date palm plantations. All the
stages of insect are hidden inside the palm tree and larvae feed on the interior tissue
of trunk. For this reason, the detection of infection in the early stages is very difficult
or impossible and when the action of the pest is discovered, normally it is too late for
recovering the tree. The current measures used to control the insect are not effective
enough to succeed in eliminating the insect because of the great difficulty in early
detection of infection and reaching all life stages inside the trunk. The objective of this
study is to detect the presence of living stages of RPW, which are hidden in the palm
tree. Sensors and nanoparticles have useful applications in detection and treatment
of the date palm. The study revealed that using Nano-techniques such as an acoustic
sensor, thermal sensors as fingerprints, the infection of RPW can be discovered in
early stages. The results of the audio analysis would be reported wirelessly to a
control station for subsequent processing to send warning messages to be accessible
via the Internet. Nano-thermal sensors are efficient to detect the existence of the
RPW through its thermal properties. Also, using Nano-minerals as a treatment for
the already Red Date Palm Weevil is important. The nanoparticle minerals (Rutile,
Anatase or Brookite) were used and prepared in Moringa oleifera leaves extract to
control RPW. The plant-mediated biosynthesis of nanoparticles is advantageous over
chemical and physical methods because it is a cost-effective and environmentally
friendly method, where it is not necessary to use high pressure, energy, temperature,
and toxic chemicals. Also, using ultra-sonic sensors prevent the RPW to attack the
date palm trees. Unlike traditional methods, which are time-consuming, and labor
intensive, these types of methods offer the advantages of keeping the palm trees
intact; reduce costs, aswell as saving time andmoney in the process of pest infestation
detection. Nano-minerals extract (NME) drastically decreased developmental stages
ofR. ferrugineus. The compound is a 100%natural solution. It is derived fromnatural
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plants and minerals that can significantly aid in controlling RPW. Also, it is safe to
use on all plants and crops including natives.

Keywords Pest detection · Acoustic signal ·Wireless sensor networks · Red palm
weevil · Arab countries

1 Introduction

Date palm, Phoenix dactylifera L. (Arecaceae), is one of the earliest plants that
had been cultivated for its fruit for at least 5000 years BC [1] and most important
fruit trees cultivated in the Middle East and North Africa including Egypt [2]. One
of the major threats to dactylifera over the world is the red palm weevil (RPW),
Rhynchophorus ferrugineus (Olivier), (Coleoptera: Curculionidae) [3]. RPW is an
economically important invasive tissue borer that has a broad host range restricted
to palm trees, mostly young trees less than 20 years old [4, 5]. Climate change will
profoundly affect the distribution and abundance of all species, including insects,
and promote ecology-driven changes in phenology [6]. Climate change may result
in a potential expansion of insect populations to polar regions and higher elevations
[7]. Increases in global temperatures will expand or reduce the range of insects by
converting climatically unsuitable habitats into suitable ones or vice versa [8]. Red
palm weevil is ‘global threat’ after spreading to 60 countries. Therefore, identifying
the potential distribution of R. ferrugineus under different global warming scenar-
ios is crucial if we are to develop effective prevention and control measures. The
integrated pest management strategy has been applied successfully to deal with the
RPW problem [9, 4, 10]. The duration of all life cycle parameters varies significantly
[5], which takes about 45–298 days. Several overlapping generations may also be
seen inside the infested palm [4]. RPWs are considered to be the most serious blight,
which threatens millions of palm trees in the Gulf region and the whole world.

Early detection and control timing of the RPW is an important topic to avoid the
extensive damage to palm trees, as well as the emergence and migration of adult
weevils [4]. The early prediction of insect pests helps the farmers to avoid heavy
sprays of pesticides and take the necessary actions to restrict dangerous infestations
[11]. Early warning of this pest may represent the only way to set up efficient actions
to fight the coleopteron in trees where it takes over, thus limiting it’s spreading
in contiguous palms. Different technologies have been applied to detect the initial
stages of RPW pest infestation [12]. Smell detection of infestation by Dogs (Golden
Retriever) could be taught to recognize the chemical signatures produced by plant
feeding stages [13]. These dogs detect the smell of the ooze that exudes from RPW
infested date palm trees.Also, the gas sensor is one of this approach to detect the smell
of some volatiles, generated during the fermentation processes in the infested palms
[13]. “Anyway, gas sensors are not very selective and their response is influenced by
many other volatiles” [14].
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On the one hand, the most common method of detection is the visual inspection
[15]. Visual detection and control of the RPW is difficult due to: the concealed nature
of the pest life cycle [9] and the possibility of re-infestation of the treated palms with
migrating adults from neighboring trees. Since direct visual detection of the RPW is
quite difficult, the alternative detection method is needed. In nature, different sounds
and vibrations have different origins and different functions. Bioacoustics technology
andX-rays enable the detection of the early phase of infestation, however the usage of
X-rays is expensive, but the acoustic technology [16, 17] has the potential for reducing
the expense and dangers involved in the tree inspection. The acoustic recordings from
insects in trees often reveal signals with spectral and temporal features that make
them distinctive and easily detectable [18]. Sensitive microphones and dedicated
amplifiers enable detection of the movement and feeding sounds of RPW larvae in
palm trees [19]. Due to its high reproduction rate, the RPW prefers to live with no
other insects in one trunk, which gives a good base for acoustic detection [20].

Seasonal activity ofRPWcatches varied significantly amongmonths beinghighest
in the warmer seasons in March, April, and May in KSA, and Egypt [21, 22]. The
weevil activity was low during the monsoon between June and July. It became high
after the monsoon between October and November in Egypt while in KSA the pest
was more active during May with a second peak during November, and was low
during August and February [9]. Abe et al. [23] stated the difficulty for RPW to
overwinter in Japan, where winter temperatures is below 0 °C. When they measured
the temperature of damaged palm tissues, it was between 30 and 40 °C, even inwinter.
The temperature inside a palm is between 15 and 35 °C [24]. This suggested that the
temperature plays an important role in the detection of the RPW. The RPW feeding
causes intensive plant tissue fermentation, which increases the local temperature
(30 °C and above 45 °C) inside the crown/trunk [23, 25]. The temperature rise in the
center of the crown of heavily infested palms could be detected only when viewed
from above. The natural insulation of the palm tissue prevents detection in lateral
view and also the solar radiation interferes with the thermal imaging.

On the other hand, thermal imaging is a viable alternative to point measurements.
The tunneling insects destroy the vascular system of the palm and create local condi-
tions of water stress. This “crop water status” could be sensed through inspection of
the thermal portion of the spectrum of the reflected irradiation. Advances in remote
thermal images offer the potential to acquire spatial information on surface tempera-
ture [17] and thus facilitate the mapping of canopy temperature variability over large
areas. High-resolution thermal imaging systems have been used to evaluate the water
status of cotton [26, 27], wheat [28], vineyards [29, 30], olives [31] and peanut [32,
33]. Aerial thermal images are a promising tool to map the water status of date palm
trees [34].

Currently, there is no reliable instrument to detect infestation in the field [13]. To
the best of my knowledge, until now, rapid and comprehensive early detection and
control of RPW are not available in practice. There is a need to develop a system that
can replace traditional techniques. Therefore, the first objective of this study was to
propose an early warning system (portable and automatically) to detect the presence
of RPW along with its larva by sensing its (sound and heat) activity in offshoots. The
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second objective was to propose Nano-natural (plants and minerals) extract for RPW
treatment and cure. The last objective was to propose a Nano-ultrasonic system to
prevent the date palm field from infected RPW.

2 Life Cycle and Geographical Distribution of RPW
in Arabian Countries

Female of RPW bore into a palm tree to form a hole into which they lay an average
of 250 eggs, which take about three days to hatch. Larvae emerge and tunnel toward
the interior of the palm, inhibiting the palms ability to transport water and nutrients
upward to the crown. RPW larvae bore deep into palm crowns, trunks and offshoots,
generally concealed from visual inspection until the palms are nearly dead. Adults
live for 2–3 months, during which time they feed on palms, mate multiple times and
lay eggs. The adult is a strong flier that can move > 900 m in a single flight, and
as much as 7 km in 3–5 day [35]. All RPW stages (egg, larva, pupa, and adult) as
described in Fig. 1 are spent inside the palm itself and the life cycle (about 4 months)
cannot be completed elsewhere. Different laboratories suggest that a single RPW
female lays 58–531 eggs (28–30 °C and 70–75% relative humidity). The larvae live
for 25–105 days. The pupal period ranges from 11 to 45 days. The duration of the
life cycle from egg to adult stage was reported to vary from 45 to 139 days while
adult weevils were reported to live for 50–90 days [36].

Damage because of RPW may result in one of the subsequent symptoms (Fig. 1)
contingent on the phase of infestation: occurrence of channels on the trunk and base
of leaf petiole, gnawing sound due to feeding by grubs, oozing out of thick brown
fluid from the tunnels, presence of chewed plant tissues in and around opening of
channels with a representative fermented odor, fallen empty pupal cases and dead
adults around a heavily infested palm, breaking of the trunk or toppling of the crown
in case of severe and prolonged infestation and drying of offshoots in date palm [9].
Screening for infection with the RPW is very difficult because infected palm does not
quickly symptoms. This pest is especially destructive. This is because of the visible
symptoms only appear when the infestation is severe. By then, it is too late to save
the palm tree; therefore, only preventive actions are effective. Among these actions,
early detection systems are crucial to fighting against RPW pest. They can quickly
detect it in the early infestation stages and trigger the actuation protocol to save the
rest of the plantation.

The RPW is reported to attack 19 palm species worldwide. “This expansion has
been due to the movement of infested planting material from contaminated to unin-
fected areas” [37]. RPW has been identified as a pest of date palm in theMiddle-East
by FAO [4]. The RPW has detected in the Gulf area in the mid-1980s [38] then it
was able to cross the Red Sea as it was found in Egypt (Ismailia and Sharkyia gov-
ernorates) in 1992 [39]. Table 1 summarized the comprehensive information on the
different host species of the RPW and the different Arabian countries of record.
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Egg
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Date palm with first obvious 
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crown, with burrows and extracted 

pupal cases

Destroyed crown of a date 
palm

Fig. 1 Life cycle stages and damage symptoms of the red palm weevil

3 Materials and Methods

3.1 Quantifying of Individual Palm Trees

The image analysis is valuable for the counting of palm trees. Quantifying palm trees
manually are very time-consuming and complex task, because many factors involve
as physical and environmental conditions. High-resolution IKONOS images have
expanded, which can have the accuracy to view the plantation from many angles.

The system that merges both spatial imaging and spectroscopy is hyperspectral
remote sensing. Images produced from hyperspectral sensors contain much more
data than images from multispectral sensors and have a greater potential to detect
differences between land and water features. For example, multispectral imagery
was used to map forested areas. While hyperspectral imagery can be used to map
tree species within the forest. Jusoff [46] differentiated between the three activities of
remote sensing, i.e. detection, discrimination and identification. Detection involves a
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Table 1 Distribution of RPW and number of productive date palms in the Arab countries

Country of
recordsa

Year of first
detection

Governorate or
Province of the
first detection

Number of
productive trees
(×1000) [40]

References

Iraq 1918 – 8024.00 [41]

United Arab
Emirates (UAE)

1985 Rass El Khaima 16,342.19 [42]

Sultanate of
Oman

1985 Northern Oman,
particularly in
Buraimi,
Mahdah and
Musandam
areas

2457.00 [43]

The Kingdom of
Bahrain

1985 – 379.98 [42]

Qatar Doha 1985 – 335.30 [42]

Kingdom of
Saudi Arabia
(KSA)

1987 In a Palm
Nursery in El
Qatif district in
the Eastern
Province

12,000.00 [37, 42]

Egypt 1992 Al Sharqiyah
(Al Salihyah),
Ismailia (Al
Qassasin)

12,039.42 [39]

Kuwait 1993 – 312.21 [42]

Jordan 1999 – 104.38 [44]

Palestinian
Authority
Territories

1999 – 301.20 [44]

Syria 2005 Lattakia city, at
Bouka
Agriculture
school

72.60 www.
redpalmweevil.
com

Morocco 2008 Tangier 5760.00 [45]

Libya 2009 Tobruk in the
North East of
Libya

2100.00 www.
redpalmweevil.
com

Lebanon 2010 Sidon – www.
redpalmweevil.
com

aHost plant for all Countries is Phoenix dactylifera, except Morocco, which is Phoenix canariensis

http://www.redpalmweevil.com
http://www.redpalmweevil.com
http://www.redpalmweevil.com
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spectral signal that is consequential above the noise level. Discrimination is based on
the spectral signal to be detectable and difference from adjacent material. However,
identification is both discrimination and a spectral band. The abundance of spectral
information and power in distinguishing objects are the advantages of hyperspectral
data. However, it does not mean that the more bands are used, the better because
of the following points. There is an evident correlation between bands, which will
destroy the normal distribution of spectra and influence the classification accuracy. If
all the bands are used in classification without selection, the classification precision
will decrease instead of increase. Second, the more bands are selected, the more
training samples are needed to classify correctly. It is very difficult for hyperspectral
data to find sufficient and correct training samples that can meet the demand of the
classifier if too many bands are chosen in classification. Third, an increase of band
number in the classification will inevitably result in the increase in processing time
and cost that will reduce the processing speed and benefit.

3.2 Overall Nano System for RPW

Figure 2 shows the overall Nano system technology for RPW detection and control.
The starting point to achieve the main goal of detection and control RPW is the
building nano scale system. The presented Fig. 2 describes the overall design of the

Nano-
Technology

For RPW

Control and 
Prevent

Ultra-Sonic 
Waves Nano-Pesticide

Cure
Nano-Pesticide

Detection 

Near Sensing by 
Nano Sensors

Sound Sensor
for Small Area

Thermal Sensor
for Small Area

Remote Sensing 
by Sensors

Hyper Spectral 
Sensor for Large 

Areas

Hyper Thermal 
Sensor for Large 

Areas

Fig. 2 Overall nano system for RPW detection and control
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nano system for RPW detection and control. Three main approaches in the proposed
nano system are detection, cure, and control.

3.2.1 Proposed Audio Sensor Architecture

Three different kinds of sounds come from RPW larvae: “eating”, “squealing” and
“moving” have been identified [12]. “The first one corresponds to the characteristic
crunch sound produced when the RPW larvae chew internal palm fibers. The second
one “squealing” is also a characteristic RPW sound, but its cause is not clear” (http://
www.mdpi.com/1424-8220/13/2/1706/htm). Finally, the last one corresponds to the
larvae movement through galleries inside the palm trunk. For the current study, the
first one “eating” was chosen because (1) it is the loudest sound, (2) its frequency
is clearly superior to the other identified sounds, and (3) it is representative of the
RPW larvae feeding actions in the first stages of their evolution. Consequently, this
one is the proper target sound to analyze in our early detection sensor. The main
components of the proposed sensor architecture are as follows (Fig. 3):

• An audio probe, in charge of acquisition of sounds from theRPW, conditioning and
properly amplifying the captured audio signal, making it suitable to be processed
by the detection sensor.

• A low-power processor and supply, that will be able to run and “process the sound
captured by the audio probe and determine the RPW presence” (http://www.mdpi.
com/1424-8220/13/2/1706/htm).

Fig. 3 A prototype block diagram for the proposed RPW detection system

http://www.mdpi.com/1424-8220/13/2/1706/htm
http://www.mdpi.com/1424-8220/13/2/1706/htm
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• “A wireless communication interface, able to deliver data messages reporting the
results of RPW activity” (http://www.mdpi.com/1424-8220/13/2/1706/htm).

The audio probe provides the signal captured from the palm tree with the high-
est possible quality. The weight and size of the sensor must be small enough to be
installed on the palm tree. Concerning the audio acquisition task, there are two pos-
sible ways: First option uses four-wire audio interface. The use of an external audio
Coder/Decoder (CODEC) is mandatory. Some CODECs include an amplification
stage, which may be an advantage. The second option uses the Analog-to-Digital
Converter (ADC). The audio implementation should be done using the on-chip ADC
of the microcontroller to digitalize the audio. The advantage of this option is that
the parameters and power consumption of the amplification stage may be fine-grain
designed, so we have decided to use this approach in our sensor. Regarding the power
supply, the sensor measured consumption rises up to 200 mA when performing the
detection process. Four stages for RPW detection are identified: sound acquisition,
digitalization, audio analysis, and transmission of results. Finally, the radio interface
is up to create a reliable point-to-point outdoor communication over distances of
30 m. The 30 m maximum reliable range has been proposed after performing some
experimental field tests with two sensor prototypes.

The audio probe is composed of three elements: the microphone, the probe and
the signal conditioning stage. A wireless microphone contains a radio transmitter. It
transmits the audio as a radio rather than via a cable. It sends its signal using a small
FM radio transmitter to a nearby receiver connected to the sound system. To assign
the sound sensor to the palm tree, two distinctive probe designs were considered. The
first comprises of appending the sensor to the palm tree surface. The fundamental
benefit of this approach is the low or even invalid effect on the palm tree structure.
A 1 cm diameter circle has been sanded down to accommodate the sensor, which
is held with a strap around the palm tree. Experiments have demonstrated that it is
very difficult to settle the sensor close to the stem. Likewise, this appending strategy
leaves the sensor visible to environmental noise, which in urban zones and parks may
be higher than sounds originating from the palm tree trunk. The second option was
to utilize a nail to embed the sensing or detecting device inside the palm tree. This
alternative gives two focal points: The sensor is nearer to the sound source and it is
confined from outside noise. The fundamental disservice is the damage caused to the
palm tree, leaving a 1 cm diameter hole. It requires being amazingly cautious when
removing the probe, filling the influenced area with proper putty material and/or
painting it with a fungicide. An aluminium probe was used because it is resistant to
corrosion and easy to work, with a 10 mm of interior diameter, and around 10 cm
of length to get the maximum sound transmission and to avoid an excessive injury
to the palm tree. Finally, the microphone has been situated on the outer side of the
probe to get a better sound transmission, leaving the other end opened.

Once the audio sensor and the probe have defined (Fig. 4), some signal condi-
tioning was performed to deliver the microphone output signal to the A/D converter
with the highest possible quality (amplification stage). A printed circuit board (PCB)
has been planned, where two of the operational enhancers are utilized to amplify the

http://www.mdpi.com/1424-8220/13/2/1706/htm
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Fig. 4 Prototype of sensor installation

microphone output. Two extra speakers are utilized to create an active low-pass filter
at 10 kHz, to avoid aliases in the digital part of the acquisition chain. This board is
inserted in a plastic box, with an RCA connector for the microphone, a potentiometer
to adjust the desired gain, and two jack outputs, one for the headphones and the other
for the connection to an analog input of a microcontroller (a prototype is shown
in Fig. 4). The objective of this plan is the measured quality and adaptability of the
device: distinctive microphones might be associated with the amplifier, it tends to be
utilized by a human operator listening through headphones, or it can be connected
to the microcontroller for the self-ruling recognition.

During the sensor installation, the operator fixes the sensor (audio probe plus
sensor board) to the palm tree at the desired monitoring location. Then, the sensor
is configured using the Sensor Deployment Software (SDS) running on a portable
device (smartphone, tablet, laptop, etc.) with GPS support and equipped with the
control station radio interface (i.e., a USB dongle) which allows direct communica-
tion with the sensor. This device acts as a control station only during the sensor node
initialization/configuration stage, without requiring the synchronization with other
network nodes.

3.2.2 Thermal (Heat) Sensing for Detection of RPW Infected Trees

One of this study goal was to examine the ability to detect infected trees using
thermal images. The hypothesis was that the tunneling of RPW destroys the vascular
system of the palm and create local conditions of water stress. Mozib and El-Shafie
[47] show that the average temperature of the infested date palm was significantly
higher (32.60 °C) than the average temperature recorded at the same time both
inside the healthy trees (29.53 °C) and in the ambient atmosphere (29.35 °C). The
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average temperature of infested date palm increased slightly with an increase in
the infestation level with the highest being 32.80 °C. It is evident that temperature
differences between infested date palmonone side and healthy date palmand ambient
atmosphere on the other side could well provide a platform for identifying infested
trees.

Real-time analysis of a thermal image (TI) reveals if the tree is healthy if it needs
cutting or other remedial actions or has to be felled. A uniform surface temperature
distribution is present and the TI shows a uniform coloring if the tree is being healthy,
but if the color is not uniform, then decay/cavities may be present. 4–5 thermal
images are normally enough to understand the conditions of a whole tree. A quick
assessment normally requires 2–3 min, while an in-depth analysis (with detailed
visual shootings, a record of the tree characteristics and details, etc.) which is less
than 10 min. The used technique requires less time than any other technologically
advanced investigation system. The system has been used in all weather conditions,
by night and day, in the summer and winter, with temperatures ranging from +2 to
+35 °C.

3.2.3 Nano-minerals Technology for Controlling RPW Under Climate
Change

There have been several setbacks in controlling RPW using synthetic insecticides.
The conventional pesticides are costly and may result in: high mammalian toxicity,
high level of persistence in the environment, health hazards, toxic residues on food,
adverse effects on non-target organisms and pest resistance as well as a toxic effect
for the users [48]. Therefore, the feasibility of new and more safety biopesticides
like natural oils, pathogenic bacteria, pheromones, and nematode is needed. Many
investigations have been conducted on the antifeedant effects, growth inhibition and
abnormal development in RPW caused by using natural insecticides with little or
no negative impacts on the environment and not toxic to mammals [49, 50]. “One
solutionwould be to replace synthetic chemicalswith compounds that occur naturally
in plants” [51]. Khalid et al. [1] used the powders of Argel (Solenostemma argel Del.
Hyne.), usher (Calotropis procera Ait.), and two desert plants to control the insect
pests. They found that there was an increase in the mortality of the insect as well as
the yield of date palm. The antifeedant activity of three essential oils extracted from
twoplants of theAsteraceae family namely, Croftonweed, Eupatoriumadenophorum
Spreng and Indianwormwood,Artemisia nilagiricawas evaluated byParaj et al. [52].
The essential oils were found to be effective against the weevil. Several workers [53,
54] had also reported the efficacy of neem extracts against the weevil.

Materials at the nanoscale behave differently than the same material at the bulk
scale. Nanoparticles are used due to their special properties stemming from their
surface area, shape, electronic, and optical behavior. “Their size is typically between
1 and 100 nm for at least two of their dimensions” [55]. Titanium dioxide or Tita-
nium (IV) oxide (TiO2, CAS no. 13463-67-7) exists in nature in one of three crys-
talline forms, which are anatase (CAS no. 1317-70-0), rutile (CAS no. 1317-80-2),
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Rutile (Tetragonal System) Anatase (Tetragonal System) Brookite (Orthorhombic System)

SEM Nanotubes image Spectral signature SEM and TEM Nanofibers image

Fig. 5 Different minerals and their structures used as a source for Titanium dioxide. Transmis-
sion electron micrograph (TEM) and scanning electron micrograph (SEM) images. Adopted from
Vijayalakshmi and Rajendran [56] and Wang [57]

and brookite (12188-41-9). These three crystalline forms of nanoparticles minerals,
which potential for RPW controlling have 95% TiO2 (Fig. 5). However, other tita-
nium minerals such as ilmenite, FeTiO3 (52.6% TiO2), perovskite, CaTiO3 (58%
TiO2), sphene, CaTiSiO5 (35–40% TiO2) have low TiO2.

The nanoparticle minerals (rutile, anatase or brookite) were used and prepared in
Moringa oleifera leaves extract to control RPW. Figure 5 shows the spectral signature
of titanium minerals and the procedure used to control RPW. The plant-mediated
biosynthesis of nanoparticles is advantageous over chemical and physical methods
because it is a cost-effective and environmentally friendly method.

In the current study, five doses (1, 2, 3, 4, and 5 ml L−1) of Nano-Minerals extract
(NME) were applied for studying its effect on the insect duration.

“Rutile is the thermodynamically stable form of titanium dioxide; anatase rapidly
transforms to rutile above 700 °C” (https://echa.europa.eu/registration-dossier/-/
registered-dossier/15560/4/1). Rutile melts between 1830 and 1850 °C [58]. TiO2

was obtained by a one-step procedure. The hydrothermal synthesis process was per-
formed under acidic conditions in a 0.59 M H2SO4 solution at 160 °C for 24 h or at
200 °C for 6 h using a titaniummetal complex with glycolic acid. Titanium dissolves
rapidly in hydrofluoric acid. The dissolution of titanium in hydrofluoric acid is prob-
ably an electrochemical process, based on the activity of local elements. Metal salts
added to the acid during the dissolution of titanium increased the rate in the following
order: Fe2+, Ni2+, Ag+, Cu2+, Au3+, Pt4+, that is, nearly the order of decreasing over
voltage of the corresponding metals. Mg2+ proved to be inactive while Pb2+ ham-
pered the dissolution reaction. A visible grayish blue film was formed on titanium
in concentrations below 0.5 N.

https://echa.europa.eu/registration-dossier/-/registered-dossier/15560/4/1
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4 Results and Discussion

4.1 Early Detection of the RPW Using Heat, Sound,
and Spectral Sensors (HSSS)

4.1.1 Sound Fingerprint for RPW Detection

Figure 6 shows an example of “eating” sound that was extracted from the system.
We can see the “eating” sound in both temporal, and frequency domains. Energy
distribution across wavelet subbands may be considered a spectral fingerprint of
RPW feeding activity, is an important feature to be included in our RPW “eating”
sound model. The fundamental frequency was found to be in the range of 200–
300 Hz, which is taken as the pass band of the Band pass filter. The detected signals
are clear and easy to identify. Every sound that is heard is caused by activities in the
trunk. Several different sounds of the RPW could be isolated. These sounds represent
different steps of the weevil development. The recorded sound stream is imported to
the Band Pass filter and we listen to the output of the Band Pass filter, which consists
of only the clicks through a speaker. If the clicks are heard, the tree is said to be
infested, else the tree is not infested. The following typical sounds caused by the
RPW was recorded: eating sounds from larvae, moving sounds from larvae, larvae
spinning a kokon, moving of a pupa, and sounds of digestion from larvae.

The “eating” sample in the temporal domain, determining its main duration in
terms of audio samples was analyzed. We need to know the beginning and ending
positions of “eating” sound inside a captured audio window using three parameters:
audio signal level, signal variance, and SNR level. These parameters are empirically
established to properly identify potential RPW sounds.

Fig. 6 A sample window containing the RPW “eating” sound captured at temporal, and frequency
domain
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Notice that not all of the “eating” samples have been recorded with the same
quality as the one shown in Fig. 6. There are “eating” samples with (1) different
noise levels, mainly due to the recording conditions, like sound probe placement and
environmental noise present at recording time, (2) different sound levels due to the
distance between the source RPW and the audio probe resulting in strong, average,
and weak “eating” samples, and (3) also different temporal extensions of “eating”
samples.

4.1.2 Thermal Map of RPW Defected Date Palm

By measurements, imaging and analyzing of infested and uninfested trees, results
partially showed that the RPW creates water stress and affects canopy temperature.
Analysis of thermal images of date palm plantation successfully detected infected
trees. Figure 7 shows the thermal image (TI), which can be considered as a real “ther-
mal map” of the tree under study. “It only shows the surface temperature distribution,
which is generated by the different thermal properties (especially conductivity) of
the underlying areas of healthy or decaying tissue” (http://www.treethermography.
it/about_treethermography.htm). The thermal conductivity in wood is mainly linked
to tissue humidity and decreases as the liquid content decreases: that is why the areas
with a cavity (no tissue) or decay (less heat-conveying liquids) have a lower surface
temperature than healthy areas. The more the decay, the lower the surface temper-
ature in the area covering it. The thermal camera detects this deficit in liquids at
the collar level because this decreases conductivity and consequently surface-bound
heat transmission.

Figure 7 shows that limited areas having a warmer temperature for no apparent
reason were sometimes spotted: when no rejuvenating tissue and vital tissue forma-
tions were found. The hypothesis that heat was emitted because of the initial activity
of a fungal or bacterial attack was put forward. The thermal camera does not “see
inside”, like the clinical thermometer that measures the human body temperature.
A surface temperature variation in a tree reveals something inside it that can cause
this variation. The area covering decay/cavities is colder than surrounding areas cov-
ering healthy tissue, because the absence of woody tissue (in the hole) and/or the
decrease in fluids in rotted tissue decrease thermal conductivity around there, and
subsequently the amount of surface-bound heat. Heat is somewhat delivered by the
tree metabolism and consumed from the outer condition and after that released. It
ought to be viewed as that wood is a decent protecting material, yet has a specific
thermal conductivity anyway.

4.2 Nano-minerals for Real-Time Control of the RPW

The present study also investigates the effects of Moringa oleifera on the activities
of Rhynchophorus ferrugineus larvae. Results showed that mortality increased in the

http://www.treethermography.it/about_treethermography.htm
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Fig. 7 Thermal image used as a real “thermal map” of the palm tree under study

larvae stage by using this prepared solution of natural extract with titanium dioxide
nanoparticles at concentration 100 mg L−1 and this was the best concentration used.
This innovative natural and non-toxic to humans does not affect the rights and health
of human, animal and bird. It is used throughout the year, even during the fruiting
period. So they are used in agriculture safety. It kills the larva through the digestive
system when it enters the digestive tract of an insect. It also kills by contacting and
so when the insect touches the treated surface upside insect. In this case, the material
penetrates the cover of the outer insect and affects the nervous system and therefore
die. It also kills through the respiratory tract or other natural openings in the body
where it affects them and succumbs. The effect of the killing depends on one property
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of the three properties. If the three properties exist at the same time, it becomes very
toxic to insect and eliminates decay in 180 s.

4.2.1 Injection Apparatus

The low-pressure injection unit was locally adapted as in Fig. (8) by using 1.0 L
plastic bottles, which were connected to canola apparatus by a rubber tube. The
aluminium probe was inserted into the hole and the flow rate was adjusted to prevent
overflow out of the injection pore. The bottles were fixed on the trunk 1 m above
the injection pore. The injection pores drilled within the dimensions of 25 × 0.9 cm
with a slope of 45° situated at 1.5 m above the ground. One pore per date palm
drilled, where the canola fitted in the pore by a stopper. According to our experience,

Fig. 8 Real-time control of the RPW and low-pressure injection apparatus
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it seems that there is no need to drill more than one hole per palm trunk to introduce
the pesticides inside the trunk as long as the pesticides moved out of injection sites
and distributed fairly in date palm tissues. The rapid pesticides distribution on date
palm trunk depends on upon the distribution of xylem and phloem bundles in the
trunk.

4.2.2 Effect of Proposed Nano-minerals Extract on the Different
Developmental Stages of RPW

Data in Table 2 show that Nano-minerals extract (NME) was high powerful against
larvae. The higher mortality (100%) occurred when larvae of R. ferrugenius was
treated with NME at a dose of 5 ml L−1 and the lower toxicity (35%) was obtained
after the larva was treated with the lower dose (1 ml L−1). The Pupal stage was
less affected by NME. The Pupal mortalities were 92% after treatment with the
higher dose (5 ml L−1) of NME. The lower adult mortality (18%) produced at a
dose of 1 ml L−1. Similar results were obtained against the red palm weevil, R.
ferrugineus reported by many authors. Abdullah and Nassar [59] reported that B.
chinensis oil, Abamectin, N. oleander and A. viridis extracts were effective and
reduced the eggs fertility of Spodoptera littoralis larvae. Bream et al. [60] suggested
that the lethal effect of B. chinensis oil was increased by increasing the age of pupae.
Nassar and Abdullah [61], reported that Azadirachtin was very toxic against the
different developmental stages of R. ferrugineus.

From the results recorded in Table 2, it shows that, duration was significantly
(p < 0.05) shortened by the effect of NME on larvae and adults of Rhynchophorus
ferrugineus. Also, durationwas dose dependent term, it decreased as increasing doses
ofNME.The pupal duration decreased, 30min as affected by the high dose (5mlL−1)
of NME, while the lower dose (1 ml L−1) caused increasing (160 min) of the pupal
duration (Table 2). Some authors obtained similar results by using precoceneII or
some plant extracts. Shabana et al. [62] use an aqueous extract of the whole plant,
Ageratum conyzoides contained precoceneII, verified reduction of larvae emergence

Table 2 Effect of nano-minerals extract on the different developmental stages and adult durations
of red palm weevil

Doses
ml L−1

% of larval
mortality

% of pupal
mortality

% of adult
mortality

Larval
duration in
minuets

Pupal
duration in
minuets

Adult
duration in
minuets

1 35 29 18 105 160 78

2 44 41 34 65 110 48

3 60 58 46 2.5 69 6.5

4 80 69 58 1.9 58 2.6

5 100 92 87 1.3 30 1.5

Control 1 0.25 0.21 – – –



338 E.-S. E. Omran

ofMeloidogyne incognita. Plant extract ofA. conyzoides inCitrus orchards sheltered
predators of the spider Panonychus citri, suggested that its development in orchards
is beneficial [63].

Treatment of insects, or their food with precoceneII causes growth inhibition and
increasing doses of precoceneII in larval instars result in different forms of effect,
one of them is extending the life period of larvae, which remain as ‘over-aged” larvae
of a wide variety of insects. Duration of the different developmental stages of the
red palm weevil, R. ferrugineus was dose-dependent shortened after application of
Azadirachtin [60, 61].

4.2.3 Spread and Direction of Solution Movement Inside the Trunk

To know the spread of the proposed aqueous solution, methylene blue dye was
injected into the trunk at a depth of 20 cm with a 45° angle and the volume of 1 L.
The anatomy of the Palm after 24 h of the treatment chain saw to where to take them
cross sections (Fig. 9) and longitudinal above and below the injection zone.

Fig. 9 Spread and direction of solution movement inside the trunk
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Fig. 10 Procedure used to control RPW

4.3 Echolocation and Ultrasound as an Acoustically Wall
to Protect Palm Trees from the RPW

Each type of behavior results in a certain oscillation of the cells in the insect. Exposing
the insect to the acoustic vibrations frequently leads to a change in the way the
vibrating cells. In other words, a change in the cellular vibrational frequencies. There
are frequencies make the brain cells vibrate dynamically active and positive and
increase the positive energy of the cells and vice versa is true. Therefore, the correct
frequencies may lead to the death or escape of the insect pest. The system (Fig. 10)
emits high-frequency sound waves (ultrasound) between 28 and 80 kHz, which are
much higher than the earshot of human beings and common pets (cats, dogs, birds,
fish, etc.). However, both rodents and other pests hear these frequencies that are
unpleasant to them. This is because the ultrasound uncomfortable for pests, and are
looking for a respite from these new disturbances in the surrounding areas.

5 Conclusions

The Red Palm Weevil (RPW) is a highly destructive pest of date palms in several
countries. Control of the RPW is difficult due to the concealed nature of the life
cycle of the pest, since palm trees do not show visual evidence of infection until it is
too late for them to recover. In this chapter, Nano-sensor system was developed for
significantly recognition of RPW in an earlier phase of the infestation and applying
the appropriate treatment. The early detection system proposed is based on acoustic
monitoring, as the activity of RPW larvae inside the palm trunk is audible for human
operators under acceptable environmental noise levels. The sensor can be installed
in palm tree and is able to analyze the caught audio signal during large periods of
time. The results of the sound analysis would be accounted wirelessly to a control
station, to be subsequently processed and conveniently stored. That control station
is to be open by means of the Internet. It is modified to send warning messages
when predefined alarm thresholds are achieved, thereby enabling managers to check
online the status and evolution of the palm trees. The results imply the efficiency
of the developed system to detect the existence of the RPW through its feeding
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sound. Nano-sensors for RPW thermal analysis is efficient to detect the existence of
the RPW through its thermal properties. Nano-minerals were used and prepared in
natural leaves extract to control RPW. Nanoparticles of TiO2 could be used along
withMoringa oleifera extract againstRhynchophorus ferrugineus larvae. The present
study revealed that NME extract drastically decreased developmental stages of R.
ferrugineus. The nanoparticle minerals are advantageous over chemical and physical
methods because it is a cost-effective and environmentally friendly method, where it
is not necessary to use high pressure, energy, temperature, and toxic chemicals. Ultra-
sonic sensors were used to prevent the RPW to attack the date palm trees. Unlike
traditionalmethods,which are time consuming, and labor intensive, this systemoffers
the advantages of keeping the palm trees intact; reduce costs, as well as saving time
and money in the process of pest’s infestation detection. The compound is a 100%
natural solution. It is derived from naturally plants andminerals that can significantly
aid in controlling RPW.Also, it is safe to use on all plants and crops including natives.

6 Recommendations

Current method recommended for the management of Red PalmWeevil, which have
focused on integrated different techniques involving Nano-sensor system, Ultra-
sonic sensors, and Nano-minerals extract. Raising awareness, applying incentive
and punishment system, re-evaluation of the current recommended management
practices, effective early detection technique, support to set up surveillance program
etc. are some of the major recommendations proposed to overcome the challenges
of RPW management.

The following is the proposed improvements/recommendations:

1. Raising awareness on RPW measures among all the stakeholders.
2. Strengthen the coordination and engagement of all stakeholders (farm-

ers/farmers’ cooperatives, NGOs, other law enforcement agencies etc.).
3. Urgent need to develop a fast and reliable, cost effective, and easy to handle

early detection device for RPW.
4. Implement aGIS aidedmonitoring system for efficientmapping, data collection,

analysis and management.
5. Use of natural/organic products to control RPW.
6. Develop a user friendly mobile application for reporting, data collection and

transmission.
7. Develop a GIS and spatial database to be used operationally by countries.
8. Use a remote sensing imagery to geo-reference palm trees in countries to be

used as primary base map in the GIS.
9. Establish a training programme for different categories of the users of the tools

(mobile apps, GIS, software).
10. Use of social media to expedite transmission of information is essential.
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Facing Climate Change: Urban
Gardening and Sustainable Agriculture

Eid M. Koriesh and Islam H. Abo-Soud

Abstract Measures to combat climate change encompass two primary titles:
removal of the maximum greenhouse effective gases and decreasing causes of green-
house gas emissions. The direct greenhouse gases are carbon dioxide, nitrous oxide,
and methane. Nitrous oxide is approximately 300 and methane around 30 times
than carbon dioxide at trapping heat in the atmosphere. Climate change affects and
is affected by all communities, but its treatment must begin with the actions of
individuals. Trees in the urban area strongly reduce pedestrian level heat stress by
absorbing and reflecting solar irradiance. Vegetation in gardens is one of the most
important components affecting climate change. Urban gardening, mainly consist of
trees resource, is a valuable asset. Trees’ benefits to the human being were most pro-
nounced in their contribution to environmental benefits. Thus, plants in gardens were
found to provide a particularly important function in mitigating climate change and
maintaining environmental quality of communities. Gardeners can help lessen the
global warming pollutants associated with waste disposal by turning leaves, grass,
woody garden clippings, and dead garden waste into mulch or compost, then using
it in the garden. Recycling these wastes will not only reduce methane emissions
from landfills but also improve garden’s soil and help it store carbon. One of the
innovative methods that reduces greenhouse gases emissions is to make and use
biochar. Because nitrous oxides is an important greenhouse gas, better management
of nitrogen fertilizers can reduce its emissions. The four main management factors
that help reduce nitrous oxide emissions from applied nitrogen fertilizer are com-
monly known as the 4R’s: right application rate; right formulation (fertilizer type);
right timing of application; right placement at the plant’s root zone as possible. So,
selecting right plants for urban gardens have a potential to influence Earth’s climate
by altering regional and global circulation patterns and changing the amount of CO2

in the atmosphere. Also, it is important to deal with the soil to minimize the harm-
ful impact it could cause to the environment. Planting appropriate tree species near
industrial complexes is critical for aesthetic value and gases mitigation.
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1 Introduction

Egypt is one of the potential susceptible countries to the effect of global warming
[1] and regarded as the fifteenth most populated country in the world with affected
human-induced of environment that would worsen the common problems [2]. This
due to the large and tightly packed population, and if climate change makes Egypt’s
climate drier or warmer pressure on agriculture would aggravate. Also, competition
among the limited water resources states for water could expand (even without cli-
mate change) in addition to increased warming, droughts and evaporation, reduced
flow in the Nile would further aggravate. Egypt’s problems and the country could
face an unstable situation.

We can summarize the impact of climate change on the Egyptian Agriculture
Challenges for Egypt in the 21st century as follows [3].

1. Sea level rise (as a result to temperature increasing)
2. Food Security (Land-, water-, and nutrients availability)
3. Poverty (income of farmers in rural areas)
4. Adverse impacts on human health
5. harm Egypt’s tourism sector.

Sea level is additional influence of climate change. Nile Delta is at present drop-
ping at a rate of 3–5 mm per year. A rise of 100 cm would flood one-fourth of
the Nile Delta, forcing about 10.5% of Egypt’s population from their family units
(homes, farms, animals [1] Fig. 1). The effects would be more overwhelming if
Egypt’s population, as predictable, doubles to about 160 million by the middle of
the century, with the current population density in Delta of around 4000 person per
mile2. As a consequence of sea level rise and flooding a great portion of Nile Delta
(the most cultivated area of Egypt’s land), food production and sources would not be
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Fig. 1 Average global changes in sea level from 1995 to 2015 [4]
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achieved Nearly half of Egypt crops, including wheat, rice, oranges and bananas, are
cultivated in the Delta. Contrariwise the rest of Nile Delta areas (not under water)
would also be affected, with salt water from theMediterranean Seawhichwill pollute
the fresh underground water used for irrigation. Also, agriculture activities and the
self-sufficiency of food will expose to an additional effect as a result of temperature
increase.

The decline in agriculture activities due to temperature increases is expected to
range from 10 to 60% (production of main crops will be 18% for wheat, 11% for rice
and 19% for maize). Such losses, if it is not planned and financed, will increase the
risk ofmalnutrition andhunger among the population [5]. The increase in temperature
will be associated with some changes in the ecological system and increase in air
pollution as a result of emissions, soil erosion, and wind speed.

The new climate situation would increase the amount of Saharan dust carried
across the country causing health troubles and economic problems. In all these
dimensions’ agriculture plays a crucial role.

Agriculture is threatened by climate change, responsible for food supply and
employs about 30% of Egypt’s labor force. Thus, a new criterion, “sustainable
agriculture”, is needed which addresses all these issues simultaneously! “Sustain-
able Agriculture” and climate change adaptation potential adaptation by adopting
cropping patterns:

(a) Salt resistant crops (where sea level rise in agricultural areas)—jojoba, quinoa,
sugar beets, rowbarley, safflower, sunflower,winterwheat, springwheat, canola,
and corn

(b) Less water-intensive crops. Farming practices such as using seed varieties that
require less water and mature in less time should be widely promoted in water-
deficient regions of India to help farmers reduce their vulnerability to climate
change. vegetables such as cluster beans, watermelon, gourds and cucurbits

(c) Heat resistant crops (millet and sorghum, multipurpose grain legumes (cowpea,
chickpea), barley, maize)

(d) Adaptation by adopting crop characteristics
(e) It is expected by 2050 that climate changewill raise water demand by an average

of 5% [6].
(f) Adapting soils, reducing the sources of greenhouse gases

Climate change is probable to have adverse effects on human wellbeing in Egypt,
which is able be aggravated by high population densities. These may incorporate
increments within the predominance and seriousness of asthma, and infectious dis-
eases, vector-borne diseases, eye cataracts, heat strokes and skin cancer. Additional
deaths from respiratory and cardiovascular diseases, dysenteric infection and diar-
rhea are expected. Children mortality frequency and malnutrition cases are expected
to be further frequent. Climate change will harm Egypt’s tourism sector through sea
level rises. The Nile Delta is home of many of Egypt’s tourism, and for cities like
Alexandria and Matruh City, the threat of a rising sea level will reduce both their
capability to sustain tourism as well as the desire of tourists to visit them. 49% of
Alexandria’s tourism industry would be underwater if sea level rose 0.5 m [7].
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2 Gases that Contribute to the Greenhouse Effect

Most climate scientists agree that the main cause of the current global warming trend
is the human expansion of the “greenhouse effect” warming that results when the
atmosphere traps heat radiating from Earth toward space. Certain gases in the atmo-
sphere block heat from escaping. Long-lived gases that remain semi-permanently in
the atmosphere anddonot respondphysically or chemically to changes in temperature
are described as “forcing” climate change. Gases that contribute to the greenhouse
effect include [4, 8, 9]:

1. Carbon dioxide (CO2)
2. Methane
3. Nitrous oxides
4. Sulfur oxides
5. Chlorofluorocarbons (CFCs)
6. Water vapor

Carbon dioxide (CO2), a minor but very important component of the atmosphere,
carbon dioxide is released through natural processes such as respiration and human
activities such as deforestation, land use changes and burning fossil fuels. Humans
have increased atmospheric CO2 concentration by more than a third since the Indus-
trial Revolution began. This is the most important long-lived “forcing” of climate
change.

The gardener may cause extra carbon dioxide to be added to the atmosphere in
several ways:

1. Using potting compost or peat;
2. Digging soil and leaving it bare so that the carbon in soil organic matter is

oxidized;
3. Using power tools which working with burning fossil fuel;
4. Heating greenhouses and swimming pools; and
5. Burning garden pruning.

Climate change is an issue requiring urgent action by everyone who is a part of
the global community. Reducing atmospheric carbon dioxide (CO2) concentration
through enhanced terrestrial carbon storage may help slow or reverse the rate of
global climate change. Since desertification is projected to increase in the future,
management strategies that increase carbon sequestration or decrease carbon loss
are especially important [10].

2.1 Methane

A hydrocarbon gas produced both through natural sources and human activities,
including the corruption of wastes in landfills, agriculture especially paddy cul-
tivation, as well as ruminant digestion and manure administration associated with
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domestic livestock. On amolecule-for-molecule basis, methane is amore extra active
greenhouse gas thanCO2, but also onewhich ismuch less abundant in the atmosphere.

Methane is one of a group of volatile organic compounds (VOCs) which include,
also, chlorofluorocarbon (CFC), formaldehyde, benzene and others [11, 4]. It is
produced both naturally and from man’s activities. Although methane has adverse
effects on globalwarming, there are little scientific studies concerning the importance
of plant species that can absorbmethane from the atmosphere. Studies have proposed
aerobic methane (CH4) emissions from plants, which increase the imbalance in the
global CH4 budget [9].

Plant management practices in forestry can alter soil conditions, affecting the con-
sumption and manufacturing techniques that manage soil methane (CH4) exchange.
Forestry control practices encompass quick-term outcomes of thinning, clean-
reducing and stump harvesting of coniferous forests usually consisting of pines,
spruces, and larches [12]. Also, studies of Sundqvist et al. [13] showed a net uptake
of (CH4) by way of birch (Betula pubescens), spruce (Picea abies) and pine (Pinus
sylvestris) which might be of significance for the methane resources.

There’s an indirect study to reduce methane emissions related to decreasing the
portions produced by way of cows, the biggest source of methane in the world.
The reduction of methane produced or deamination within the rumen are facilitated
with the aid of oregano oils [14]. Studies have observed that in a few instances, the
complement of dairy cow diets withOriganum vulgare leaves resulted in better milk
production, better feed performance and lowered the methane gas produced in the
rumen [15, 14]. Again, there are a few studies related to different sorts of unstable
organic compounds to whichmethane belongs andmay absorb by ornamental plants.
Gases studied were formaldehyde [16, 17] and benzene [18].

Agricultural practices inclusive of irrigation structures can affect methane cre-
ation through gardens. Drip irrigation combined with break up utility of fertilizer
nitrogen injected inside the water (fertigation) is generally taken into consideration
high-quality techniques for water and nutrient performance. As an outgrowth, its use
is turning into common. A number of the primary factors (water-filled pore space,
NH4+, and NO3− regulating the emissions of GHG (N2O, CO2 and CH4) and no from
agroecosystems can without difficulty be manipulated with the aid of drip fertigation
without yield penalties. Fertigationwith urea instead of nitrate of calcium accelerated
N2O and NO emissions through a component of 2.4 and 2.9, respectively. Day by
day irrigation reduced No emissions via 42% however elevated CO2 emissions with
the aid of 21% in contrast with weekly irrigation. Generally, weekly fertigation with
a NO3 ion based fertilizer is the satisfactory option to integrate agronomic produc-
tiveness with environmental sustainability. No relation among irrigation frequency
and N2O emissions. Observe shows that suitable management of drip fertigation, at
the same time as contributing to the realization of water and food security, might
also offer the hope for climate change mitigation [19].
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2.2 Nitrous Oxide (N2O)

Nitrous oxide (N2O) is an important GHG that contributes to climate change. It has
a long atmospheric lifetime (100 years) and is about 300 times better at trapping
heat than is CO2, even small quantities of N2O affect the climate. Nitrous oxide is
produced bymicrobes in soils. N2O is emittedmainly from fertilized soils and animal
wastes. Of the three major GHG emitted naturally—CO2, N2O and CH4; N2O is the
most important. Better management of N fertilizer can reduce N2O emissions [20].

Gardeners can help lessen the global warming pollution associated with waste
disposal by turning leaves, grass, woody garden clippings, dead garden plants, and
kitchen waste into mulch or compost, then using it in the garden. “Recycling” these
wastes will not only reduce methane emissions from landfills but also improve your
garden’s soil and help it store carbon [21]. Compost, which can be any mixture of
decaying organic materials (for example, plant leaves, animal manure, food scraps),
is created organisms that break down wastes into a nutrient-rich soil amendment.
While composting does produce global warming gases, studies indicate that the best
practices for creating and using compost have a smaller climate impact than land-
fills [22]. Climate-friendly gardeners may also choose to reduce their own personal
greenhouse gas emissions by growing and using carminative plants such as fennel
and garlic (can reduce intestinal gases such as methane [23]. Also, reduction in live-
stock product consumption on arable land use (which is a critical component of
the link with deforestation) will depend on how consumers compensate for lower
intakes of meat, eggs and dairy products. A switch from beef and milk to highly
refined livestock product analogues such as tofu actually increase the quantity of
arable land needed. A broad-based switch to plant-based products through simply
increasing the intake of cereals and vegetables is more sustainable. We estimate that
a 50% reduction in livestock production consumption would release about 1.6 Mha
of arable land [24].

2.3 Nitrous Oxide (N2O) and It’s Importance

Nitrous oxide (N2O) is an important greenhousegas that contributes to climate change
[25]. Because it has a long atmospheric lifetime (over 100 years) and is about 300
times better at trapping heat than carbon dioxide, even small emissions of N2O affect
the climate. Nitrous oxide is produced by microbes in almost all soils. In agriculture,
N2O is emitted mainly from fertilized soils and animal wastes—wherever nitrogen
(N) is readily available. In the United States, agriculture accounts for approximately
8% of all greenhouse gas emissions but contributes about 75% of all N2O emissions
linked to human activity. Of the three major greenhouse gases emitted naturally—
carbon dioxide,methane, and N2O—N2O is the most important. Better management
of N fertilizer can reduce N2O Emissions Natural part of the nitrogen cycle, but
human activities add more [26].



Facing Climate Change: Urban Gardening and Sustainable … 351

Gardeners, also, may add nitrous oxide to the environment by applying nitroge-
nous fertilizers, especially if it is applied to young plants when plants cannot make
use of the nitrogen, Burning garden waste [27]. So, Nitrogen dioxide is a major
component of the complex of photochemical air pollutants in urban areas.

Plant leaves can absorb many kinds of gaseous air pollutants, including NO2,
through their stomata, and consequently, they have a capacity to remove this gas from
the surrounding atmosphere [28]. NO2 absorbed by the leaves can be converted into
nitrate and nitrite, and then rapidly assimilated into organic nitrogenous compounds.

A powerful greenhouse gas produced by soil cultivation practices, especially the
use of commercial and organic nitrogenous fertilizers, fossil and gas fuel combustion,
nitric acid production, and biomass burning.

Soil Nitrous oxide emissions originate from three sources [29].

(a) Soil microorganism activity (55%);
(b) Organic manure applications (18%); and
(c) Nitrogen fertilizer applications (27%).

2.4 How Does Nitrogen Fertilizer Increase Nitrous Oxide
Emissions?

Gardeners add new N to parks and all types of gardens as synthetic fertilizers such
as urea or anhydrous ammonia, or rarely as organic fertilizers. When not taken up by
plants, most fertilizer N is mobile, hard to contain in the field and susceptible for loss.
Nitrogen from fertilizer can be lost as nitrate to groundwater or as the gases N2O,
dinitrogen (N2) or ammonia. Nitrogen applied in excess is particularly susceptible
for loss. Though the amounts of carbon and oxygen available in the soil also affect
microbial N2O production [30].

2.5 Management of Nitrogen Fertilizer to Decrease Nitrous
Oxide Emissions

Numerous management strategies can keep soil N in check and minimize N2O emis-
sions. Many of these strategies also help to keep other forms of N from being lost,
including nitrate and ammonia. In general, practices that reduce N2O emissions
increase N use efficiency (NUE), which keeps more of the added N in the crop.
The four main management factors that help reduce N2O emissions from applied N
fertilizer are commonly known as the 4R’s [31].

• Right N application rate;
• Right formulation (fertilizer type);
• Right timing of application; and,
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• Right placement.

Nitrogen availability is the single best predictor of N2O fluxes in ecosystems [32].
N2O emissions are especially high when N fertilizer is applied at rates greater than
plant need. The emission rate grows exponentially with increases in fertilizer rate,
so at higher rates of fertilizer application N2O emissions increase disproportion-
ately. Fertilizer formulations also can alter N2O emissions. The trend toward using
more urea in may help reduce N2O emissions. Fertilizer additives can also reduce
N2O emissions. Nitrification inhibitors such as nitrapyrin, which delay the microbial
transformation of soil ammonium to nitrate, can delay the formation of nitrate until
closer to the time that plants can use it [33].

Applying N fertilizer when it is most needed by plants can also help reduce N2O
emissions. Also, Placing N fertilizer close to plant roots can reduce N2O emissions.
For example, applying urea in narrow bands next to the trees and shrubs in hedges
can reduce N2O emissions [34]. An integrated approach is best suited to reduce
N2O emissions. The same principles of N fertilizer best management practices for
increased nitrogen use efficiency (NUE) hold true for reducing emissions [35].

1. Apply fertilizer at the economically optimum rate;
2. Use an appropriate fertilizer formulation;
3. Apply as close to the time of plant need as possible; and,
4. Apply as close to the plant’s root zone as possible.

2.5.1 Sulfur Oxides (SOx)

Sulfur oxide (SO2) is the component of greatest concern and is used as the indicator
for the larger group of gaseous sulfur oxides (SOx). Other gaseous SOx (such as
SO3) are found in the atmosphere at concentrations much lower than SO2. The sulfur
oxide is the most voluminous chemically active gas emitted from some industrial
processes such as chemical preparation, refining, pulp-making and solvent extraction
and burning of fossil fuels such as coal, oil and natural gas. Coal-fired power stations,
in particular, are major sources of sulfur dioxide, with coal burning accounts for 50%
of annual emissions, as explained by the Tropospheric EmissionMonitoring Internet
Service (TEMIS). But trace amounts of SO2 exert significant influence on climate.
Large volumes of SO2 erupted frequently appear to overdrive the oxidizing capacity
of the atmosphere resulting in very rapid warming [36].

A study carried out by Zhang et al. [37] at China conditions (which is one of the
highest countries in, SO2 emitter in the world [38]) revealed that urban native street
trees have a potential for purifying SO2 [39]. SO2 is a major air pollutant in devel-
oping countries. They added that many trees are seriously impaired by SO2, while
other species can mitigate air pollution by absorbing this gas. Planting appropriate
tree species near industrial complexes is critical for aesthetic value and pollution
mitigation. In their study, six landscape tree species were investigated for their tol-
erance of SO2: Cassia surattensis Burm. f., Ceiba insignis (Kunth) P. E. Gibbs &
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Semir,Cinnamomumcamphora (L.) J. Presl., Ilex rotundaThunb.,Lysidice rhodoste-
gia Hance and Michelia chapensis Dandy [37]. They measured net photosynthesis
rate, leaf sulfur content and other physiological parameters under 1.31 mg m−3 SO2

fumigation for eight days. Their results showed that the six landscape tree species
differed in their responses under SO2 stress. Based on these data, the most appropri-
ate species for planting in SO2 polluted areas (in China) was Ilex rotunda, since it
grew normally under SO2 stress and can able to absorb SO2. This study confirms the
importance of planting trees to absorb pollutants. Besides, the selection of trees to
be cultivated in different locations according to their efficiency in the disposal of the
most common polluter in this location. So, thismakes us say that planting appropriate
tree species nearby industrial complexes is critical for pollution mitigation besides
aesthetic value.

El-sadek et al. [40] doing a test for some ornamental plants to absorb SO2; NO2

and other gases. Among the tested plants, Chlorophytum comosum Variegatum and
Spathiphyllum wallisii displayed superior removal efficiency (Fig. 2).

Hence, SO2 is playing a far more active role in starting and controlling global
warming than known by the Intergovernmental Panel on Climate Change [41, 42].
Huge reduction of sulfur oxides should be a top priority for decreasing both global
warming and acid rain. Nonetheless, man is also adding two to three orders of mag-
nitudemore CO2 per year to the climate than one “large” volcanic explosion added in
the past. Thus CO2, a greenhouse gas, is contributing to global warming and should
be reduced [43]. Urban Landscape Plants and Sulfur Dioxide (SO2).

The total potential of purifying SO2 by trees was studied in China. The inte-
grated value of purifying SO2 including absorption by plant leaves in the Chinese
area Shenyang. Studies indicated that the maximum daily potential of purifying SO2

Fig. 2 Removal of formaldehyde, nitrogen and Sulphur oxides from the air inside sealed chamber
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of trees might be 12.19 kg km−2[39]. Supposed that the average annual absorp-
tion capacity for sulfur of trees in Shenyang area was 0.70 kg tree−1 and the aver-
age annual absorption capacity for sulfur of broad-leaved trees was 1.35 kg tree−1,
88.88 million broad-leaved trees would be required to purify the annual released
SO2 thoroughly. This number was equivalent to 12.9 times of existing trees. They
added that on the conditions of strengthening environmental protection and decreas-
ing 20% of annual released sulfur, if the broad-leaved trees were double of the
present number, SO2 content in the air might be below 0.06 mg m−3 and Shenyang
would become a standardizing city with clear air. In another study, six landscape tree
species belongs to subtropical area were investigated for their tolerance of SO2. They
were Cinnamomum camphora (L.) J. Presl., Ilex rotunda Thunb., Lysidice rhodoste-
gia Hance, Ceiba insignis (Kunth) P. E. Gibbs & Semir, Cassia surattensis Burm.
f., and Michelia chapensis Dandy. They determined net photosynthesis rate, stom-
atal conductance, relative water content, proline sulfur content and other parameters
under 1.31 mg m−3 SO2 fumigation for eight days. Their results revealed that the
tree species under investigation differed in their biochemical appearances under SO2

stress. Based on these data, the most appropriate species for planting in SO2 polluted
areas was I. rotunda, because it grew normally under SO2 stress and could absorb
SO2 [37]. Trees are adapted to remove SO2 from the atmosphere, thus donating to
air quality and community health [44].

2.5.2 Chlorofluorocarbons (CFCs)

Chlorofluorocarbons (CFCs) are compounds doing as greenhouse gases. CFCs, as
VOCs are unlikely to have any direct effect on the environment in the immediate
vicinity of their release. They may be somewhat involved in reactions to outcome
ground-level ozone, which consider cause injury to plants and other resources on a
local scale. At a global level, releases of CFCs have severe environmental impacts.
Their extended lifetimes in the atmosphere mean that roughly end up to the strato-
sphere where they can abolish the ozone layer, which protect the world from the
sun’s harmful UV rays. Although the amounts emitted are comparatively small, they
propagate then have a high powerful warming effect (a very high “Global Warming
Potential”) [45].

3 Soil Management Help Mitigate Climate Change

Good soil management can help to regulate emissions of three key greenhouse gases
(carbon dioxide, methane and nitrous oxide) from agriculture, which contribute to
climate change.

Climate favorable landscaping is an innovative method of cultivation ornamental
plants in urban gardens in ways which reduce emissions of different types of green-
house gases and encourage the absorption of carbon dioxide and methane by plants
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in order to aid the reduction of global warming. To be a Climate favorable landsca-
per means considering both what happens in a garden and the materials brought into
it and the impact they have on and climate. It can also include garden features or
activities in the garden that help to reduce greenhouse gas emissions elsewhere.

The gardens of ancient Egypt included Palace gardens, Pleasure gardens, Tem-
ple gardens and Funeral gardens. These gardens also produced medicinal herbs and
spices such as cumin, marjoram, anise, and coriander. These herbs can herb, indi-
rectly, for reducing methane gas produced by cows. In this concern Nowers [14] in
her thesis concluded that when oregano material was top-dressed and mixed with a
portion of the total mixed ration. Also, Tekippe et al. [46] fed cattle with 500 g of
common oregano (Origanum vulgare) leaves, for each cow per day for three weeks,
and he found that the methane produced by the animal rumen was reduced by 40%.

The environment is the framework in which man’s life. Human behavior, air qual-
ity and the emission of responsible gases affect the warming of the atmosphere and
the consequent effects of changes in the global map. The rising temperature is a
real and tangible phenomenon and future expectations are becoming clearly seen by
residents of the northern cold areas in the melting of ice and seen by residents of the
southern regions in the deadly hurricanes and the collapse of rocks. This is what the
researchers found through their study of tree trunks and how to form the ring forma-
tions in tree trunks and study the evolution of the ice mountains, which confirms the
continued warming of the atmosphere, which is known as global warming. Climate
change can alter rainfall, influence crop yields, affect human health, cause changes
to forests and other ecosystems, and even impact our energy supply. Climate-related
impacts are occurring over many sectors of the economy [25]. Global warming is
the result of human behavior, malpractice, industrial development and consumption
of energy in all its forms, resulting in different pollutants. Also, cows, which human
being man needs in his food chain, are known to let off a lot of gases including
methane. Their belching and flatulence are estimated to contribute to almost 20% of
global greenhouse gas emissions [47].

Tree foliage filter pollutants and particulates from the air, including dust, ozone,
methane, carbon, sulfur, nitrous oxides and other air pollutants according to their
morphological and physiological characters [48]. This mainly done through the pro-
cess of photosynthesis. Trees remove CO2 (a greenhouse gas, GHG) and release O2

into our air (Fig. 3). Trees store the CO2 (carbon sequestration), and according to the
foliage size, leaves survival and area of the tree—can hold between 15 and 350 kg
of CO2 each year [25].

4 The Balance Between the Carbon and Nitrogen Cycles
in Urban Forestation

Increasing Nitrogen deposition to urban forests can impact the balance between the
carbon and Nitrogen cycles. This Nitrogen source, if taken up and used by trees
can increase growth and carbon storage. Foliar uptake and utilization of inorganic
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Fig. 3 Relationship between trees (vegetation) and climate change

Nitrogen, such as NO2 and NH3, has been shown to occur, but utilization of organic
Nitrogen has not been demonstrated directly [49].

Slow-release formulations such as polymer coatings can have the same effect.
To improve the effectiveness of plant growth, more fertilizers are required, which

may become an environmental hazard, unless adequate technical and socioeconomic
impacts are addressed. Multifunctional slow-release nitrogen fertilizer has been
developed to improve fertilizer use efficiency and reduce environmental pollution
[37]. Same conclusion recorded by Ball et al. [50]. They found that NPK slow-
release fertilizer also maintained grass yields and was the most effective substitute
for the conventional NPK fertilizer for mitigation of N2O fluxes.

5 Impact of Soils and Plant Nutrients on Climate Change

Soils are highly variable due to differences in local geology, topography, climate,
vegetation, and management over thousands of years. Good soil management will
provide a range of wider environmental benefits.

The soil has the potential to be an effective regulator of climate change by storing
carbon and therefore reducing losses of carbon to the atmosphere [51].

Means to enhance storage of carbon in soil or avoid its loss from soil are, tech-
nologies that have until now received little attention. The main means by which soil
carbon might be increased are first listed, these are [52]:

– Increasing the rate of input of organic matter;
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– Decreasing the rate of its decomposition by biological or chemical means;
– Increasing the rate of its stabilization by physio-chemical protection within
aggregates and organo-mineral complexes; and

– Increasing the depth or more correctly the total soil volume sequestering carbon
at the maximum rate.

Urban forest or trees canopy can take up and use organic Nitrogen is really impor-
tant. Increasing Nitrogen deposition to forests can impact the balance between the
carbon and Nitrogen cycles. This Nitrogen source, if taken up and used by forests,
can increase growth and carbon storage [53].

Drip irrigation combinedwith the fragmented application of fertilizer nitrogen (N)
dissolved in the irrigation water (fertigation) is commonly considered best manage-
ment practice for water and nutrient efficiency in gardens (lawns, trees, shrubs and
shrubbery, grasses climbers and creepers, topiary hedges etc., some of the foremost
factors (water-filled hole space, NH4+, and NO3

− managed the emissions of GHG
(i.e. N2O, CO2 and CH4 and NO) from agroecosystems can simply be operated by
fertigation without yield disadvantages. Fertigation with urea (UR) instead of cal-
cium nitrate increased NO andN2O emissions by a factor of 2.9 and 2.4, respectively.
Generally daily irrigation reduced NO emissions by 42% but increased CO2 emis-
sions by 21% compared with weekly irrigation [19]. Dobbie and Smith [54] added
that the variances between N fertilizers are not stable during the year. They found
that at the end of spring and early summer applications, variations from ammonium
nitrate (AN) were larger than variations from UR applications (5.2 ± 1.1 kg N2O–
N ha−1 from the AN application, compared to 1.4 ± 1.0 kg N2O–N ha−1 from the
UR applications). Nevertheless, through the late summer application, there was no
changes between AN and UR (3.3± 0.7 kg N2O–N ha−1 from AN and 2.9± 1.1 kg
N2O–N ha−1 from UR).

5.1 Mineral Nutrition of Garden Plants and Climate Change

Efficient use of nutrient inputs on gardens is important for the climate, plant growth
as well as plant efficiency in absorbing CO2. By improving nitrogen efficiency, less
nitrous oxide will be released, reducing agriculture’s contribution to climate change.
Planning is necessary to balance nutrient supply to the demands of a plant type. A
planning approach essentially involves [55]:

– Testing, to establish what nutrients are lacking for every plant type (evergreen or
deciduous; woody or herbaceous; tree or vine; lawn or groundcover etc.)

– An assessment of the nutrient resources (not recommended to use manures after
garden establishment).

– A good plan must include all nutrient-based activities: safe and secure nutrient
storage, management and timely use according to recognized recommendations.

It is important to estimate, as accurately as possible, the amount of nitrogen
required by the plant and to apply it in response to periods of plant demand. The
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amount of fertilizer required will be influenced by growth potential, but also by soil
type, previous fertilizer and winter rainfall which will affect soil nutrient supply.

5.2 Opportunities from Powerful Plant Nutrient Making
Plans

1. Ability reducing within the lawn’s direct and indirect greenhouse fuel emissions
of nitrous oxide and in ranges of diffuse pollution.

2. Fertilizers should be accurately incorporated to meet each plant kind needs.
3. Greater green use of manufactured fertilizer can result in monetary financial

savings.

5.3 Risks of Not Carrying Out Plant Nutrient Planning

1. Using excess nutrients is uneconomic and might cause multiplied emissions of
nitrous oxide.

2. the usage of too little nutrient risks mineral deficiency and a tailing-off of plant
efficiency in decreasing pollutants [56].

3. Neglecting to measure soil nutrient substances via assessment or soil analysis
can result in incorrect choices on the amount of nutrient carried out, risking
additional greenhouse gas emissions and water and air pollutants.

4. If soil pH, phosphate, potash or Sulphur supplies are restricting then the nitrogen
carried out cannot be utilized successfully by garden plants.

5. Uneven spreading of implemented nutrients because of inconsistent substances,
or the insufficient preservation, placing and calibration of spreading device
can lead to excess nitrogen in a few components of the sphere and/or nutri-
ent deficiencies in different elements of the sphere, also main to poor nitrogen
utilization.

6 Innovative Methods that Reduce GHG Emissions

6.1 Biochar

Is charcoal used as a soil amendment. Biochar is a stable solid, rich in carbon, and can
endure in soil for thousands of years. “Biochar is under investigation as an approach
to carbon sequestration” [57]. Biochar thus has the potential to help mitigate cli-
mate change via carbon sequestration [58]. The efficacy of applying plant residues
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to agricultural soils as a carbon (C) source for microorganisms and C sequestration
is dependent on soil physiochemical properties, which can be improved by aggre-
gation using soil conditioners. Biochar and BP accelerated the decomposition of
plant residues as indicated by 14CO2 efflux, and resulted in reduced stabilization
of residues in both soils relative to that observed in the control and polyacrylamide
treatments [57].

“Biochar” is thought to be a useful soil amendment to reduce greenhouse gas
(GHG) emissions [59]. Biochar also improves the physical and biological properties
of soil, thereby allowing it to retain nutrients and enhance plant growth [60] and large
applications enhance C stock in soil [61].

6.2 Irrigation Methods and Fertilization

A field study was conducted to compare the emissions of N2O and methane (CH4)
as GHG under interaction between some irrigation methods (drip irrigation and
furrow irrigation) and fertilization regimes. The emissions of N2O andmethane were
significantly lower by fertilization through irrigation (fertigation). The key factor
affecting GHG production in agricultural soil is soil moisture. Optimum irrigation
can decrease GHG emissions by regulating the N and carbon turnover process in soil
through manipulating soil water content [62].

Drip irrigation is one of the water saving irrigation methods generally extended in
semiarid or arid regions, ever since it can reduce surface evaporation, surface runoff,
and deep percolation [63].

Water and mineral N fertilizer are directly supplied to the crop root zone through
a drip irrigation method to adjust to the plant requirements. Therefore, improving the
water and nitrogen use efficiency (NUE). Therefore, drip irrigation may have a large
influence on the nitrogen and carbon income in soil and decrease the N fertilizer
induced N2O or carbon-related greenhouse gas (e.g., CH4) creation, in relation to
ordinary furrow irrigation method [59].

7 Gardens and National Parks Soil Management Assist
Mitigate Climate Change [64]

Exact soil management can assist to regulate emissions of three key greenhouse
gases (carbon dioxide, methane and nitrous oxide) from agriculture, which make
contributions to climate change.

• Including the addition of nitrate to soils, whether or not in fertilizer or mineralized
natural be counted, will increase the chance of nitrous oxide emissions. The risks
of nitrous oxide release are finest in wet, warm and clay or compacted soils, and
where levels of decomposable natural organic matter are excessive.
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• Decreasing compaction will improve nutrient uptake in the soil and assist lessen
the discharge of nitrous oxide.

• Green nitrogen control can reduce nitrous oxide emissions, byminimizing residual
nitrogen.

• Use an identified nutrient control plan and observe fertilizer recommendations.
• Reducing the intensity and frequency of disturbance will assist guard soil carbon
sinks.

7.1 Role of Urban Landscaping to Reduce Greenhouse Gas
Emissions and Absorb Carbon Dioxide

7.1.1 The Relationship Between Gardens and Climate

Scientists agree that global warming is properly underneath manner, the result of a
buildup within the ecosystem of carbon dioxide (CO2) and different heat-trapping
gases generated using human activities consisting of the burning of fossil fuels.When
an excessive amount of worldwide warming pollution is released into the air, it acts
like a blanket, trapping warmness in our atmosphere and changing climate patterns
around the world. This climate disruption is in all likelihood to have huge-ranging
consequences no longer most effective for our health and nicely-being, but that of
other living things as well.

Woody plants can uptake atmospheric organic nitrates [53], so increasing nitrogen
deposition to city trees can impact the balance of the carbon and nitrogen cycles. This
nitrogen source, if taken up and used by urban trees, can increase growth and carbon
storage. Foliar uptake and usage of inorganic nitrogen, such as NO2 and NH3, has
been proven to occur. However utilization of natural nitrogen has not been proven
without delay. Woodland canopies can suck up organic nitrogen compounds made
from pollution and turn them into beneficial amino acids.

Vegetation is already known to use their leaves to absorb inorganic airborne nitro-
gen molecules, which includes ammonia or nitrogen dioxide, and turn them into
amino acids, and a distinctly reactive compound referred to as peroxyacetyl nitrate
may be absorbed through leaves.

Many trees emit reactive volatile organic compounds (VOCs), the most common-
place of which is known as isoprene. These VOCs are so reactive that they speedy get
consumed up in the atmosphere, and some react with nitrogen oxides (NOx), emitted
from combustion in engines, to form longer-lived organic nitrate compounds, extra
stable than peroxyacetyl nitrate. Studies about how seedlings of the trembling aspen,
a significant North American local and an isoprene emitter, reacted to an analogue of
those compounds referred to as 1-nitroxy-three-methyl butane [53]. The researchers
tracked two amino acids: glutamate, the primary amino acid the tree makes from
absorbed nitrogen compounds, and aspartate, that is shaped further downstream in
the biochemical method.
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Many homeowners already see proof of global warming in their backyards. Sum-
mers are getting hotter, and generally milder winters. These adjustments could make
re-planning your garden, which flowers to select, how soon to put new seedlings
within the ground, and while to harvest veggies, greater of a challenge. At the same
time as a longer developing season will gain a few gardeners, weather disruption is
likewise projected to boom the frequency and severity of extreme climate [65]. Gar-
deners and landscapers can do extra than merely adapt to worldwide warming, but,
wherein they could make alternatives in their gardens that don’t add more problem
to mankind. That is due to the fact every patch of soil (and the plant life that develop
in it) takes in and gives off numerous sorts and quantities of warmth-trapping gases,
depending on how it is far managed.

7.1.2 Urban Gardens Include

1. National parks (recreation areas)
2. Street gardens
3. Parks and playgrounds
4. Community gardens
5. Private or home gardens
6. Others (sanatorium gardens, college and universities gardens, governmental

gardens, and so on.)

Careful interest in the world’s garden soils is one piece of solving the change
problem. Agriculture and forestry, which dominate managed soils worldwide, virtu-
ally have the most important roles to play. But, as cities enlarge, there is a growing
possibility for urban and suburban areas to play a part. Recent researches advise
that city urban green areas (lawns, gardens, parks, golf course, and trees planted
alongside streets) have the capability to capture CO2, and store that carbon through
time years [66]. Practices that maximize carbon storage without producing too much
global warming pollution in the process (cover crops, crop rotation, woody planting,
and “low-input” lawn and garden renovation) can help sluggish the tempo of climate
change. If you are a gardener or landscaper or garden designer, you should take into
account the application of these results in your garden and in the gardens responsible
for you.

Planting forests to soak up carbon dioxide from the atmosphere can have a range of
side effects, including drying up water flow and making soil pungent. The discovery
highlights the accommodation involved in tree-planting projects [67]. There aremany
ways in which climate-friendly gardeners may reduce their contribution to climate
change and help their gardens absorb carbon dioxide from the atmosphere.
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7.2 Protective and Enhancing Carbon Stores

Climate-friendly gardening includes actions which protect carbon stores beyond
gardens. The largest carbon stores are:

• Soil
• woods and
• wetlands;

Construction of Woods in woody plants (trees, shrubs and some climbers) absorb
more carbon dioxide per area per year than most other habitats. Climate-friendly
gardeners, therefore, purpose to make certain that nothing they do will damage these
habitats.

A climate-friendly gardener, therefore, does not contain large irrigated lawns, but
instead includes water-butts to collect rainwater; water-thrifty plants which survive
on rainwater and do not need watering after they are established; trees, shrubs and
hedges to shelter gardens from the drying effects of sun and wind; and ground-
cover plants and organic mulch to protect the soil and keep it moist. There are
numerous methods wherein climate-friendly gardeners can also lessen their contri-
bution to climate change and assist their gardens to soak up carbon dioxide from the
environment.

7.2.1 Climate-Friendly Plants

All vegetation that soaks up carbon dioxide. However, a few plant life are more
weather-pleasant than others, and it’s what we do with them that counts. If we make
an orchard garden with many layers, then we can boom the ground covers or lawn’s
productiveness and absorb greater carbon dioxide. Trees, bushes, hedges, and shrubs
are lovely, supply our gardens structure, provide meals and safe haven for wild
animals, and shelter our gardens from the drying consequences of wind and sun, and
so assist to hold soil moist and wealthy in carbon. If we grow ordinarily perennial
vegetation rather than annuals, and if we grow ground-cover vegetation, then we’ll
protect the carbon inside the soil and forestall it being oxidized by using cultivation.
Almost any water in a lawn makes it feel extra peaceful. We want to consist of
oxygenating plants inside the water to keep it oxidized and reduce the threat of
methane being produced from anaerobic sediments. Climbers, like trees, shrubs, and
hedges, can insulate our buildings and decrease the fossil-gasoline impact of heating
or air conditioning [68].

7.2.2 Climate-Friendly Gardens

Climate friendly gardens consists of [69, 70, 25]:

1. Trees
2. Shrubs and hedges
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3. Herbaceous perennials
4. Some annuals and biennials
5. Ground-cover plant life
6. Garden and meadow vegetation in small areas
7. Pond, wetland flowers
8. Climbers
9. Portable gardens

Portable gardens (Fig. 4) can help reducing suddenly polluted area with carbon
dioxide Master gardener must always remember other things that make any of those
plant life extra climate-pleasant:

1. Soil protection;
2. Feeding soil with carbon and nitrogen, consisting of nitrogen-fixing flowers,

deep-rooted flora, and vegetation with proper root structures;
3. Long existence,whichmeansmore carbon dioxide absorbed and extra soil carbon

created;
4. Resilience in extraordinary situations, especially water-thriftiness;
5. Usefulness—food plant life, craft plant life, medicinal plants;
6. Vigorous growth.

Also, he must bear in his mind other criteria which observe in all gardens:

1. Right plant in the right place; choosing plants which fit the garden’s conditions.
2. Beauty, whatever form it takes in our viewer’s eyes;
3. Plants as flora wildlife and for flora or fauna wildlife;
4. Multipurpose plants which benefit from pollutants and kitchen.

The master gardener or administrator must know that there is not one or more
plants that can achieve all the required in place. Simply ensure it is balanced by using

Fig. 4 Portable gardens
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plenty of weather-pleasant vegetation. But we want to keep away from plants with a
few characteristics which would be bad for the climate so try to:

1. Avoid fire-inclined vegetation (lichen, grass leaves, deciduous leaves, conifer
needles, western larch, aspen, western hemlock, western white pine, grand fir,
douglas fir, Eucalyptus, Engelmann spruce);

2. Avoid thirsty flowers which cannot continue to exist without introduced tap-
water;

3. Avoid vegetation which inhibits different flora.
4. Use fire-retardant plants (Yucca, Lemonade Berry, Oak, Woolly blue curl,

Catalina cherry).

7.2.3 The Priorities for Climate-Friendly Gardeners Are in Ways
to Reduce Emissions of GHG from Different Types of Gardens,
and to

• Keep the soil’s current carbon stores;
• Rise the soil’s carbon stores.

To protection the soil, climate-friendly gardens:

(a) Based on plants rather than buildings and paving [71];
(b) Have soil that is kept at a fairly stable temperature by hedges from trees, shrubs

and some times climbers [72];

Have soil that is constantly kept covered and therefore moist and at a moderately
constant temperature by lawns and groundcover plants, fast-growing legume and
herbs grown as green manures (which can be used as an intercrop in kitchen gardens
of annual vegetables) and/or organic mulches [72]. Climate-friendly gardeners avoid
things whichmay harm the soil. They do not step on the soil when it is damp, because
it is then greatest weak to compressed. They dig as little is possible, and firstly when
the soil is saturated rather than damp because increases the oxidation of soil organic
matter and produces CO2 [73]. To rise soil carbon sink, climate-friendly gardeners
confirm that their gardens generate optimum conditions for strong, healthy growth of
plants and other garden plants either above or underground, and diminish the impact
of any preventive factors. In general, the extra biomass that the plants can form each
year, the more carbon will be added to the soil [74].

7.2.4 Climate-Friendly Gardens Therefore Include

The changing climate will have a vast impact on the method we garden. Plants are
considered the main material of gardens, by contrast with the attention of structures
in cities. Climate-friendly gardens will contain group of plants that prepared for
design purposes in numerous ways [75, 51, 76, 77, 78]:
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1. Annuals and Perennials: Perennials’ longer have roots allow them to clamp onto
moisture and carbon,making soil better-off, even throughout droughts andfloods,
that many scientists have connected to climate change.

2. Shrubs, Hedges and Borders for living quarters: Climate change produces more
shrub vegetation that can reduce CO2.

3. Trees: Trees are growing further quickly due to climate change. When a tree
receipts in carbon from the atmosphere, used it through its lifetime through
carbon sequestration. Planting trees in areas anywhere they have not historically
grown, help mitigate climate change.

4. Ornamental Grasses: Ornamental Grasses can Take the Heat, so reduce climate
change effects.

5. Groundcovers: shrubs, creeping plants or lawns as groundcovers retain soil moist
and at relatively constant temperatures. Generally, lawns, like other grasslands,
can accumulate good levels of soil carbon, and in accordance, they will grow
more strongly and store extra carbon.

6. Nitrogen-fixing plants, for example cover crops and legume plants may show an
important role in mitigating the effects of climate change on agriculture.

8 Radionuclide’s and Gardens

The Arctic is the fastest and severe climate change on the earth. over the following a
hundred years, weather change is predicted to accelerate, contributing to important
physical, ecological, social and monetary adjustments, lots of which have already
begun. No matter that the contaminants of radioactive substances aren’t common-
place in Egypt, however, scientific studies indicate that the global warming of the
world is showing a robust impact now inside the Arctic. Scientific research had
proven that some pollutants which have a tremendous impact on global warming had
been located in the arctic are [79]:

1. Persistent organic pollutants (POPs),
2. Heavy metals and
3. Radionuclides.

So, it can say that gardeners must installation a design that makes use of greater
absorbent plants from the ornamentals for radioactive materials. The occurrence
of incidents causing the leakage of radioactive material is not the content of non-
availability. Also, some radioactive materials may also move from other distant geo-
graphical areas that ultimately affect the place. Here, a brief notes about some plants
that may have an ability to get rid of radioactive materials. We hope to plant them in
Egyptian gardens.
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8.1 Uptake of Radionuclides by Plants

Measurements of some plants showed that radioactivity in plants depended on the
area of surface exposed, the developmental seasons, and on the external morphology
of their above and underground parts.

Auto-radiographs on several plants showed the presence of radioactivity in certain
spots (hot spots) which were distributed randomly on the surface of the plants and
differed in size and activity [80]. Studies of Itoh et al. [81] showed that radioactive
particles attached to outdoor plant leaves persisted for nearly 1 year.

8.2 Accumulation of Radionuclides by Plants as a Monitor
System

The accumulation of radionuclides by plants acting as a monitoring system in the
environment may occur by two modes; foliar absorption by the leaves and shoot of
the plant, or by root uptake from the soil [82, 83]. The epidermal features of plant
foliage may exert an effect upon particle retention by leaves, and subsequent uptake
of radionuclides from the surface. The role of plants as monitors of radionuclides is
threefold:

– as monitors of recent atmospheric releases of radionuclides; and
– as indicators of the long-term behavior of aged deposits of radionuclides in the
soil [82].

– different plant species had different uptake activities for the elements [84].

Pulhani et al. [85] found that fertilizer application and soil nutrient content can
affect the absorption of radionuclides by plants.

Phytoremediation of radioactive waste is a process that uses plants to remove,
transfer, or immobilize radionuclides from the contaminated soil, sediment, sludge,
or water, and it is a useful method for treating large-scale low-level radionuclide
contamination.

There have not been established criteriawhich can be utilized to screen out suitable
plant species that are capable of remediating the radioactivity. Important factors
influencing the selection of a natural plant to remediate radioactivity, including the
vegetation plant species and vegetation community composition and the criteria
based on the phytoremediation factor (PF) for the selection of a natural plant to
remediate radioactive waste. The vegetation plant species and vegetation community
composition are important for selecting the natural plant Species [84].Anequation for
Phytoremediation Factor (PF)was defined using three parameters including the target
radionuclide concentration in the plant, the plant biomass, and the target radionuclide
concentration in the tailings [86].

PF = Target radionuclide concentration in the plant shoot × biomass of the plant shoot

Target radionuclide concentration in the tailings
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Using the PF as the criteria, Phragmites australis (grown wild in Egypt). Through
applying numerical classification for the plants recorded by Hu et al. [84] using the
accumulation levels in different areas (from 1 to 9) as variables, we can arrange the
most plants which can grow in Egypt for reducing nucleotides as follow:

Pteris nervosa
Pteris multifida
Phragmites australis
Oxalis corymbosa
Broussonetia papyrifera
Cyperus rotundus
Rubus hanceanus
Solanum nigrum
Artemisia capillaris
Clerodendrum cyrtophyllum
Phytolacca acinosa
Kyllinga brevifolia
Ixeris chinensis
Paspalum scrobiculatum
Cyperus iria
Herba gnaphaii
Ricinus communis
Vitex negundo
Paspalum distichum
Senecio scandens
Artemisia lavandulaefolia
Hibiscus syriacus
Melia azedarach
Xanthium sibiricum
Polygonum posumbu
Portulaca oleracea
Potamogeton pectinatus
Moraceae Morus alba
Youngia japonica
Solanum lyratum
Oxalis violacea
Rubus corchorifolius
Rosa laevigata
Alpinia japonica
Gynura crepidioides
Ligustrum quihoui
Amaranthus spinosus
Cyperus difformis
Paulownia fortunei
Cinnamomum camphora
Rubus alceaefolius
Herba taraxaci
Plantago asiatica
Plantago major
Medicago sativa
Salix matsudana

28
26
23
21
20
19
19
18
18
18
16
16
15
15
15
13
13
11
11
10
10
9
9
9
8
8
8
7
6
6
6
6
5
5
5
4
4
4
4
4
3
3
3
3
3
2

The best plants are the ones with the highest numbers
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8.3 Shortwave and Longwave Radiation

Profound changes in vegetation composition in the Arctic tundra have been observed
and are predicted in a warmer future climate. Shrub expansion may positively feed-
back to climate warming by decreasing the shortwave albedo. In Canadian studies
[87], they measured an average transmission of 36% of the incoming shortwave radi-
ation below dwarf shrub (Betula nana), the transmission of wet sedge (Eriophorum
angustifolium) was 28%.

Global warming can be affected by shortwave and longwave radiation. Results of
Donohoea et al. [88] suggest that, although greenhouse gas forcing predominantly
acts to reduce outgoing longwave radiation, the resulting global warming is likely
caused by enhanced absorbed solar radiation. They added that global conservation
of energy is a powerful constraint for understanding Earth’s climate and its changes.
Variations in atmospheric composition that result in a net positive energy imbalance
at the top of atmosphere drive global warming, with the world ocean as the primary
reservoir for energy accumulation. In turn, increasing global surface temperature
enhances emission of longwave (LW) radiation to space. Anthropogenic radiative
forcing is dominated by LW active constituents, such as CO2 and methane, and
shortwave (SW) forcing agents, such as sulfate aerosols (used for a suspension of fine
solid particles of a sulfate or tiny droplets of a solution of a sulfate [89]), are thought
to be acting to reduce absorbed solar radiation compared with their preindustrial
levels. Reduced outgoing longwave radiation, thus, seems the likely cause of the
observed global energy accumulation, although the limited length of satellite TOA
radiationmeasurements precludes determination of the relative contributions of ASR
and OLR by direct observation [90].

Trees in the urban area strongly reduce pedestrian level heat stress by absorbing
and reflecting solar irradiance although air temperature reduction effect is weak.
Modeled results are verified by measuring shortwave radiation under trees and roof
of the adjacent building [91].

Absorption profiles of incoming solar radiation determine incoming fluxes
between vegetation-covered ground and the atmosphere. Model calculations demon-
strate significant deviations of absorption profiles from an exponential distribution in
the near-IR spectral region and high dependence of profiles on foliage orientation and
the solar zenith angle. The set of input parameters of the model coincides with that
of the Nilson-Kuusk canopy reflectance model. These parameters can be estimated
from remote measurements [92].
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9 Particulate Matter

9.1 What Is the Influence of Particulate Matter
on the Climate?

Generally, it can be said there is a coherence between climate change and air quality.
Some studies state elementary or carbon particulates would be the second or third
most important pollutant in terms of global warming. Elementary carbon is a fraction
of particulate matter and originates mainly from incomplete burning processes [93].
When it comes to predicting climate change, researchers need to take into account
the effects of particles in the air. The ways in which atmospheric particles, such as
mineral dust, affect climate are important.

The particle number and size fractions were compared between 14 plant species
[94]. PM2.5 particles dominated the particle distribution for all studied species. Salix
matsudana, Euonymus japonicus,Magnolia denudate, Salix japonica, Fraxinus chi-
nensis andGinkgo bilobawere efficient species in accumulating PM2.5. PMcapturing
ability of shrubs and leaf undersides of plant species should be paid more attention.

Particulate matter that accumulated on leaves were comprised mainly of C, O,
Si, Ca, Fe, and Pb. The densities and size fractions of the particles deposited on
the adaxial and abaxial sides of leaves were significantly different, and 24% of the
particles were deposited on the abaxial side of leaves. The densities of the particles
in four size fractions differed significantly among the species at the two sampling
sites. Salix matsudana,Euonymus japonicus,Magnolia denudate, Sophora japonica,
Amygdalus persica, and Salix babylonica efficiently captured all particle sizes on
their leaf surfaces. S. matsudana, E. japonicus, M. denudate, S. japonica, Fraxinus
chinensis, andGinkgo biloba efficiently captured submicron and fine particles, which
can have serious effects on human health. These differences among species provide
more insight into the sink capacity of green tree species, and the efficiencies of
plant species for trapping particulates can be used to guide urban tree planning and
decrease air pollution.

Plants not only improve air quality by adsorbing particulate matter (PM) on leaf
surfaces but can also be affected by their accumulation. In a study [95, 96] about the
relationship between seven leaf traits and the accumulation of three different sizes
of PM (PM11, PM2.5 and PM0.2) on leaves. The retention abilities of plant leave with
respect to the three sizes of PM differed significantly at different sites and species.
The average PM retention capabilities of plant leaves and specific leaf area (SLA)
were significantly greater in a seriously polluted area. The findings from their study
provide useful information regarding the selection of plants to reduce atmospheric
pollution.
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9.2 Removal of Particulate Pollutants

Suspended particles in the atmosphere are deposited on plant surfaces by three
processes:

1. sedimentation under the influence of gravity,
2. impaction under the influence of eddy currents, and
3. deposition under the influence of precipitation.

Sedimentation regularly results in the deposition of particles on the different
aboveground plant parts and increases onupper surface of leaves and is most impor-
tant with large particles. Sedimentation velocity varies with particle mass, size [97],
particle density, nutrient and organic matter content [98], shape, and trace elements
[99] and other factors. Impaction happen when air flows fast on the obstacle, and the
air stream divides, but particles in the air be likely to continue in a straight track due
to their momentum and strike the obstacle.

The efficiency of the collection via impaction is the principal means of deposition
if:

(a) particle size is of the order of tens of micrometers or greater,
(b) obstacle size is of the order of centimeters,
(c) approach velocity is of the order of meters per second or more, and
(d) the collecting surface is wet, sticky, hairy or otherwise retentive.

Ingold [100] presented data indicating that leaf petioles are considerably more
efficient particulate impactors than either twigs (stems) or leaf lamina. For particles
of dimension 1–5 μm, impaction is not efficient, and interception by fine hairs on
vegetation is possibly the most efficient retentive mechanism [101].

The transfer of particles from the atmosphere to natural surfaces is commonly
expressed via deposition velocity. For small particles, for example, condensation
aerosols less than 1 μm, deposition velocities are much less than for large particles:

For example, spores and pollen 20–40 μm in diameter.
Trace metals, especially heavy metals, are most commonly associated with fine

particles in contaminated atmospheres.
Trace element investigations conducted in roadside, industrial, and urban environ-

ments have dramatically demonstrated the impressive burdens of particulate heavy
metals that can accumulate on vegetative surfaces.

Based on a literature survey, particulate removal efficiencies for trees have been
estimated (Table 2). It is based on the following assumptions:

Particulate average deposition velocity of 1 cm s−1 for trees and 0.8 cm s−1 for
grass and weeds, leaf area index of 5.1 for deciduous trees and 2.3 for conifers, and
approximately 2 ha of deciduous tree surface and 1 ha of coniferous tree surface ha−1

of land area.
Black carbon and particulate matter are not a gas, but it acts as a greenhouse gas.

It can be hanging in the air and absorb heat [102]. Gardeners may cause more carbon
particulates in the atmosphere by burning garden wastes.
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Particulate matter PM2.5 alone is responsible for over 2 million deaths a year
around the world [103]. PM also causes damage to the circulatory and respiratory
systems and are also the second largest cause of lung cancer [104] and autism [105].
The literature on particulate matter uptake from the air by outdoor-growing plants is
very extensive, most probably because of this pollutant’s increasing negative impact
worldwide on human health and the environment. The results of Gawrońska and
Bakera [106] demonstrated that the amount of PM accumulated on aluminum plates
was always significantly lower than that accumulated on the plants’ leaves, showing
that more than simply gravity forces are involved in PM accumulation on leaf blades.

Broad-leaved taxa with a rough surface (Ulmus sp.) efficiently capture airborne
particulate matters [107]. The importance of plant functional traits differs by site and
plant characteristics.

The literature on the atmospheric particulate matter (PM), and atmospheric
aerosol, has augmented extremely over the last two decades. Fuzzi et al. [108] con-
cluded that increasing scientific awareness in atmospheric PM or aerosol is owed to
their great significance for environmental policy. Particles hanging in air interrelate
with shortwave radiation from the sun and longwave radiation from the Earth, these
relations greatly affect the energy budget and climate of the planet [109]. Actually,
PM starts one of the most interesting problems for air quality and climate change
policies. Atmospheric aerosol particles play an important role in radiation budget of
the Earth’s as they scatter and absorb both shortwave solar radiation and longwave
terrestrial radiation [110]. Particulate matter can directly relate with cloud formation
developments and may control both the amount and location of rainfall [111]. Simi-
larly, the degree of the global effects of PM on climate remains extremely undefined.
In spite of the uncertainty, there are numerous things that could be done to alleviate
local and global harms of atmospheric PM.

Studies have shown that dropping black carbon (BC), one of the further main PM
emissions, using known control measures, would reduce global warming and delay
the period when anthropogenic effects on global temperature would exceed 2 °C.
Therefore, there is ample that could be done to lessen the effects of atmospheric PM
on the climate and the health of the environment and the human population.

9.3 Landscape Plants and Particulates

With the rapid progress of urbanization and industrialization, urban environmental
pollution has become a public concern. This has directed to a huge studies on the
urban environmental pollution issue [112]. Urban air pollution is an ambiguous type
of environmental pollution. Among the pollution types, particulate pollution, notably
PM10 and PM2.5 directly or indirectly affect human health.

The sources of urban particulate matters are various, and the most significant ones
come from the emissions of road traffic, fossil fuel combustion and construction dust
[113]. Controlling and reducing urban particulate pollution has become a pressing
problem. Using plants to absorb atmospheric particle matter has been confirmed
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as an effective method [114]. A plants’ ability to remove atmospheric particulates
mainly relies on its leaf function, and leaf structure, such as leaf surface texture, hair,
grease, and moisture, along with other beneficial features for atmospheric particles
absorption, and a huge leaf area supported by a complex stem structure can fix a lot
of atmospheric particles.

Unfortunately, the atmospheric particles can crimp stomas and reduce the chloro-
phyll content of leaves so that gas exchange action is blocked and photosynthesis
is decreased [115]. Therefore, analyzing plant stagnation differences with respect to
atmospheric particulates in different contaminated areas by the use of plant leaves it
is a good method.

The adsorption capacities for airborne particulates of different tree species display
differences because the different tree species have different crown profiles, branches
and leaves ratios and leaf surface characteristics (including waxiness, epidermis,
stomata’s and pubescence length, etc.).

In England, Freer-Smith et al. [116] studied the adsorption capacities for particu-
lates of five coniferous and broadleaved species in England, and the results showed
that the adsorption capacity for particulates of Pinus tabuliformis is the highest, that
of Sorbus aria is the second highest and that of Populus deltoides is the lowest.

Urban landscape plants are an important component of the urban ecosystem,
playing a significant role in the adsorption of airborne particulates and air purification.
In a study carried at China Zhang et al. [117] on six common landscape plants in
Beijing as research subjects, and the adsorption capacities for each different plant leaf
and the effects of the leaf structures for the adsorption capacities for particulates.
Preliminary results show that needle-leaved tree species adsorbed more airborne
particulates than broad-leaved tree species for the same leaf area. Pinus tabuliformis
exhibits the highest adsorption capacity, at 3.89±0.026μg cm−2 of PM10, almost two
times asmuch as that ofPopulus tomentosa (2.00±0.118μg cm−2) as comparedwith
same tree species leaves in theBotanicalGarden. They added that there are significant
adaptive changes to the leaf structures, and when compared with the slightly polluted
region. In the seriously polluted region the epidermis cells of the plant leave shrinked,
the surface textures of the leaves became rougher, and the stomas’ frequency and the
pubescence length increased.

10 Importance of Urban Landscape Plants Especially Trees
for Climate Change

10.1 How Do Trees and Forests Relate to Climate Change?

Deforestation, particularly the damage of rainforests, is a vastly significant contrib-
utor to climate change. Scientists estimate that forest injury and other changes to the
use of the land account for around 23% of current man-made CO2 emissions—which
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compares to 17% of the 100-year warming impact of all current greenhouse-gas
emissions.

As children are qualified at school, all plants absorb CO2 from the air as they
grow. Using solar energy, they use the carbon captured from the CO2 molecules to
built carbohydrates building blocks for their roots, main trunks and branches, foliage,
flowers and seeds.

A mature (long lived) forest doesn’t certainly absorb much more CO2 that it
releases, but when every tree dies and either rots down or is burned, for human
activities, much of its stored carbon is released once again. Briefly, in the background
of climate change, the most important thing that mature forests is not that they reduce
the amount of CO2 in the air but that they are big reservoirs of stored carbon. If
such a forest is burned or cleared, then much of its carbon is released back into the
atmosphere, totaling to atmospheric CO2.

Obviously, the similar process also works in contrary. If new trees are planted
where previously there weren’t any, they will on soak up CO2 according to the stages
of growth reducing the amount of GHG in the atmosphere. Generally, it is thought
that plants as “carbon sinks” currently soak up about 25% of all the CO2 that humans
add to the air each year. This figure could change as the planet warms.

Obviously, the relationship between trees and local and global temperature is very
complex than the simple question of the GHGs they absorb and emit. Afforestation
have amajor impact on local weather structures and can affect the amount of sunlight
trapped by the planet [118].

10.2 How Do Timber and Forests Relate to Climate Change?

Deforestation, and particularly the destruction of rainforests, is an enormous con-
tributor to climate exchange. Scientists estimate that wooded area loss and other
changes to using the land account for round 23% of the present-day guy-made
CO2 emissions—which equates to 17% of the warming effect of all current
greenhouse-gasoline emissions.

As kids are taught at faculty, timber and different flowers absorb CO2 from the air
as they grow. The usage of electricity from the solar, they flip the carbon captured
from the CO2 molecules into building blocks for his or her trunks, branches and
foliage. This is all part of the carbon cycle.

A mature forest doesn’t always soak up a good deal more CO2 that it releases,
however, because while each tree dies and either rots down or is burned, tons of its
stored carbon is released once more. in other phrases, in the context of weather trade,
the most critical element approximately mature forests is not that they reduce the
quantity of CO2 inside the air however that they may be huge reservoirs of saved
carbon. If such awooded area is burned or cleared then a lot of that carbon is launched
again into the environment, including to atmospheric CO2 ranges.

Unsurprisingly, the connection among trees and nearby and worldwide tempera-
ture is greater complicated than the simple query of the greenhouse gases they soak
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up and emit. Forests have a prime impact on local weather structures and can also
have an effect on the amount of daylight absorbed by means of the planet: a new
vicinity of bushes in a snowy areamay additionally create extrawarming than cooling
general via darkening the land surface and lowering the quantity of daylight reflected
again to the area.

Types of Urban gardens that affect global climate change

• Street gardens
• Parks and playgrounds
• Community gardens
• Home or private gardens
• Greenbelts
• Special gardens (hospital gardens, school and universities gardens, governmental
gardens, etc.).

Careful attention to the world’s garden soils is one piece of solving the cli-
mate problem. Agriculture and forestry, which dominate managed soils world-wide,
clearly have the largest roles to play. However, as cities expand in the United States,
there is a growing opportunity for urban and suburban areas to play a part.

Recent studies suggest that urban green spaces (lawns, gardens, parks, golf
courses, and trees planted along streets) have the potential to capture CO2 and “store”
that carbon over time [66].

Practices thatmaximize carbon storagewithout producingmoreover globalwarm-
ing pollution in the procedure cover crops, crop rotation, tree and shrubs planting,
and groundcovers and garden maintenance) can help unhurried the jump of climate
change. Garden managers and owners can lead the way in their gardens and yard.

10.3 Impression to a Climate Friendly Garden

A garden can be thought of as climate-friendly if it stores (or prevents the release
of) more heat-trapping gases and generate oxygen. Researchers in landscape archi-
tecture, horticulture, climate, forestry, and urban ecology have determined some
practices can change garden in facing climate change, these include:

Minimize Carbon-Emitting Inputs through [119].

– Select kinds of tools and chemicals, “inputs” which can affect the amount of
heat-trapping gases your garden absorbs.

– Gasoline-powered tools are sources of CO2.
– Synthetic nitrogen fertilizers, require a lot of energy to manufacture, which
generates a significant amount of CO2.

– Use liquid organic fertilizer after sterilization.Not recommendusing non-sterilized
organic nitrogen-based fertilizers (compost, animal manure), especially if the
timing and amount of fertilizer are not precise.

– Understanding the Types of Lawn Fertilizer.
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– Using a fertilizer for ground covers is an effective way to prevent disease and pest
damage and minimize maintenance.

– Use time-release fertilizers which are beneficial at feeding the lawn over many
months.

– Use humic acids
– Liquid or water-soluble fertilizers are spread using a hose and provide a quick,
effective way to introduce nutrients rapidly to grassroots.

– Studies have suggested that fertilizer over-use can be a source of nitrous oxide
[27].

10.3.1 Don’t Leave Garden Soil Naked

Whether you grow summer vegetables, annual flowers, or perennial borders, there are
periods of time perhaps as much as half the year, depending on your local climate—
when plants are not actively growing. During these times, bare soil is vulnerable not
only to erosion and weeds but carbon loss as well.

The use of cover crops grasses, cereal grains, or legumes that can be grown when
other plants cannot is a mainstay of organic farming systems because it helps develop
healthy and productive soil, reduce the need for energy-intensive chemical fertilizers
and pesticides, and store large amounts of carbon. Cover crops are not meant to be
harvested but to stabilize, build, and add nutrients to the soil that would otherwise
remain bare.

Non-legume covers crops such as rye and winter wheat are also useful. When
planted at the correct time, they can capture excess nitrogen from fertilizers or
decaying plant matter; several studies showed these cover crops reduced nitrogen
losses into groundwater by about 70%. By holding nitrogen in their tissues, they
also prevent soil microbes from converting it into heat-trapping nitrous oxide. And
non-legume cover crops typically grow larger and faster compared with legumes,
absorbing more CO2 from the atmosphere and returning more organic matter to the
soil.

10.3.2 Plant Trees and Shrubs

Governments ask people, please if you have space in your home garden, plant—and
keep one or more trees or large shrubs because it is an excellent way to remove
more heat-trapping CO2 from the atmosphere over a long period of time. Entirely
terrestrial plants captivate CO2 through their green organs, storing the carbon in their
tissues. Trees and shrubs, because they are large and woody, and long-lived, can store
larger quantities of carbon than other plants, for longer periods of time [120].

The geometric experiments [121] show that through a hypothetical scenario of
worldwide sustainable forestry, the world’s forests (mainly trees) could offer a large
carbon sink, about one gigatonne (GT) year−1, due to improvement of carbon stock
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in woody plants biomass. In addition, a total amount of wood, 11.5 GT of carbon
year−1, could be removed for reducing CO2 emissions by replacement of wood for
fossil fuels. A recent multi-city study estimated that, as a whole, the urban trees of
the contiguous United States accumulate nearly 23 million tons of carbon in their
tissues per year. While all trees store carbon, urban and suburban trees can also
prevent CO2 emissions because they help reduce energy use in nearby homes and
buildings.Well-placed trees can shade buildings from the summer sun or buffer them
from cold winter winds, reducing heating. Through evapotranspiration, urban and
suburban trees can lower temperature during the summer. Thus, one study found that
in addition to storing between 4 and 10 kg of carbon annually, a single shade tree in
Los Angeles helps residents and businesses save enough energy to avoid the release
of nearly 18 kg of carbon from power plants each year [122].

10.3.3 Expand Recycling to the Garden

According to the USEPA [123], yard trimmings and food wastes make up about
one-quarter of the country’s municipal solid waste (EPA [124]. When these organic
wastes are disposed of in landfills, ample of the carbon is deposited underground,
but the waste that breaks down releases methane gas—a heat-trapping gas 23 times
strong than CO2 [125].

Horticulturists can help decreasing the globalwarming pollution linkedwithwaste
disposal by turning leaves, grass, woody garden clippings, dead garden plant parts,
besides kitchen waste into biochar, mulch or compost, then using it in the garden or
reclamation of sandy soils. “Recycling” these wastes will not only reduce methane
emissions but also improve garden’s soil and help it store carbon [126, 127].

Compost, which can be any mixture of decaying organic materials (for example,
plant leaves, animal manure, food scraps), is created by a and other organisms break
down wastes into a nutrient-rich soil amendment. While composting does produce
global warming gases, studies indicate that the best practices for creating and using
compost have a smaller climate impact than landfills [128, 22].

That’s because efficient composting takes place aerobically (that is, in the presence
of oxygen), which minimizes the formation of methane. By contrast, landfills lack
oxygen circulation, so organic materials are broken down primarily by bacteria that
thrive in the absence of oxygen and producemethane. One study suggests composting
is also better than incinerators for reducing heat-trapping emissions from organic
waste disposal [129].

d. Think a lot about private and public Lawns

lawns can be make climate-friendly

A growing frame of research indicates that soils covered in lawn grasses can
capture and store noteworthy amounts of carbon.

It appears that practices designed to maximize lawn growth and health with min-
imal inputs of fertilizer and water may achieve the best balance of carbon storage
and nitrous oxide emissions.
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Every plant from grasses absorbs CO2 from the air. Grass have a seasonal cycle
of fast growth periods beside flowering. But when grasses frequently mowed no
flowering can achieved. Throughout this cycle, lawn grasses continuously cover root
system and depositing carbon in the soil. After mowing grass, clippings left on the
lawn to decompose, these clippings are extra source of carbon that can be kept in the
soil below. Contrasting to gardens, which are often ploughed and ploughed, lawns
are naturally left undisturbed, allowing the soil to store carbon for long periods of
time [130]. Rates of carbon storage vary depending on the climate, soil type, and
how the grasses are managed [131].

Zirkle et al. [132, 133] calculated efficiency of lawns relating to Soil organic
carbon (SOC) sequestration for U.S. lawns. SOC was 46.0 to 1216.1 g C/m2/year.
They added that additional C sequestration can result from biomass gains attributable
to fertilizer and irrigationmanagement.However, nitrous oxide emissions from lawns
have been related to the addition of nitrogen fertilizer and large watering [27].

10.4 The Role of Plants, Especially Trees, Solve Climate
Change Problems

Climate favorable landscaping is an innovative method of cultivation ornamental
plants in urban gardens in ways which reduce emissions of different types of green-
house gases and encourage the absorption of carbon dioxide and methane by plants
in order to aid the reduction of global warming. To be a Climate favorable landsca-
per means considering both what happens in a garden and the materials brought into
it and the impact they have on and climate. It can also include garden features or
activities in the garden that help to reduce greenhouse gas emissions elsewhere.

Plants in forests play an important role in climate change. Afforestation or plan-
ning a forest garden can help mitigate against climate change by removing CO2

from the atmosphere. It is stored in this “biomass” until being returned back into the
atmosphere, whether through natural processes or human interference [134].

Permaculture is most frequently applied in gardening. Urban gardening provides
habitat for wildlife, carbon sequestering, biodiversity and others. Simple urban gar-
dening must be contained (containing or contained) three layers: trees, shrubs, and
ground plants. But for those who like to take advantage of every planting opportunity,
a deluxe urban garden can contain at least six tiers of vegetation.

As the illustration below shows, a seven-layered urban garden contains (Fig. 5):

1. Big or tall trees
2. Small or low trees
3. Hedges and shrubs
4. Bedding plants, perennial or herbs
5. Lawns or ground covers or annuals
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Fig. 5 Ideal layers of urban garden

11 Street Trees: Species Selection Criteria [135, 61, 56, 136]

Street trees are one of the greatest important gears of urban landscaping and they
play a vital role in town pollution and climate change besides street aesthetics. When
choosing trees, consider the following:

1. Absorb pollutants: Has a great ability to absorb specific pollutants dominant in
the area.

2. Suited to climate and soil characters: only species which will tolerate and
succeed in the specific setting are recommended.

3. Reliable form: A higher and taller canopy on a single trunk keeps paths clear for
pedestrians and similarly keeps sightlines open for traffic safety and personal
security.

4. Scale elements: Trees of a size which will provide a substantial degree of com-
portwhenmature are preferred. In this setting, the occurrence of overhead power
lines will require the selection of trees with a tall narrow canopy, or a decision
not to plant beneath wires. Longevity: Some fast-growing plants are short-lived.
A long life—several decades—is required to defend the cost of establishment,
and maintenance, and to supply an appropriate level of comfort.

5. Extend or support a worthy existing theme: native or exotic will depend on
the situation. Selection should be governed by site valuation Not a weed and
unlikely to become a weed. Species which yield large amounts of either fleshy
fruits or light windblown seeds are discouraged. Some domestic plants are
weeds, and the possible for hybridization between introduced “exotic” natives
and local gene pools is regarded as a risk.

6. Resistance to local diseases and insects: Trees are not carriers or hosts of pests
that infect plants in the area.
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7. Quality of wood: Once the trees reach the age known to them, the municipality
may resort to re-culture, and in rare cases may require digging out trees. In these
cases, wood quality is required.

8. No Street Tree is Perfect: There is no such thing as the street tree that will fulfil
perfectly all aspects of our selection criteria.

9. Root system characteristics: Trees species which do not have a history of
problematic root behaviour are preferred.

10. Branch drop and windthrow: Choose trees which are not known for unexpected
branch drop, or likely to blow over in strong winds.

11. Deciduous versus evergreen: The requirement for summer shade and winter sun
should be factored into the selection process.

12. Non-grafted cultivars: carefully consider if a grafted species has been short-
listed. When suffering hardship, grafted specimens can shoot from the under-
stock, creating a maintenance burden.

13. Fruit production: Apart from potential weed production from fruit, fleshy or
woody fruit can create a hazard when they fall on pavements.

14. Habitat linking: strategic location of particular indigenous tree species to link
fragmented habitat or continue a wildlife corridor, can be important to some
classes and populations of animals. This must be considered on a site-by-site
basis.

11.1 Big or Tall Trees

Tree planting and plantation urban forestry are well established both in the private
and public sectors. The data released by the UN’s Food and Agriculture Organisation
suggest that plantation forests comprised an estimated 7% of global forest area in
2010 [137]. Trees are also planted as part of efforts to restore natural forests as well
as in agroforestry, which involves increasing tree cover on urban and agricultural
lands.

– Under certain conditions plantations can grow relatively fast, thus absorbing CO2

at higher rates. In the absence ofmajor disturbances, newly planted or regenerating
forests can continue to absorb carbon for 20–50 years or more. Tree planting could
sequester (remove from the atmosphere) around 1.1–1.6 GT of CO2 per year (that
compares to total global greenhouse gas emissions equivalent to 50 GT of CO2.

– Tree planting and afforestation were included as activities eligible for finance
under the Kyoto protocol. Kyoto’s rules and procedures, however, restricted the
scale and scope of these activities. As a result, projects have struggled to get off
the ground and the carbon sequestered has been almost negligible.

– Dense, spreading species—the classic shade trees such as Ficus retusa, F. beng-
halensis, Delonix regia, and Cassia nodosa don’t work well in the forest garden
because they cast deep shadows over a large area. Better choices are F. religiosa,
Khaya senegalensis, and Bauhinia variegatum.
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Nitrogen-fixing trees will help build soil and most bear blossoms that attract
insects. In Egypt, these include Erythrina indica, Cassia nodosa, Delonex regia,
Jacaranda ovalifola and Albizia lebbeck. The canopy trees will describe the chief
patterns of the forest garden, thus they necessity be chosen wisely. Plant them with
careful in respect to their expected final size so enough light will fall among all above-
ground tree parts [138]. Most Important Street Trees According to Their Efficiency
for Reducing Carbon Dioxide from Atmosphere.

1. Albizzia lebbeck
2. Bauhinia variegate
3. Bombax malabaricum
4. Cassia fistula
5. Cassia nodosa
6. Chorisia speciosa
7. Erythrina variegate
8. Eucalyptus camaldulensis
9. Ficus retusa
10. Ficus benghalensis
11. Ficus religiosa
12. Ficus sycamores
13. Khaya senegalensis
14. Tipuana speciose

Table 2 shows the role of Egyptian street trees in reducing carbon emissions or
absorbing carbon dioxide from the surrounding air. The results deal with specific
leaf area, i.e. calculated for every 1000 cm3 of one leaf surface only. It is better to
calculate the total leaf area of the entire tree. Because it is difficult to find different
trees in the same age at the same environmental conditions. Data in Table 1 and Fig. 6
show that Ficus religiosa trees are best in CO2 uptake through the first 5 min after

Table 1 Efficiency of some ornamental trees grown in Egypt for reducing CO2/1000 cm2 leaves
area and transpiration rate, arranged ascendingly [139]

CO2 mmol H2O m−2 min−1

1. Ficus religiosa
2. Bauhinia variegate
3. Cassia nodosa
4. Eucalyptus camaldulensis
5. Ficus sycamores
6. Khaya senegalensis
7. Albizzia lebbeck
8. Chorisia speciosa
9. Cassia fistula
10. Bombax malabaricum
11. Erythrina variegate
12. Ficus retusa
13. Ficus benghalensis
14. Tipuana speciose

1. Cassia fistula
2. Ficus religiosa
3. Ficus benghalensis
4. Eucalyptus camaldulensis
5. Ficus sycamores
6. Chorisia speciosa
7. Albizzia lebbeck
8. Khaya senegalensis
9. Bauhinia variegata
10. Ficus retusa
11. Tipuana speciose
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Fig. 6 Efficiency of some ornamental trees grown in Egypt for reducing CO2/1000 cm2 leaves area
[139]

the start of the carbon dioxide pollution, as well as after 10 min and after 15 min.
This is followed by Bauhinia variegate trees as in the following table.

On the other hand, studies were conducted on the most common trees and shrubs
cultivated in Egypt, from these studies on the transpiration of plants from their leaves
in the plant and this property depends on various factors:

(a) Plant type, including the anatomical structure of the leaves
(b) Climatic conditions prevailing in the region such as temperature and humidity
(c) Different soil conditions.

Scientific studies show that for transpiration of 1 g of water, plant require 633 Cal,
this amount of energy is withdrawn by the plant from the surrounding environment.
This energy is believed to affect heat reduction in the atmosphere. However, the
arrangement of the trees studied was not the same with the arrangement of trees in
the disposal of carbon dioxide.

The following is an explanation of some of the common species cultivated in
Egypt and have a role in the disposal of carbon dioxide that causes climate change
which is also important in tempering the atmosphere, which also affects climate
change (Table 3; Fig. 7).
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Fig. 7 Efficiency of some ornamental trees (a) and shrubs (b) grown in Egypt for transpiration
rate/1000 cm2 leaves area [17]

11.2 The Relationship Between Some Landscape Plants
and Climate Change (Tables 2 and 3; Figs. 7 and 8)

11.2.1 Ficus religiosa

It is a large tree for dry season, semi-deciduous in Egypt, up to 30 m tall. Because the
leaves have a tall petiole, it move continuously even when the air around is immobile,
and no perceptible wind is blowing. This motion can be explained due to the long
leaf petiole and the broad leaf blade. This movement may be the reason why this tree
is one of the highest trees in the disposal of carbon dioxide in our studies [17, 139],
resulting in more movement contributing to the entry of larger quantities of air gases.
Ficus religiosa is grown as an ornamental tree, in public gardens, community and
universities gardens, large private gardens and parks. They prefer full sunlight and
can grow in most soil types. While it is possible for the plant to grow indoors in a pot
(as a bonsai plant), it grows best outside [140]. Some scientific studies [141] have
shown that the genus of Ficus in general, including F. religiosa produces moderate
amounts of volatile organic compounds (VOCs) in the atmosphere, it is a pollutant.
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Table 2 The efficiency of some ornamental trees and shrubs grown in Egypt for reducing
percentages of carbon dioxide

CO2 reduction
percentages after
5 min

CO2 reduction
percentages after
10 min

CO2 reduction
percentages after
15 min

Trees

Ficus religiosa 87.65 92.11 92.64

Bauhinia variegate 83.76 89.04 94.33

Cassia nodosa 81.53 85.15 88.78

Eucalyptus
camaldulensis

80.15 85.66 91.18

Ficus sycamores 79.61 90.92 92.11

Khaya senegalensis 79.04 89.35 92.27

Albizzia lebbeck 75.84 87.21 89.02

Chorisia speciose 73.29 90.36 95.92

Cassia fistula 72.54 81.82 91.10

Bombax
malabaricum

72.34 82.76 93.19

Erythrina variegate 71.81 88.14 89.80

Ficus retusa 71.33 78.93 86.53

Ficus benghalensis 67.20 85.72 87.45

Tipuana speciose 65.99 84.77 86.35

Shrubs

Bougainvillea glabra 58.68 62.28 62.47

Dodonaea viscosa 43.28 47.38 48.25

Hedera helix 25.12 25.57 25.61

Lantana camara 20.92 22.21 22.32

Schinus
terebinthifolius

19.11 20.57 20.81

Malvaviscus mollis 14.88 16.62 16.83

Nerium oleander 6.32 6.96 7.04

Acalypha wilkesiana 1.73 2.06 2.11

11.2.2 Erythrina indica

– Has large natural distribution in the tropics
– For cultivation in gardens
– Deciduous tree
– Growing up to 27 m
– Cultivated as an ornamental tree.
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Table 3 Transpiration rate of some ornamental trees and shrubs grown in Egypt as an indirect
method for prediction the efficiency plants for reducing air temperature (every 1 g needs about 600
calories for evaporating from plants)

Plant Transpiration rate as mmol m−2 min−1

Trees

Cassia fistula 13.68

Ficus religiosa 9.10

Ficus benghalensis 8.82

Eucalyptus camaldulensis 5.38

Ficus sycamores 4.59

Chorisia speciosa 2.63

Albizzia lebbek 2.58

Khaya senegalensis 1.27

bauhinia variegata 0.96

Ficus retusa 0.66

Tipuana speciose 0.35

Shrubs

Lawsonia inermis 16.19

Hibiscus rosa-sinensis 10.76

Dodonaea viscosa 9.17

Jasminum mesnyi 6.45

Schinus terebinthifolius 5.54

Acalypha wilkesiana 4.47

Codiaeum variegatum 3.64

Buddleja asiatica 3.00

Malvaviscus mollis 2.65

Hedera helix 1.34

Nerium oleander 0.79

11.2.3 Ficus benghalensis

– The Genus are among the largest trees Egypt
– The species are among the largest trees in the world by canopy coverage
– Due to the large size of the tree’s canopy, it provides useful shade in hot climates.

11.2.4 Eucalyptus camaldulensis

– One of around 800 species within the genus
– It is a plantation species in many parts of the world
– Can grow to 45 m tall
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Fig. 8 Efficiency of some ornamental shrubs grown in Egypt for reducing CO2/1000 cm2 leaves
area Koriesh [139]

– The tree has a large, dense crown of leaves
– It may contain a specific phytoncides
– Self-pruning. Saving water
– The speed of growth of the tree makes it a useful plantation.

11.2.5 Bombax ceiba, L.

– Has a straight, tall trunk
– Deciduous in winter
– Red flowers appear in the spring before the new foliage
– Produces a capsule which, when ripe, contains white fibers like cotton
– Grows to an average of 20–60 m
– Widely planted in parks and on roadsides there because of its beautiful red flowers
which bloom in March/April.

11.2.6 Chorisia speciosa

– Deciduous trees
– In younger trees, the trunk is green due to its high chlorophyll content, which
makes it capable of performing photosynthesis when leaves are absent; with age,
it turns to grey

– The leaves are composed of five to seven long leaflets.
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11.2.7 Khaya senegalensis

Khaya senegalensis is a species of tree native to Africa.

– The medium-sized tree which can grow up to 15–30 m
– The bark is dark grey to grey-brown
– Used for its timber
– It is now used more locally and is planted ornamentally as a roadside tree.

11.2.8 Ficus retusa

– Rapidly growing tree, rounded, broad-headed, evergreen
– Can reach 15 m
– Massively spreading canopy
– The tree has small, dark green leaves.

11.2.9 Tipuana tipu

– Semi-deciduous tree
– Height up to 10–35 m
– The flowers are abundant in number from the end of spring until the beginning of
the summer

– Cultivated parks and large recreation areas
– Leaves fall briefly at the end of winter and grow again after a few weeks.

11.3 Small or Low Trees

The Low-Tree Layer

Here are many of the dwarf and semi dwarf plants. Plus, we can plant naturally small
trees such as Bauhinia variegata, Cassia fistula, and Cassia nodosa. In a smaller
forest garden, these small trees may serve as the canopy.

Both large and small nitrogen-fixing trees as Erythrina variegata, Bauhinia var-
iegata, Cassia fistula, Cassia nodosa and Tipuana speciose grow quickly and can be
pruned heavily to generate plenty of effective leaves.
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11.3.1 Bauhinia variegata

– Reach a height of 6–12 m and their branches spread 3–6 m
– Flowers are 7.5–12.5 cm diameter, in shades of red, pink, purple, orange, or yellow
– Flowers are often fragrant
– Flowering in late winter and often continues to flower into early summer
– Prefer acidic soils and do not tolerate salty conditions
– Full sun exposure is preferred, but they can be grown under the partial sun.

11.3.2 Cassia fistula

– Popular ornamental plant and used in herbal medicine
– Medium-sized, up to 10–20 m with fast growth
– Flowers are produced in pendulous racemes with yellow petals
– Flowers with a pungent odor
– Strong and very durable wood
– Widely grown as an ornamental plant
– Trees were covered with yellow flowers, many times with almost no leaf being
seen

– Grow well in dry climates
– Relatively drought-tolerant and slightly salt-tolerant.

11.3.3 Cassia javanica (C. nodosa)

– Worldwide as a garden tree owing to its beautiful crimson and pink flower bunches
– Fast growing, semi-deciduous tree which flowers in spring
– The trunk that reaches heights of 25–40 m
– Planted as a shade and ornamental tree on streets and in parks
– Used medicinally.

11.4 Hedges and Shrubs

1. The Shrub Layer. This tier includes flowering, fruiting, wildlife-attracting, and
other useful shrubs. A small sampling: Lawsonia inermis, hibiscus rosa-sinensis,
Dodonaea viscosa, Jasminum mesnyi, Schinus terebinthifolius, Acalypha wilke-
siana, Codiaeum variegatum, Buddleja asiatica, Malvaviscus mollis, Hedera
helix, Nerium oleander, and dozens of others



388 E. M. Koriesh and I. H. Abo-Soud

2. The broad palette of available shrubs allows the gardener’s inclinations to surface,
as shrubs can be chosen to emphasize food, crafts, ornamentals, birds, insects,
native plants, exotics, or just raw biodiversity

3. Shrubs come in all sizes, from dwarf to nearly tree-sized
4. Shade-tolerant varieties can lurk beneath the trees, sun-loving types in the sunny

spaces between.

11.5 Bedding Plants or Herbs

– TheHerb Layer is used in the broad botanical sense tomean nonwoody vegetation:
flowers, culinary herbs, and cover crops, as well as mulch producers and other
soil-building plants.

– Emphasis is on perennials and annuals.
– Shade-lovers can peek out frombeneath taller plants,while sun-worshiping species
need the open spaces.

– It is better to use more efficient shrubs in reducing CO2.

11.6 Lawns or Ground Covers

– It is best to use high-efficiency shrubs that absorb more carbon dioxide as
Bougainvillea glabra, Dodonaea viscosa, Hedera helix, Lantana camara, Schinus
terebinthifolius and Malvaviscus mollis

– They play a critical role in weed prevention, occupying ground that would
otherwise succumb to invaders.

11.7 Climbers and Vines

– This layer is for climbing plants that will twine up trunks and branches, fill-
ing the unused regions (https://www.motherearthnews.com/organic-gardening/
garden-planning/backyard-fores).

– It is best to use high-efficiency shrubs that absorb more carbon dioxide as
Bougainvillea glabra and Hedera helix.

– Some of the perennial vines can be invasive or strangling; hence, they should be
used sparingly and cautiously.

https://www.motherearthnews.com/organic-gardening/garden-planning/backyard-fores
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11.8 Efficiency of Trees for Reducing CO2/1000 cm2

The following is an explanation of some of the common species cultivated in Egypt
[142, 143] and has a role in the disposal of carbon dioxide that causes climate change
which are also important in tempering the atmosphere, which also affects climate
change.

12 Vertical Gardens to Reduce Climate Change

12.1 Benefits of Using the Vertical Garden System

1. The benefits of the use of the walls vary according to several criteria. Perhaps
the most important of which is the location of the origin and the method and
manner of cultivation of the outer envelope and the nature of the surrounding
environment. In addition to the aesthetic character and the establishment of a
distinct environment and an enjoyable environment of existing architecture, these
benefits can be arranged under three main titles [144]. On the environment scale

2. On the scale of the building
3. Scope of users

On the environmental scope,Results of Safikhani et al. [145] showed that the living
wall and green facade reduced indoor temperature up to 4.0 and 3.0 °C, respectively.
The living wall and green facade also reduced cavity temperatures by 8.0 °C and
6.5 °C, respectively.

The beauty of this system is that more than 90% of the water goes directly to the plant and
the absorption rate is lower as compared to normal absorption of water by the plants (http://
www.talkafrica.co.ke/vertical-gardens-technology-to-reduce-climate-change).

Vertical gardens, especially, which use solar energy have come as a savior to those
living in high polluted areas, water stressed and less space environments. The beauty
of this arrangement is that more than 90% of the water drives directly to the plant
and the absorption amount is lesser as compared to regular absorption of water by
the plants [146].

One of themajor problems in landscape design in crowded cities, like Cairo, Giza,
Tanta, Assiut etc. in Egypt, is looking to find free areas to establish new gardens,
also old methods of street trees maintenance still used. We recommend following the
new systems of external surfaces cultivated at least for the governmental buildings,
using different plant species with higher efficiency in absorbing carbon dioxide (and
other common pollutants in every city). Research of Koriesh [17, 139] indicated
that the use of Sciendapsis aureus, Dracaena with narrow leaves (D. marginata),
Chlorophytum comosum and Aspidistra elatior plants for cultivating façades and
Vertical gardens showed the highest efficiency in the elimination of carbon dioxide.

http://www.talkafrica.co.ke/vertical-gardens-technology-to-reduce-climate-change
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Also planting Ficus religiosa, Bauhinia variegate, Cassia nodosa, Eucalyptus
camaldulensis and Khaya senegalensis trees is better in new gardens or replacing
old ones when implementing targeted maintenance programs [17, 139].

12.2 Green Walls [147, 144]

The concept of green walls is representative of the green roofs vertical or near the
vertical position and is based on the elements of construction vary according to
the type of the wall itself and is covered by the structures of plants. This concept is
historically the presence of climbing plants next to existing architecture and then used
in the coordination and beautification of sites. It is also considered the attention and
spread of that system recently because it provides a quick and effective environmental
solution to the scarcity of green areas and the impossibility of the development of
green areas within the existing building.

Green walls are Vertical gardens on the surfaces where plants are attached to
the surface. It is classified as ‘green facades’ or ‘living wall’. On the right hand,
green facades are created by directly attaching hanging pots or shrubs to the wall,
or attached the plants to the wall using any supporting methods as wires, ropes and
meshes either in the form of double skinned green facades or indirect green facades.
On the left hand, living walls are created by attaching growing media to the vertical
wall, and this relatively new technique is classified as ‘continuous living walls’ or
‘modular living walls’ [148, 149]. Green walls can improve air quality. Dunnett and
Kingsbury [144] recommended green walls as one of the planting concepts to reduce
particulates through deposition. Pollutant reduction along with a footpath in open
areas [150]. This system is defined as a wall consisting of a set of plants supported
by vertical anchors either on the inner or outer wall and sometimes stand alone. It
also includes plants, irrigation and drainage system all within one system.

12.3 Greening with Self Climbing Plants

Often at walls ‘self-climbers’ are set like Jasminum grandiflorum Lonicera japonica
and English Ivy, with which climbing assistance is unnecessary. The wall crest must
deflect all precipitation, so that nowater fromabove canpenetrate.All joints should be
closed, so that the impulses of the plants mentioned cannot penetrate there.Climbing
hydrangea, Clerodendrum inerme climbing roses are also suitable [151, 152]

Common climbing plants such as ivy was found suitable for the green wall. The
removal potential of pollutants using a green wall was shown to be influenced by
plant species, methods of climbing wind, humidity and leaf area index (LAI). We
suggest that air pollution tolerance index (APTI) and anticipated performance index
(API) should be measured prior to selecting species for the urban gardens.
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These considerations were made based on limited defined research, and further
investigations research are required to produce guidance for determining the role of
green walls on climate change.

12.4 Living Walls

This term refers to innovative technological methods based on prefabricated media,
homogeneous soil, or a water system on a vertical surface. This concept can also be
referred to as Vertical garden. The need for continuous maintenance and the need for
irrigation and drainage systems and the need for fertilizers to be distributed, the cost
of installation of living walls is three to five times higher than the cost of installation
for the Green Facade system and the cost of replacement of unsuitable plants [153].

It is known that these walls, which occupy some forms of agriculture, are also
composed of climbing plants, as Euonymus fortune, Hedera algeriensis, Hedera
colchica, Hedera helix, Hydrangea seemannii, Clematis, Lonicera henryi, Lonicera
japonica, Jasminumhumile (yellow jasmine), Jasminumgrandiflorum and Jasminum
mesnyi whether of one type or more.

Recently, additional structural elements were used to support the development
and growth of plants. These walls are characterized by their environmental benefits
of biodiversity, thermal insulation, noise reduction and reducing carbon dioxide and
increasing oxygen [154].

12.5 Green Façade

Are the façades that rely on climbing plants that are cultivated in the soil surrounding
the building directly or are grown in containers. These plants need structural elements
that are supported, cared for and monitored continuously throughout the growth
periods. This system is scalable and depends on a wide range of plant species that
can be used. These plants (as Cissus antarctica, Clematis aristata, Ficus pumila,
Vitis vinifera and Wisteria sinensis) can adapt to the risks and seasonal changes
(Considerations for Advanced Green Facade Design).

12.6 Brief History (Green Screen) [153]

In 1920, the use of cabling and cable systems began as a supporting system for
climbing plants, allowing them to grow and spread and were used in gardens and
houses.
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A. In 1988, the use of stainless steel wire systems for the facades and the walls of
the plant was started

B. In the early 1990s, the United States of America began to enter the market of
green walls and cultivated walls for wider use through systematic innovation

C. In the mid-1990s Patrick Blanc, who was the founder and pioneer of Vertical
gardens in the modern era, began to pay attention to this trend due to its great
environmental importance.

D. After 1994, the use of green walls in the spaces was started, supported by Bio-
Filtration System in Toronto, Canada.

Plants for living wall

(A) Plants for sun (B) Plants for shade (C) Edible plants

(i) Bacopa
(ii) Campanula
(iii) Fuchsia
(iv) Impatiens
(v) Lobelia
(vi) Nasturtiums
(vii) Petunia
(viii) Pelargonium
(ix) Salvia
(x) Scabious

(i) Ajuga
(ii) Campanula
(iii) Heuchera
(iv) Vinca
(v) Viola
(vi) Tiarella
(vii) Pansies
(viii) Wallflowers

i. Lettuce
ii. Salad leaves
iii. Herbs
iv. Tomatoes
v. Strawberries
vi. Anethum graveolens = Dill
vii. Coriandrum Sativum = Coriander
viii. Petroselinum crispum = Parsley

12.7 Bio-filtration System

Biofilters represents a new technology that holds great promises for GHG reduction
and air pollution control [155]. This system is known as the process of drawing
air through organic matter (such as algae, soil, plants, etc.) leading to the removal
of carbon oxudes, sulfur oxides, nitrogen oxides, organic gases, volatile organic
compounds and contaminants [11].

12.8 Reduced Urban Heat Island (UHI) Effect

Climate change and the heat island effect interact in different ways.

1. First, our warming climate will increase already higher temperatures in heat
island areas.

2. Second, cooling strategies to reduce heat islands can help communities adapt to
the impacts of climate change.
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3. Third, lower the greenhouse gas emissions that cause climate change [25].

The average temperature of the built-up areas is higher than the surrounding rural
areas and may be more than 5 °C. This is known as the Urban Heat Island (UHI)
phenomenon, which causes a loss of thermal comfort for users and a significant loss
of energy used for air conditioning. The use of façade and roofing works to reduce
the temperature caused by solar brightness and thermal reflections, thus reducing
the phenomenon of thermal islands within the existing building, leading to better
temperatures within the architectural spaces [156].

12.9 Purify Air and Reduce Dust

Plants may play a major role in eliminating carbon dioxide (CO2), where we can
eliminate more than half the concentration of carbon compounds by using some
plant species [139, 150]:

Acalypha wilkesiana
Bauhinia variegata
Cassia fistula
Chorisia speciosa
Dodonaea viscosa
Eucalyptus camaldulensis
Ficus benghalensis

Ficus religiosa
Ficus retusa
Hedera helix
Khaya senegalensis
Malvaviscus mollis
Nerium oleander
Schinus terebinthifolius
Tipuana speciose

Greenwalls also can dispose of more than 200 volatile organic compounds (VOC)
compounds at their intermediate concentrations and can eliminate other harmful
gases such as NOx, SOx, formaldehyde, etc. In addition to the ability of plants to
dispose of particulate matter and dust, which havemany negative effects on the respi-
ratory system and the general health of users. Different types of Vertical gardens that
affect climate change through decreasing ambient temperature and carbon dioxide:

Although the walls are cultivated as a principle and method of environmental
treatment and aesthetic of the facades, but have three classifications through which
we can review all types of Vertical gardens and the three categories differ between
them through principle and methods of installation and methods of handling and the
quality of plants used and those classifications are:

1. Green Facades
2. Wall Vegetation
3. Living Walls

There is no doubt that the green area is an important element to restore balance
in the environment which is in flagrant violation of its natural resources due to the



394 E. M. Koriesh and I. H. Abo-Soud

wave of urbanization sweeping many countries and the negative effects. It has on
living organisms and on human beings in particular.

Some modern countries have realized the dangers of vegetation cover in disrupt-
ing the balance of nature and the environment. This led them to go to the cultivation
of land through the revival of the soil again. The vast and extended areas of trees and
shrubs in a beautiful aesthetic harmony, as the streets roam Residential neighbor-
hoods until you find yourself in a singing garden, stretching along the opposite street
to the houses. Facades are lined with tree-lined trees, shaded with flowers, which
usually begin to reveal their splendor in the spring. This green chain of plants has
contributed to the city’s remarkable urban landscape. Modern cities have become
more oriented towards increasing the area of parks and public gardens through the
cultivation and beautification of the main streets and sub-streets as well as the streets
of residential neighborhoods. The main target is to break the stalemate of buildings
and concrete blocks, and make this area shows some of the living aesthetic compo-
nents that affect the surrounding environment. The comfort that is quickly realized
in the hearts of passers-by comes from the visual enjoyment in coordination with
aesthetic arrangement. This is shown by cultivation groups of trees and shrubs along
the length of the streets and on both sides.

13 Cultivation of Shrubs in Cities to Combat Climate
Change

Shrubs are the second largest group of plants cultivated in cities. Because they are
always dense vegetative and the number of leaves on them have an important role
in reducing the heat of the surrounding environment and absorbing large amounts of
CO2 and losing water by evaporation. It is known that one gram of water requires
633 cal for evaporation. So increasing evaporation water contributes to the reduction
of surrounded air then atmospheric temperature. High humidity also contributes to
reducing the impact of atmospheric temperature. These two factors contribute to
reducing the impact of climate change. Here a present of some of these plants as
mentioned from the results of the experiments carried by Koriesh [17].

The shrubs should be carefully selected by specialists so that they can play their
role and function to the fullest extent in terms of preventing dust, dust and carbon
dioxide.

Afforestation of the suburbs and residential neighborhoods has become an impor-
tant point in the process of beautifying the cities and making the inhabitants abler to
enjoy the outdoor atmosphere and to practice their sport activities without problems
or inconvenience.

Taking the simple engineering design to walk at one pace in the decoration and
beautification of the streets of the neighborhoods, For the formation and flowering
throughout the year, with the existence of green spaces are not enough to be a station
to sit on and enjoy with nature.
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The use of Hedera helix climbers and Bougainvillea shrubs which find scattered
and abundant in this type of street ornamental agriculture, since they are evergreen
and are up to 6 m long, they are suitable as a climber or a shrub.

They are very sparse, and their leaves are evergreen, simple, reciprocating, oval,
full-edged, dark green. Also, Hedera helix has a good role in formaldehyde pollu-
tant abatement. The flowers of Bougainvillea are multicolored including white, red,
purple, orange and sometimes double colors. Bougainvillea includes more than 20
varieties, and we find some varieties of hybrid that come in different sizes, and be
attractive with flowers that radiate joy and beauty. It increases its coordination value
and favors warm, humid climates, but it can withstand high temperatures and grow
under direct sunlight and withstand moisture while resisting drought.

13.1 Dodonaea viscosa

Except for Bougainvillea bush, theD. viscosa shrub can be cultivated for its lowwater
requirements and high transpiration rate (plants used about 2% for metabolism and
transpiration and evaporate the rest [157], beauty and their role for reducing CO2.
It can be cultivated in the form of shrubs and hedges that appear in their natural,
drooping and arched shape.

13.2 Schinus terebinthifolius

Brazilian pepper-tree is a shrub or small tree that reaches over 30 feet in height,
typically with a short trunk hidden in a thicket of branches. Some trees can live over
30 years. Brazilian pepper is widely grown as an ornamental plant for its foliage and
fruit.

Brazilian pepper is hard to control because it produces basal shoots if the trunk is
cut. Trees also produce abundant seeds that are dispersed by birds and ants. This same
hardiness makes the tree highly useful for reforestation in its native environment, but
enables it to become invasive outside of its natural range.

Transpiration of high amounts of water through plants contributes to the reduction
of ambient air temperatures. Its efficiency is relatively high in the absorption of CO2,
making it suitable for reducing climate change.

13.3 Lantana camara

A comparative response of lantana camara and Bauhinia variegata to elevated CO2.

Raizada et al. [158] showed that these plants are likely to emerge more competitive
in the global change scenario [159].
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The rise in CO2 availability directly impacts photosynthetic processes, evok-
ing a wide range of physiological and morphological responses in plants. These
vary among species, depending on differences in photosynthetic pathways, intrinsic
growth rates and other properties. Prominent responses include changes in growth
rates [160], water use efficiency [161] and nutrient uptake rates [162].

ElevatedCO2 significantly promoted the growth of seedlings of different plants.At
the end of experiment carried byRaizada et al. [158],maximumpercent enhancement
was observed in L. camara, meanwhile, B. variegata responded least to elevated
CO2. L. camara shrubs are therefore more efficient to remove carbon dioxide than B.
variegata (Table 1). Also, maximum mass was allocated to roots in L. camara under
both ambient and elevated CO2. Increased mass allocation to stem was observed for
L. camara under elevated CO2.

NAR (mgmg−1d−1) ofLantana camara increased in response to elevatedCO2, but
NAR of Bauhinia variegata was not affected, negatively or positively, by increasing
the concentration of carbon dioxide in the environment around plants. These studies
of Raizada et al. [158] showed that growth responses of ornamental trees and shrubs
plants to elevated CO2 varied among species, some showing greater increases in
shoot length and biomass accumulation than others. However, biomass accumulation
under elevated CO2 was greater in Lantana camara than in the woody trees as
Bauhinia variegata. Other studies have also shown an increase in overall biomass
of Lonicera japonica [159]. NAR as well as RGR increased under elevated CO2

in Acacia catechu, Bauhinia variegata, Dalbergia latifolia, Tectona grandis, Hyptis
suaveolens and Lantana camara.

In conclusion, under the elevated CO2 in future, photosynthesis and growth of
plants increased [163].

Trees also used for afforestation include other types of plants, Ficus reli-
giosa, Bauhinia variegate, Cassia nodosa, Eucalyptus camaldulensis and Khaya
senegalensis (Table 2).

Afforestation and Environmental Gardens and Their Impact on Climate Change

The environment is the framework in which man’s life. Human behavior, air
quality and the emission of responsible gases affect the warming of the atmosphere
and the consequent effects of changes in the global map.

13.4 Climate Change and Changes in the Global Map

The climate is changing as a result of global warming. Many areas will become
warmer and fewer will be colder. The countries where the temperature will rise
are Russia, Scandinavia, Canada, Egypt and others. The climate will be adjusted
to moderate and suitable for the growth of many crops, strategic or otherwise, for
positive feedback cycles.

We do not deny that many countries are warming the world in their favor, so they
will not do anything seriously to reduce the accumulation of carbon dioxide, even
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though it is responsible for the pollution that increases the temperature of the earth
which increases the melting of not less than the ice sheet on the southern continent.

14 The Impact of Industrial Development and Agricultural
Development on the Environment

We have to ask ourselves why the land has been suitable for life for more than three
billion years, despite its vulnerability to many disasters. Nevertheless, it maintains
balance through feedback through the rotation of elements in the food chain to
preserve its existence. What is now suffering from pollution is due to the industrial
boom and the economic growth rate of many countries, in addition to changing the
pattern of consumption of the population. The industrial boom has caused many
pollutants, whether in air, water or as solid wastes. Agriculture and technologies try
to cover the high requirements required by growth have also affected the hectic race
by using fertilizers to increase crop rates, as well as the use of pesticides.

Tree or plant leaves filter pollutants from the air. AfterWang [164] one urban park,
tree cover detached 48 lb of PM, 9 lb of NO2, 6 lb of SO2, 0.5 lb of CO and 100 lb
of carbon—daily. Beside other pollutants including ozone and methane through the
most important in the World photosynthesis. Trees sucking carbon dioxide (green-
house gas) and releases oxygen in air. Trees store or sequester the carbon dioxide,
and—depending on the size of the tree—can hold between 15 and 350 kg of carbon
dioxide each year [25, 165]. Many trees take decades to reach full size, and in this
fast-paced world, not everyone has the patience to wait that long. The impact of
climate change on many countries in the world, particularly those in North Africa,
including Egypt, is rapidly increasing due to the rapid deterioration of the global
environment. Trees contribute to reducing global climate degradation. So, gardeners
are looking for the fastest growing and efficient trees with high efficiency in CO2 or
other GHG. It is also best to have an efficiency in improving air temperature to help
reduce the effects of CO2 on climate change.

14.1 Fast Growing Trees

Some scientific views say trees that grow quickly should be avoided, because of
weak wood, numerous pests and diseases, invasive roots, a short life span, or other
undesirable qualities. Meanwhile, environmental protection workers say that fast-
growing trees have high absorption efficiency in their early growth and the old trees
often have very few vegetative parts that can clean pollutants. Here are some of the
fastest growing trees that grown in Egypt.

1. Albizia (Mimosa Tree)
2. Morus spp. (White and Red Mulberry)
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3. Pinus spp. (Pine)
4. Populus (Lombardy poplar)
5. Paulownia tomentosa (Empress Tree)
6. Salix matsudana
7. White willow (Salix alba)

14.2 Shrubs

Cultivable shrubs vary in different areas. In landscaping, the best to help in climate
change reduction factors should be chosen. All are always looking for the most CO2

absorption plants for either the leaf area unit or the hole mature plant. We also look
for the most plants that have evaporation of water that requires energy taken by the
plant from the air. Taking into account the rest of the contaminants (Tables 1 and 2).

Tree crown size is a key variable in this context as it correlates with the space. A
tree occupies as well as with the physiological tree functions. Crown prolongation
area and crown volume, can be used as proxy variables for leaf area and leaf biomass
[166].

14.3 Benefits of Planting Trees

Planting trees is massively beneficial to the world in the face of hastening climate
change [167]. There is nowadays a strong international scientific agreement that
human activity is beginning global warming. A considerable drop in the planet’s
forest cover over last and recent centuries is a major sponsor to this climatic change
[137]. As trees grow they absorb carbon dioxide (CO2), the first main ‘greenhouse
gas’ responsible for global warming, thereby reducing the concentration of this gas
in the atmosphere. Methane is the second greenhouse gas responsible for global
warming, some trees can reduce the concentration of this gas in the atmosphere.

Carbon absorption rates in trees depend on the species and the location. Fast-
growing species in tropical climates can sequester CO2 many times faster than the
average European forest, and plantation projects aimed at earning carbon credits are
typically designed to maximize the sequestration potential.

Over a 20-year lifecycle, the right species in the right conditions can absorb over
40,000 tons of CO2 per km2. So, a plantation of 100 km2 can absorb 4 million tons
of CO2 over 20 years. That is equivalent to taking 50,000 cars or more off the road
during that time (based on annual emissions of 3–4 tones for the average car and its
usage).
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15 The Foundations and Rules of Environmental
Afforestation in Cities

15.1 Introduction

1. Governments are doing a great deal to increase afforestation, parks, public
parks, children’s playgrounds and the multiple services needed to improve the
environment.

2. Some home owners also contribute to this work.
3. Afforestation and the increase of green areas are among the most important

facilities that municipalities compete to show their care for the city especially in
areas that subjected to high temperatures, dust and sand storms.

4. This is due to the importance of plants in preserving the environment and adapting
the local climate and its diversity.

5. It is important to choose the most efficient plant species adapted to the
environment.

6. The scientific foundations of the afforestationwithin the cities should be followed
and the plants should be distributed in the streets and parks.

7. Be careful not to plant useless plants in the streets and parks that may cause harm
such as species that produce positive ions [168–170].

8. For afforestation foundations and controls must be observed in the gardens of the
streets and the islands and the middle and in front of houses, parks and public
parks to achieve the environmental role, climate change and health of plants and
increase environmental efficiency in cities.

15.2 Some Characteristics of Local-Friendly Species

The environmental conditions of the area to be cultivated should be identified in
order to select appropriate and suitable plant species to be cultivated for planting

When selecting these trees, the following characteristics shall be met:

a. Have a high capacity to withstand the local environmental conditions of the area
where they are grown in terms of high temperature and pollution.

b. Its high efficiency in carbon dioxide absorption.
c. The wood has a high density, which indicates efficient storage of carbon dioxide.
d. High efficiency in lowering the temperature in the surrounding air.
e. It has high resistance to insect and pathogenic infections or worms.
f. Fast and dense growth and abundant branch.
g. It has a deep root and is not spread horizontally so as not to hinder the growth of

other plants and does not affect neighboring facilities.
h. The nature of its growth, the shape of its crown and height, corresponds to the

place where it is grown and the purpose of its cultivation.
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i. Plant seedlings are of sufficient size and age at planting to ensure their success
j. Its condition is good in terms of vegetative and root growth and sound from

fractures and pests.
k. Are locally available and require minimal care and costs during their cultivation

and growth. Reproduce easily.

15.3 Plant Cultivation and Use Functions: Environmental
Function

Plants have great value in the urban environment. Its lack or lack of numbers harms
the environmental balance in the region. This role can be summarized in the following
points:

– The plant absorbs carbon dioxide and is one of themain causes of pollution and the
release of oxygen gas. This process is the most important process in the universe.

– Reduce pollution levels from most types of pollutants by absorbing them.
– Plants emit oxygen in the atmosphere through photosynthesis, thereby reducing
the proportion of pollutants.

– Optimizing the atmosphere through the process of transpiration and improvement
of the climate the presence of plants in a place to reduce the temperature, especially
during the summer. It is known that every 1 g of water lost by the plant requires
633 kcal, which the plant withdraws from the surrounding medium, thus lowering
the temperature.

– Relieve the glare of the sun and dazzle the eyes with intense light.Where the leaves
of the trees intercept sunlight, absorbing part of it and reflect some of the other
rays.

– Contribute to the absorption of sounds and reduce the noise, especially in crowded
places in cities and succession.

– Stop sand crawling and reduce desertification.
– Protect cities from severe winds and break their limits.

The studies we conducted in Egypt showed that the shrubs cultivated in Egypt
differ in their application to get rid of carbon dioxide, and some shrubs have greater
efficiency (Table 1).

Bougainvillea glabra is superior to all shrubs that have been studied in the disposal
of carbon dioxide after 5, 10 and 15 min of exposure to this pollutant. The efficiency
value was more than twice that of Hedera helix and thrice as Lantana camara and 4
times as Malvaviscus mollis and 10 times as Nerium oleander.

From this, it is important to plant shrubs intensively in the city parks:

1. Fast growth
2. High efficiency of some varieties to get rid of carbon dioxide that causes global

warming
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3. Its efficiency in transpiration rate as mmol m−2 min−1 is higher than the trees
(Table 2), which has a high effect, at least theoretically, in the absorption of
atmospheric temperature.

Shrubs, generally, are evergreen and may reach a height of four meters at full
growth. They are usually planted in small gardens instead of trees. The shrubs are
used in many coordination purposes, which can be summarized as follows:

(a) Cultivation in groups close together to form a single vegetable mass used in the
design of natural parks such as Schinus and Lantana.

(b) Cultivation as individuals each with its characteristic and specific and attractive
to look like Queen of the night.

(c) Cultivation in front of buildings such as jasmine.
(d) Cultivation in the corners to fill spaces such as Duranta.
(e) Cultivation to establish gradient between trees and grasses, such as Lantana
(f) Cultivation for hytonocides as roses.
(g) Cultivation as groundcover plants such as Dodonaea.
(h) Cultivation to give the color of the gardens.
(i) Cultivation as Plant fencing.

16 Future Roles and Regulations in Urban Afforestation

It is best to cultivate the streets of all types of plants, taking into account the
relationship with the type of coordination and nature of plant growth.

The types of plants grown in a street or garden that have been established in a
specific area of a particular city vary according to the following criteria:

1. Plants planted on a street or a specific area shall be suitable for the quantity and
quality of pollution in the area

2. Be resistant to diseases and insect pests
3. The distance of agriculture depends on the amount of pollution and the number

of cars and street view
4. The distance between each tree depends on the nature of tree growth and the

value of LAI
5. Highly polluted areas can be cultivated more than a row or the use of high-

efficiency shrubs
6. Take into account the pruning of trees in a scientific manner sound where there

is a difference between pruning and cutting used in many cities in Egypt
7. All trees have a lifetime to give them the highest efficiency of their functions,

so must work out a plan for replacement and continuous renewal to ensure their
role environment

8. Some of the older trees can be renewed or vaccinated with new, more active
branches
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9. All trees are not renewed at the same time to ensure the safety of the environment
10. Some falling leaf species such as Ficus religiosa can be used to ensure that there

is sufficient vegetation
11. Scientifically known that carbon dioxide in the air is about 18–20% lower in

the winter
12. The streets were planted inside the cities according to the specialists and each

case separately
13. It is better not to use high trees in VOC emissions
14. The importance of tree planting in Egypt should be eliminate and store the

largest amount of carbon dioxide
15. Reduce the temperature in the surrounding environment provide adequate shade

in different places. The other objectives then come
16. The nature and size of plant growthmust be consistentwith the size and nature of

the street and the conditions of the site in which it is grown and the surrounding
facilities

17. The branches of trees shall not be exposed to intertwining with wires and others
18. In terms of protecting the environment, it is best to plant each street with more

than one type of tree, which will vary in efficiency in combating pollution
19. In my view, the use of organic fertilizers reduces the cultivation of trees in the

streets for the following reasons. Reduce the presence of a host of microbes
20. It is scientifically known that organic matter in the agricultural environment is

a source of methane emissions and is more dangerous to climate change than
CO2.

16.1 Central Islands

1. Planted with high soil coverings to increase the absorption efficiency of CO2 or
dense dendritic groups

2. The central islands are an important means of increasing the number of plants
on the streets

3. It is usually planted with shrubs, long grass plants, soil coverings and green areas
4. The type of plant depends on the presentation of the place
5. If it is broad, it can be planted with trees and shrubs of environmental importance
6. If they are narrow, they are planted with vegetative structures that can be formed

and are environmentally beneficial.
7. If the islands are of great lengths and wide as in the roads between cities or

different sectors can be planted with types of trees with water needs converged
to be easy to maintain, and preferably trees flowering to beautify the streets.

Regulations to Consider When Selecting and Growing Plants in the Central
Islets:

1. The intensity of plant cultivation depends on the density or amount (number) of
contaminants that may be present in the area



Facing Climate Change: Urban Gardening and Sustainable … 403

2. It is preferable to be specially planted trees in the middle of the islands with high
legs and fork high so as not to hinder the movement of pedestrians or cars

3. Do not grow large trees at the intersection of roads or at the top of the islands in
the streets so as not to impede the path of sight of drivers, noting that leave at
least 30–50 m around the road crossings without planting trees or large plants

4. This area can be cultivated with low-altitude grass plants and soil coverings
5. It is preferable to cultivate medium-sized islands using high-growth plants that

are highly efficient in absorbing pollutants and low in water and contribute to
heat reduction (Fig. 8)

6. It is enough to plant hedges or soil reservoirs with a height of not more than
50 cm for the roads that are being constructed and to re-examine the previously
created roads and remove trees obstructing the vision.

16.2 Main Steps for Afforestation Within Cities

1. Determine the objective of agriculture.
2. Determine the location of agriculture Is it a street or a middle island.
3. Is the chosen location close to industrial areas?
4. Determine the appropriate plant quality according to the pollution intensity and

temperature.
5. Implementation of the process of agriculture according to sound scientific basis

and according to the type and nature of plant growth.

16.3 The Roles or Foundations of Afforestation
for Environmental Conditions

Acommonmistake is to cultivate any plant species before they are studied, especially
for important traits such as tolerant type of pollutants, CO2 absorption efficiency, high
heat reduction, drought tolerance and high salinity tolerance.

Existing trees should be reviewed according to recent scientific information related
to the efficiency of CO2 absorption and heat reduction. It may be necessary to change
trees or other types of plants because of their lack of success and performance of
their local environmental functions or contain a toxic substance or contain some
undesirable qualities.
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17 Types of Urban Garden Plants that Contribute
to the Direct or Indirect Climate Change. Common
Problems in Egypt

17.1 High-Temperature Tolerant Plants

Palm trees: Phoenix dactylifera; trees: Tamarix spp.—Acacia spp.—Poinciana.
Delonix regia—Opuntia spp.—Bogainvillea spp.—Nerium oleander—Dodonaea
viscosa—Cupressus spp.—Schinus molle—Casuarina spp. —Albizzia Lebbek—
Ziziphus spina-christi—Hyphaene thebaica—Azadirachta indica—Eucalyptus spp.
Parkinsonia aculeata—Populs spp.—Washtunia palms—Creatonia siliqua—Melia
azedarach—Olea europaea—Conocarpus erectus; shrubs: Lantana camara.

17.2 Plants Reduce Methane

– Araucaria spp.
– Pine.

17.3 Plants for Phytoncides (Aromatic Volatile Substances)

– Cassia nodosa—Bauhinia—Acacia farnesina.

17.4 Plants Resistant to Smoke and Dust

– Tamarix spp.—Nerium oleander—Melia azedarach—Ficus spp.—Hibiscus
spp.—Eucalyptus spp.—Populs spp.—Phoenix spp.

18 Attenuation of Gaseous Pollutants by Greenbelts

Importance of greenbelts in attenuating gaseous pollutants and presents the meteo-
rological, physicochemical, biological, and horticultural dimensions associated with
effective greenbelt design [171, 168]. They have presented the gist of a system of
methodologies, developed by us, for greenbelt design. A case study demonstrating
the applicability of the system has been presented.
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18.1 What Is Greenbelt?

Greenbelt (Fig. 9) is a strip of trees of such species, and such a geometry, that when
planted arounda source,would significantly attenuate the air pollutionby intercepting
and assimilating the pollutants in a sustainable manner [172].

In reality greenbelts almost always include other vegetation, especially shrubs,
which also play some role in capturing pollutants. However, trees are the mainstays
of greenbelts, and often greenbelt plantation is simply referred as ‘trees’ even though
other types of vegetation is also established and nurtured.

The concept of greenbelt as a source of pollution abatement was recognised
initially by three nations:

1. The U.S.A.,
2. Britain and
3. Kenya [172].

Ebenezer Howard, a British social reformer, advanced the concept of greenbelt in
1898, in connection with the planning of ‘new towns’ located outside the periphery
of London, which was then sprawling far into the countryside. Howard proposed
‘garden cities’ which would not only be free of pollution but would also be antidote
of polluted cities, each of which would be surrounded by an agriculture ‘country
belt’.

It was British architect and planner Raymond Unwin, a town designer and
contemporary of Howard’s, who coined the term greenbelt [172].

In Britain, Howard’s concept took two forms: the greenbelts surrounding the new
towns in rural Britain (the first of thesewasLetchworth, built in 1903); and, beginning
in the 1930s, the application of the idea to London itself.

The London Green Belt Act was passed by the British Parliament in 1938. Amore
decorative plan was created in 1944 by Patrick Abercrombie, who proposed a belt,
five or more miles wide, consisting of both public open spaces and private properties
that would be regulated to preclude runaway suburban development [173].

Three such towns were built with Greenbelt, Maryland, being the best known.
In the American concept of greenbelt, relatively wide band of rural land or open
space surrounded a town or city. The term greenbelt meant. Generally, any swath

Fig. 9 Greenbelt and central islets to reduce air pollutants (Ismailia Governorate, Egypt)
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of open space separating or interrupting urban development. A land so designated
is controlled through regulation or public or quasi-public ownership (such as the
Nature Conservancy) to retain its natural character and provide a resemblance of
rural ambience in urban or urbanizing areas [172].

The central goal of Roosevelt’s greenbelt programme, an innovative and radical
intervention in American city building, was not to create better urban communities,
but rather to generate jobs in a declining national economy.

18.2 Air Pollutant Uptake by Vegetation

Vegetation acts as CO2 sink, and some species can utilize air pollutants effectively.
Plants also intercept tones of dust and serve as acoustic screens on busy highways and
noisy factory areas. Several plants can collect the dust suspended in the atmosphere
and dilute the concentration of toxic and harmful gases like SO2, CO2, etc. Trees
have been reported to remove air pollutants like hydrogen fluoride, SO2, and some
compounds of photochemical reactions and collect heavy metals like mercury (Hg)
and lead (Pb) from the air [174, 175].

After absorbing the air pollutants, trees change them to harmless metabolites
through various physiological processes. Of course, every plant can not be an agent
of air pollution control; only those which can tolerate pollutants can act as atten-
uators [176]. All-in-all, increasing vegetation in the cities, towns, and industrial
establishments holds great potential to combat air pollution.

Plants remove pollutants from the air in three ways, viz.

1. Absorption by the leaves,
2. Deposition of particulate and aerosols on leaf surface, and
3. Fallout of particulate on the leeward (downwind) side of the vegetation because

of the slowing of the air movement [177, 101].

18.3 Removal of Gaseous Pollutants

Amble evidence is available to support the view that plants in general and trees in
particular function as sinks for gaseous pollutants (and other pollutants by roots,
phytoremediation). The latter are transferred from the atmosphere to vegetation by
the combined forces of diffusion and flowing air movement. Once in contact with
plants, gases may be bound or dissolved on exterior surfaces or be taken up by the
plants via stomata. If the surface of the plant is wet and if the gas is water soluble,
the former process can be very important.

When the plant is dry or in the case of gases with relatively low water solubility,
themechanism is assumed to be themost important [178]. Plant uptake rates increase
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as the solubility of the pollutant in water increases. Hydrogen fluoride, sulphur diox-
ide, nitrogen dioxide, and ozone which are soluble and reactive are readily sorbet
pollutants. Nitric oxide and carbonmonoxide, which are very insoluble, are absorbed
relatively slowly or not at all by vegetation.

During daylight periods when plant leaves are releasing water vapor and taking
up carbon dioxide, other gases, including trace pollutant gases, in the vicinity of the
leaf are also taken up through the stomata [178]. The rate of pollutant gas transfer
from the atmosphere to interior leaf cells is regulated by the resistance posed by
atmospheric, stomatal, andmesophilic factors,more specificallywind speed, leaf size
and geometry, gas viscosity and diffusivity. Stomatal resistance is regulated by the
stomatal aperture, which is influenced bywater deficit, carbon dioxide concentration,
and light intensity. Mesophilic resistance is regulated by gas solubility in water, gas-
liquid diffusion, and leaf metabolism [179]. Because the rate of pollutant uptake
is regulated by numerous forces and conditions, the rate of removal under field
conditions is highly variable.

If leaf characteristics, wind speed, atmospheric moisture, temperature, and light
intensity are quantified, the pollutant uptake rate can be estimated. Under growth-
chamber conditions, wind velocity, canopy height, and light intensity were shown
to affect the rate of pollutant removal by vegetation. As previously stressed, light
plays a critical role in determining physiological activities of the leaf and stomatal
opening, and as such exerts a great influence on the foliar removal of pollutants.
Under conditions of adequate soil moisture, however, pollutant uptake by vegetation
was judged almost constant throughout the day, as the stomata were fully open.
Pollutants were absorbed most efficiently by plant foliage near the canopy surface
where light-mediated metabolic and pollutant diffusivity rates were greatest.

Sulphur and nitrogen dioxides were taken up by respiring leaves in the dark,
but uptake rates were greatly reduced relative to rates in the light. The Removal of
sulphur dioxide is also described by tree uptake process. Because of its high solubility
in water, large amounts of sulphur dioxide are absorbed into external tree surfaces
when they are wet. In the dry condition, sulphur dioxide is readily absorbed by tree
leaves and is rapidly oxidised to sulphate in mesophyll cells [178].

18.3.1 All Plants Absorb Carbon dioxide, but Trees are Best

While all living plant matter absorbs CO2 as part of photosynthesis, trees process
significantly more than smaller plants due to their large size and extensive root
structures.

In essence, trees, as kings of the plant world, have much more “woody biomass”
to store CO2 than smaller plants, and as a result, are considered nature’s most effi-
cient “carbon sinks”. It is this characteristic which makes planting trees a form of
climate change mitigation. According to the U.S. Department of Energy (DOE), tree
species that grow quickly and live long are ideal carbon sinks. Unfortunately, these
two attributes are usually mutually exclusive. Given a choice, foresters interested in
maximizing the absorption and storage of CO2 (known as “carbon sequestration”)
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usually favor younger trees that grow more quickly than their older cohorts. How-
ever, slower growing trees can store muchmore carbon over their significantly longer
lives.

18.4 Fastest Growing Trees (Ideal as Carbon Sink According
to [180])

1. Royal Empress, Paulownia (growth per year: 3–5 m);
2. Willow Hybrid, Salix (growth per year: 3–4 m);
3. Lombardy Poplar, Populos (growth per year: 2.5–3 m);
4. Eucalyptus Tree, Eucalyptus (growth per year: 2–3 m);
5. Red Rocket Crape Myrtle, Lagerstroemia (growth per year: 1–2 m);
6. Cleveland Flowering Pear, Pyrus calleryana (growth per year: 1–2 m) and
7. River Birch, Betula nigra (growth per year: 0.5–1 m).

Plant the Right Tree in the Right Location

Scientists are busy studying the carbon sequestration potential of different types
of trees depending, besides the species, upon location, climate, and soils.

Dave Nowak, a researcher at the U.S. Forest Service’s Northern Research Station
in Syracuse, New York has studied the use of trees for carbon sequestration in urban
settings across the United States.

A 2002 study he co-authored lists the Common Horse-chestnut, Black Walnut,
American Sweetgum, Ponderosa Pine, Red Pine,White Pine, London Plane, Hispan-
iolan Pine, Douglas Fir, Scarlet Oak, Red Oak, Virginia Live Oak and Bald Cypress
as examples of trees especially good at absorbing and storing CO2. Nowak advises
urban landmanagers to avoid trees that require a lot of maintenance, as the burning of
fossil fuels to power equipment like trucks and chainsaws will only erase the carbon
absorption gains otherwise made.

19 Conclusion

Trying to save our global, urban or city gardening as a sort of horticultural strategies
can dealing with climate change. We want to begin thinking now not just about what
used to be, but what may be, generally contributing the city regions to be sustainable
socially, economically and environmentally. Climate change goes to pressure us to
paintings difficult at somethingHomo sapiens has never been good.An urban gardens
like our own family’s is a great location to begin. Climate change is a international
problem, but its remedy begins with people or communities. Measures to combat
climate change encompass 2 primary titles:
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1. Removal of the maximum greenhouse effective gases, specifically methane,
carbon dioxide, sulfur oxides, nitrogen oxides, particulates and nucleoids

2. Decreasing causes of greenhouse gas emissions.

Urban gardens, including street trees, public gardens, recreation parks and green-
belts especially that designed around the industrial areas can help mitigation of
climate change. Additionally, include non-public gardens of a wide variety in or
outside residential privacy, and modern or new gardens along with one-of-a-kind
sorts of vertical gardens. New plant species stand up in these situations. The soil in
gardens is a reminder that things can change.

20 Recommendations

Based on the identification of the United Nations of factors affecting climate change,
and the scientific information on the modern environmental roles of plants, both
in the elimination of one or more of the causes of global warming in addition to
absorption of different radiation and its role in reducing air temperature. Also, water
professionals count on rapidly increasingwater stress andwater scarcity. To copewith
those demanding situations, theremaybe a need for the creation of social corporations
so one can work in partnership with governments and the international community
on mitigating climate change by way of growing sustainable urban gardens. Urban
agriculture additionally provides social, environmental and educational advantages
to residents.

So, the main recommendations of this work is to place out the advantages of
urban agriculture for reducing climate change and preserving sustainable urban
environments, and a few advisees, briefly are below:

1. Municipality planning and landscape gardeners in conjunction with the Ministry
of the Environmental Affairs have to review planning methods and undertake
scientific foundations while choosing garden plants and verifying non-emission
farming structures that may be harmful to the environment when dealing with
soil during soil preparing for agriculture.

2. Look forways ormeans to change the plants that are not environmentally friendly
plants, with no harm to the soil.

3. Climate change affects and is affected by all countries, but its treatment must
begin with the actions of individuals, which requires the provision of appropriate
means of awareness in urban communities.

4. Gardeners should not lose sight of the importance of reducing water consump-
tion, at least through selecting C4 and CAM plants for their low water needs.
Taking into consideration their environmental importance and their efficiency in
eliminating greenhouse gases.

5. Reduces climate change as urban agriculture contributes to the prevention of the
over-heating of city environments (Urban Heat Islands).

6. Urban agriculture offers proper land control and use for urbanized areas.
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7. Social and psychological benefits, such as food security in home gardens, per-
sonal psychological effects, community cohesion and well-being; and ecological
benefits, such as air quality, soil quality.

8. Urban agriculture has contributed for a long-time to keep all kinds of pollutants
inside the metropolitan inside positive affordable limits.

9. Gardens are one of the maximum valuable legacies that we are able to go away
for future generations.
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Potential Climate Change Impacts
on Livestock and Food Security Nexus
in Egypt
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Abstract Climate on earth has changed ordinarily amid the presence of our planet,
going from the ice ages to times of warmth. During the most recent quite a few
years increments in average air temperatures have been accounted for and associ-
ated consequences for atmosphere have been debated widely in an assortment of
discussions. Because of its significance around the world, agriculture was one of the
first divisions to be contemplated as far as potential effects of climate change. The
agriculture was the key advancement in the ascending of current human civilization,
whereby developing of domesticated species (Poultry and ranch creatures) produced
sustenance which is fundamental for the practicality of the development. Nowa-
days, great awareness and concern for problems related to environmental quality,
and human welfare, which are propagating at standalone terms subjected every day
for debates and discussions such as climate change, biodiversity, soil fertility corro-
sion and beyond all food quality and pollution. Domesticated animals are the real
consumers of water yet additionally support a considerable number of pastoralist and
farmers’ families. In Egypt where water is a scarce item, there is a requirement for
strategies to enhance livestock productivity. The complexity of the problems raised
a combined with the heating of the global which called “Heat Stress” as a result of
global climate changes, and the unlikelihood about numerous essential information
regularly make discourses uncertain; even indication issued by scientific specialists
are now and then misleading, and the problems are exacerbated by the continuous
influence of ideological positions. A great net interaction gathering impact of climate
change on soil, water, population growth, and energy, where more administrative
and non-legislative tasks expected to supply farmers with high-quality seeds, high-
quality forage with sufficient amount for animals, and veterinary administrations. In
this way, thinking about the decent variety of farming frameworks, one rural strategy
won’t fit all farmers’ classifications. Additionally, administrative and non-legislative
administrations ought to be contemplated by the district and the season.
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1 Introduction

Egypt is the second national communication and will be a typical example of a devel-
oping country that is very susceptible to global climate change. The final climate of
Egypt is dry, hot, with a gentle winter season with rain over the coastal areas, and
a hot and dry summer season that exposes it to numerous threats to its economic,
social and environmental property. Global climate change has a general trend towards
warming of the air temperature, with an increase of humidity in the hazy days, misty
days, the turbidity of the atmosphere, regularity of hot days and sand storms [1]. Also,
expected to feature to the growing threats to national security fueled by a growing
population of regarding 104million, of that almost 56.7%unit ofmeasurement a rural
population, and 43.3% unit of measurement urban population to keep with applied
analysis for 2017 [2]. The population is calculated to realize 120million by 2020, and
then the growth rate anticipated to be unchanged. Regarding 97% of the population
in Egypt lives on the Nile River depression (11 km2), and so the Delta which about of
29,000 km2, and represents regarding 4% of Egypt’s total area [3, 4]. Incredible pop-
ulation intensification associated with harboring an enlarged demand on the already
irregular resource base. Egypt’s security threats which can be extra tormented by
the impacts of global temperature change on animal and agriculture in general as
well as water security, food security and impoverishment gap, and energy security
also. The increasing of human population related to loss of agricultural land because
of urbanization processes and alteration water accessibility concomitant with global
climate change create quiet opposes to agriculture [5]. Additionally, the drought and
salinity are the foremost vital environmental factors that triggered the decreasing
growth and productivity of plants [6]. Consequently, increasing water productivity is
a fundamental strategy to extend food production underneath conditions of restricted
water system [7]. In Egypt, the forage crops play crucial dependability in farm animal
production. Wherever, the forage crops are used in different features (Green fodder,
hay, and silage) characterized by the high feed conversion ratio to achieve the highest
net profit. Consequently, the water use efficiency had the highest correlation with
each contemporary and dry forage yields [8]. In this chapter, many attempts that
discussed are summarized at Fig. 1. Which illustrate the interactions between and
among the energy, water, land, and climate systems take place within a social and
economic context.

2 Climate Change Impact

Having explored the term environment and its implications, this part presents
the importance of water resources values to externalities related to environmental
impacts.
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Fig. 1 Livestock production, water, land, energy, and climate change interactions

2.1 Impact on Water Resources

Water is equal to lifespan protection. It can be used for several purposes such as
agriculture, industry, fisheries forestry, recreation, domestic needs, transport, and so
on. Also, alternative uses can become challenging uses if there is a shortage of water
to satisfy them all [9]. Competition in water resources increasingly occurs among all
sections of agriculture activities, rural, urban, and industrial. Therefore, it is critical
to saving and optimizing on-farm water resources.

The Nile River is considering the major source of water supply in Egypt, which
provisions over 95% of the country’s annual water needs. The changeable climate
could cause a significant variability in Nile flood rate. The high growth rate of pop-
ulation size, the increasing of water demands for their life, therefore fresh water per
capita is estimated to drop to 550 m3 by 2020 (well below the water poverty line of
1000 m3 per capita). Approximately 66% of Africa is classified as arid or semiarid,
with extreme variability in precipitation [10]. Over four-hundredth of Africa’s pop-
ulation lives within the arid, semiarid, and dry sub humid areas wherever demand
for water and different ecosystems services is on the increase [11, 12]. Droughts
throughout the past 3 decades and land degradation at the desert margins, signifi-
cantly the desert, have raised considerations regarding increasing desertification [11].
The entire nature of this drawback and therefore the degree to that human activities
and global climate change area unit conducive there to area unit still being deter-
mined. In Egypt, the Nile basin is identified as one hot spot where there will be
increased water stress in the future. The surface territory of the Nile basin is around
3 million km2. There are ten riparian countries “Burundi, Vote based Republic of
Congo, Egypt, Eritrea, Ethiopia, Kenya, Rwanda, Sudan, Tanzania, and Uganda”.
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Fig. 2 Renewable water resources in Africa. Source Pinterest, Explore water resources and more.
https://www.pinterest.com

Add up to rainfall is roughly about 2000 billion m3 [13]. One of the basic difficulties
is that upstream or riparian utilization of water influences downstream users, and
how is it conceivable to share a basin’s water in an equitable manner (Fig. 2). Egypt
is experiencing physical water shortage, i.e., limited water sources accessible within
its borders and its dependency on outside water sources [14].

The nonviolent water resource in Egypt is Aswan high dam (111 m high, with
a crest length of 3830 m) and a volume of 44,300,000 m3, impounds a reservoir,
Lake Nasser, that has a gross capacity of 169 billion m3 (BCM). Of the Nile’s total
annual discharge, 74 BCM of water have been allocated by treaty between Egypt and
Sudan1 while the annual freshwater supply in Egypt is about 64 BCM/year. About
55.5BCMapportioned toEgypt and the remainder to Sudan1 (about 85%are received
from the Ethiopian Highlands via the Blue Nile and about 15% from theWhite Nile),
in addition to about 1.3, and 7 BCM of rainfall and groundwater respectively [15].

1In 1929, there was a treaty between Egypt and Britain securing the water share of Egypt and Sudan
(that was part of the Egyptian Kingdom) to be about 84 BCM. In 1959, the 84 BCM were divided
between Egypt and Sudan, where Egypt received 55.5 BCM and Sudan 18.5 BCM and about 10
BCM were estimated as the annual water loss due to evaporation.

https://www.pinterest.com


Potential Climate Change Impacts on Livestock and Food Security … 427

Ta
bl
e
1

W
at
er

re
so
ur
ce
s
in

E
gy
pt

19
98
–2
00
2

20
03
–2
00
7

20
08
–2
01
2

20
13
–2
01
7

L
on
g-
te
rm

av
er
ag
e
an
nu
al
pr
ec
ip
ita
tio

n
in

vo
lu
m
e
(1
09

m
3
/y
ea
r)

51
.0
7E

(2
00
2)

51
.0
7E

(2
00
7)

51
.0
7E

(2
01
2)

51
.0
7E

(2
01
4)

N
at
io
na
lR

ai
nf
al
lI
nd
ex

(N
R
I)
(m

m
/y
ea
r)

10
6.
6E

(2
00
2)

Su
rf
ac
e
w
at
er

pr
od

uc
ed

in
te
rn
al
ly

(1
09

m
3
/y
ea
r)

0.
5
(2
00
2)

0.
5
(2
00
7)

0.
5
(2
01
2)

0.
5
(2
01
4)

G
ro
un
dw

at
er

pr
od
uc
ed

in
te
rn
al
ly

(1
09

m
3
/y
ea
r)

1.
3
(2
00
2)

1.
3
(2
00
7)

1.
3
(2
01
2)

1.
3
(2
01
4)

To
ta
li
nt
er
na
lr
en
ew

ab
le
w
at
er

re
so
ur
ce
s
(I
R
W
R
)
(1
09

m
3
/y
ea
r)

1.
8
(2
00
2)

1.
8
(2
00
7)

1.
8
(2
01
2)

1.
8
(2
01
4)

To
ta
li
nt
er
na
lr
en
ew

ab
le
w
at
er

re
so
ur
ce
s
pe
r
ca
pi
ta
(m

3
/in

ha
b/
ye
ar
)

25
.3
8
K
(2
00
2)

23
.1
9
K
(2
00
7)

21
.0
1
K
(2
01
2)

19
.6
7
K
(2
01
4)

Su
rf
ac
e
w
at
er

E
nt
er
in
g
th
e
co
un
tr
y
(t
ot
al
)
(1
09

m
3
/y
ea
r)

84
(2
00
2)

84
(2
00
7)

84
(2
01
2)

84
(2
01
4)

In
flo

w
su
bm

itt
ed

to
tr
ea
tie

s
(1
09

m
3
/y
ea
r)

84
(2
00
2)

84
(2
00
7)

84
(2
01
2)

84
(2
01
4)

In
flo

w
se
cu
re
d
th
ro
ug
h
tr
ea
tie
s
(1
09

m
3
/y
ea
r)

55
.5
(2
00
2)

55
.5

(2
00
7)

55
.5

(2
01
2)

55
.5

(2
01
4)

A
cc
ou
nt
ed

in
flo

w
(1
09

m
m

3
/y
ea
r)

55
.5
(2
00
2)

55
.5

(2
00
7)

55
.5

(2
01
2)

55
.5

(2
01
4)

To
ta
le
xt
er
na
lr
en
ew

ab
le
(1
09

m
3
/y
ea
r)

55
.5
(2
00
2)

55
.5

(2
00
7)

55
.5

(2
01
2)

55
.5

(2
01
4)

G
ro
un
dw

at
er

E
nt
er
in
g
th
e
co
un
tr
y
(t
ot
al
)
(1
09

m
3
/y
ea
r)

1
(2
00
2)

1
(2
00
7)

1
(2
01
2)

1
(2
01
4)

A
cc
ou
nt
ed

in
flo

w
(1
09

m
3
/y
ea
r)

1
(2
00
2)

1
(2
00
7)

1
(2
01
2)

1
(2
01
4)

W
at
er

re
so
ur
ce
s

To
ta
le
xt
er
na
lr
en
ew

ab
le
(1
09

m
3
/y
ea
r)

56
.5
(2
00
2)

56
.5

(2
00
7)

56
.5

(2
01
2)

56
.5

(2
01
4)

To
ta
lr
en
ew

ab
le
su
rf
ac
e
w
at
er

(1
09

m
3
/y
ea
r)

56
(2
00
2)

56
(2
00
7)

56
(2
01
2)

56
(2
01
4) (c
on
tin

ue
d)



428 T. S. K. M. Rabie

Ta
bl
e
1

(c
on
tin

ue
d)

19
98
–2
00
2

20
03
–2
00
7

20
08
–2
01
2

20
13
–2
01
7

To
ta
lr
en
ew

ab
le
gr
ou
nd
w
at
er

(1
09

m
3
/y
ea
r)

2.
3
(2
00
2)

2.
3
(2
00
7)

2.
3
(2
01
2)

2.
3
(2
01
4)

To
ta
lr
en
ew

ab
le
w
at
er

re
so
ur
ce
s
(1
09

m
3
/y
ea
r)

58
.3
(2
00
2)

58
.3

(2
00
7)

58
.3

(2
01
2)

58
.3

(2
01
4)

To
ta
lr
en
ew

ab
le
w
at
er

re
so
ur
ce
s
pe
r
ca
pi
ta
(m

3
/in

ha
b/
ye
ar
)

82
2.
2
K
(2
00
2)

75
1.
2
K
(2
00
7)

68
0.
6
K
(2
01
2)

63
7.
1
K
(2
01
4)

E
xp
lo
it
ab

le

Ir
re
gu
la
r
re
ne
w
ab
le
su
rf
ac
e
w
at
er

(1
09

m
3
/y
ea
r)

49
(2
00
2)

49
(2
00
7)

49
(2
01
2)

R
eg
ul
ar

re
ne
w
ab
le
gr
ou
nd
w
at
er

(1
09

m
3
/y
ea
r)

0.
7
(2
00
2)

0.
7
(2
00
7)

0.
7
(2
01
2)

To
ta
le
xp

lo
ita

bl
e
w
at
er

re
so
ur
ce
s
(1
09

m
3
/y
ea
r)

49
.7
(2
00
2)

49
.7

(2
00
7)

49
.7

(2
01
2)

To
ta
ld

am
ca
pa
ci
ty

(k
m

3
)

16
8.
2
L
(2
00
0)

16
8.
2
L
(2
00
5)

16
8.
2
L
(2
00
8)

16
8.
2
L
(2
01
5)

D
am

ca
pa
ci
ty

pe
r
ca
pi
ta
(m

3
/in

ha
b)

23
72

K
(2
00
0)

21
67

K
(2
00
5)

19
64

K
(2
00
8)

18
38

K
(2
01
5)

So
ur
ce

A
Q
U
U
A
ST

A
T
(h
ttp

://
w
w
w
.f
ao
.o
rg
/n
r/
w
at
er
/a
qu

as
ta
t/m

ai
n/
in
de
x.
st
m
)

http://www.fao.org/nr/water/aquastat/main/index.stm


Potential Climate Change Impacts on Livestock and Food Security … 429

In contrast, both of rainfall and groundwater are limited and therefore, cannot be
depended uponwhichmakes Egypt highly dependent on the Nile River for all service
activities which affect the economy. Moreover, 80% of freshwater from the Nile is
used by Agriculture activity only. Table 1 summarize freshwater resources in Egypt.
Most of the dams under construction are concentrated in the developing countries
[16]. The construction of substantial dams on global rivers does not just influence the
country inside which the dam is built yet impacts rise above the limits to downstream
countries and their communities likewise, particularly those relying upon freshwater
for rural productions.

The development of the Fantastic EthiopianRenaissanceDam (GERD)withwater
stockpiling limit of 74 BCM to create 6000 megawatts (MW) of low-cost energy on
the Nile River is required to influence Sudan and Egypt as downstream countries
and their rural communities. Water diminishment, particularly amid the dam repos-
itory filling period, is expected to intensify water deficiency in Egypt and like this
influence agricultural production, domesticated animals’ production, and the jobs of
the livelihoods of the rural poor. Moreover, creating lands in the Nile Delta confront
the danger of immersion from sea level rise [17, 18]. This may altogether diminish
the agricultural production of Egypt since it is evaluated that 30–40% of Egypt’s
agricultural production is from the low-lying zones of the Delta and drift that are
vulnerable to sea level rise [19]. Likewise, many studies have been launched by the
collaborations between Alexandria University (AU), and the Coastal Research Insti-
tute of theNationalWater ResearchCentre. The general point was to improve Egypt’s
versatility and diminish weakness to environmental change impacts. A combination
of spatial planning and enhanced coastal defenses to manage the risk of sea level rise
(SLR) and storm surge is needed. Proactive adaptation requires more effective part-
nerships among different stakeholders to facilitate the transition towards safe urban
development in large port cities and to implement effective disaster management in
the event of flooding [20].

2.2 Agricultural Water Withdrawal

The annual measure of self-providedwater is pulled back for irrigation, domesticated
animals and cultivation purposes. It can grasp water from essential inexhaustible
and secondary freshwater resources, yet as water from over-deliberation of sus-
tainable groundwater or withdrawal from fossil groundwater, coordinate utilization
of agricultural drainage water, coordinate utilization of (treated) sewer water, and
desalinated water. Water for the dairy farm and meat industries, and the modern pro-
cedure of agribusiness is encased underneath mechanical water withdrawal. Table 2
demonstrate water withdrawal in Egypt in different aspects.
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Table 2 Water withdrawal in Egypt

2008–2012 (2010)

Agricultural water withdrawal (109 m3/year) 67

Industrial water withdrawal (109 m3/year) 2

Municipal water withdrawal (109 m3/year) 9

Total water withdrawal (109 m3/year) 78

Agricultural water withdrawal as % of total water withdrawal (%) 85.9

Industrial water withdrawal as % of total water withdrawal (%) 2.564

Municipal water withdrawal as % of total withdrawal (%) 11.54

Total water withdrawal per capita (m3/inhab/year) 910.6 K

Fresh groundwater withdrawal (primary and secondary) (109 m3/year) 8.045

Total freshwater withdrawal (primary and secondary) (109 m3/year) 73.8

Desalinated water produced (109 m3/year) 0.2

Direct use of treated municipal wastewater (109 m3/year) 1.3

Source AQUASTAT (http://www.fao.org/nr/water/aquastat/)

2.3 Water Demand for Agriculture, Pasture and Forage
Crops

More than 76 billion m3/year are estimated to be required for all socioeconomic sec-
tors [21]. There was a gap between freshwater resources and Egypt’s requirement. In
the year 2000, Egypt considered as below the water poverty line. The only solution
for this risk is increasing the freshwater resources from conventional sources, which
is improbable. In the meantime, nonconventional sources could be a hope such as
desalination or cloud seeding which are also infeasible and costly. As the result of
incredible increase of the population, the water requirements of different sectors
increase rapidly as well, ambitious agricultural expansion, and elevated living stan-
dards. In 2014, total water withdrawal was estimated at 76 billion m3 which include
62.35 billion m3 for agriculture (83.3%), 9.95 billion m3 for municipalities (12.8%),
1.2 billion m3 for industries (1.6%), and 2.5 billion m3 loss and evaporation from
Nile and canals (3.3%). So that the agricultural sector is considered to be the signifi-
cant high freshwater consumables. The prediction of future water requirements will
be accelerated with a combined effect of rapid population growth and an increase
of food demand and living standards [22, 23], as the results, increase of meat and
milk consumption causing need more water resources to adequate the forage crop
cultivation.

Potential negative impact on water availableness and access to and demand for
water might occur in most countries attributable to global climate change and its
variabilities. Where, global climate change can have comprehensive magnitudes for
livestock production, that preponderantly result from its impact on rainfall patterns
that confirm each the amount and quality of grassland and land post-productivity

http://www.fao.org/nr/water/aquastat/
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[24]. Overall, the diminished amount and quality of accessible water might occur
attributable to adverse global climate change influence on water resources and fresh-
water ecosystems [25]. Increasing heat stress as a result of temperature change can
significantly increase water necessities for a farm animal. Heat stress will ofttimes
intensify water issues, in hot dry areas resulting in overgrazing that ultimately cul-
minate in a rapid runoff in these areas resulting in flooding. Frequent droughts may
be a reason behind concern in terms of sickness and parasites distribution and trans-
mission, aside from the physical losses to a farm animal. As a result of temperature
change, all water resources can dry up as a result of extreme temperatures, and farm
animal production is going to be severely hampered in such cases [26]. Further, the
drying of water resources can produce a state of affairs wherever livestock have to
be compelled to walk long distances in search of water, making extra stress to those
animals. Hence, it is attending to be an enormous challenge for livestock researchers
across the world to develop appropriate ways to confirm access to water for livestock
production.

3 Agriculture and Food Security

The agriculture sector is enormous water-consumer where, 90% of the land cur-
rently used for agriculture system which is characterized by sustenance but with low
yields of both crops and farm animal’s production. Food crops production has been
expanding over the last decade, but food production faced of production shortage
which doesn’t cover local demands in the Nile Basin, so, all net food has to be
imported. To enhance provincial vocations and upgrade food security in the area, it
will be important to enhance the efficiency of this productivity framework by pre-
senting water and soil conservation strategies, giving quality seeds, and empowering
the utilization of composts. Administration objective ought to be to expand both soil
infiltration rate and the water-holding ability to increase the accessible water in the
soil for crop development. Infiltration will result in improvements in the quality of
natural ecosystems and water in aquatic ecosystems [27, 28]. To enhance production,
and subsequently rustic employments, interests in water administration are the main
point to open the potential in rainfed farming. Also, populace and food securities are
the two fundamental components prompting the expansion and the requirement for
more developed agriculture in both rainfed and irrigated agribusiness.

Food security, as defined by the United Nations’ Committee onWorld Food Secu-
rity, is “The condition in which all people, at all times, have physical, social and
economic access to sufficient safe and nutritious food that meets their dietary needs
and food preferences for an active and healthy life” [29]. Over the coming decades,
an evolving atmosphere, increasing of the worldwide populace, rising nourishment
costs, and environmental stressors will have extremely unverifiable impacts on sus-
tenance security (see Fig. 1). Rising temperatures and expanded recurrence of a high
degree of dry and wet years are relied upon to moderate advance toward expanded
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profitability of yield and domesticated animal’s frameworks and enhanced food secu-
rity as well. Adjustment procedures and strategy reactions to worldwide climate
change, including alternatives for taking care of water portion, land utilize designs,
sustenance exchange, post-harvest nourishment handling, and food costs and security
are desperately required. These strategy reactions will be fundamental to enhance
the living states of smallholders moreover, country populaces over the globe.

3.1 Land Degradation and Desertification

Even though the Aswan high dam is exhaustive control of the Nile’s yearly flooding,
it has created a few negative impacts, nonetheless, highest of which is a progressive
diminishing in the richness and subsequently the efficiency of Egypt’s riverside
agricultural lands. Aswan high dam is considered as one of the biggest dams on
the planet, it is 2142 m in length and is penetrated by 180 floodgates that in the
past passed the entire Nile flood, with its overwhelming heap of sediment. In like
manner, a significant part of the flood and its heap of rich fertilizing silt is presently
impounded in reservoirs and canals; the sediment is consequently never again kept
by the Nile’s rising waters on farmlands. Egypt’s yearly use of around 1 million tons
of counterfeit manures is a deficient substitute for the 40 million tons of sediment
earlier kept every year by the Nile flood [30].

3.2 Growth and Development

The farming area is an awesome significance to the Nile Bowl countries particularly
Egypt since it is a noteworthy supporter of total national output (Gross domestic prod-
uct, GDP), business, and nourishment security. Gross product per capita is demon-
strating that there are expanding of improvement in the Gross domestic product in
Egypt from 2011 to 2016 (Fig. 3).

Fig. 3 Gross domestic product (GDP) per capita, PPP (constant 2011 international $). Source
FAOSTAT [2]
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The effects of environmental change at the Nile basin are not uniformly dis-
persed—the poorest individualswill endure soonest andmost. Environmental change
is a grave danger to the creating scene and a noteworthy hindrance to proceeded with
destitution decrease crosswise over numerous measurements that is claiming the
developing regions are as of now hotter, by and large, than developed districts, and
they likewise experience the ill effects of high precipitation changeability. Subse-
quently, developed nations are intensely subject to horticulture, the most atmosphere
delicate of every monetary part, and experience the ill effects of lacking wellbeing
arrangement and low-quality open administrations. Low salaries and vulnerabilities
roll out adjustment to atmosphere improvement remarkably difficult. Because of
these resistances, climate change is probably going to lessen advance effectively low
wages and increment ailment and passing rates in creating nations. Falling farm liveli-
hoods will build neediness and decrease the capacity of family units to put resources
into a superior future, constraining them to go through pitiful reserve funds just
to survive. At the national level, environmental change will cut salaries and raise
spending needs, disturbing open finances.

3.3 Food Security and Poverty

Extended masses population and upstream country headway will impact the volume
of water in the Nile accomplishing Sudan and Egypt and their nourishment security.
A severe factor to environmental change is the advancement of the human population,
foreseen to be around 35% in the vicinity of 2006 and 2050. In developing coun-
tries, the consumption rate of meat and dairy products is brought down per-capita
contrasted with the developed countries where consumers regularly watch meat and
dairy product as a part of an unrivaled eating regimen and a predominant life and have
not yet been instructed about their negative impacts (Fig. 4). In any case, meat and
dairy analogs can yield by long shot unrivaled outcomes, particularly if they are pub-
licized with such purpose. To enhance country vocations and upgrade nourishment
security in the district, it will be vital, in this way, to enhance the profitability of this
cultivating framework through presenting water and soil preservation strategies, giv-
ing quality seeds, and empowering the utilization of manures. From the viewpoint
of water administration, mediations to increment horticultural profitability ought
to incorporate projects to build water collecting, grow flooded territories, enhance
the water-maintenance properties of soil in the upstream countries, and enhance
profitability and water-utilize efficiency in the downstream countries. Additionally,
administration objective ought to be to augment both soil infiltration rate and the
water-holding ability to build the accessible water in the soil for crop development.
This infiltration will bring about changes ecosystem and of water in aquatic biologi-
cal systems [27, 28]. Recently, environmental change is a characterizing challenge of
our circumstances. Its effect will be worldwide, sweeping and generally irreversible.
Atmosphere change is now expanding the risk of presentation to hunger and mal-
nutrition and food insecurity among the poorest and most defenseless individuals.
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Fig. 4 Effect of climate change nexus on poverty in Egypt. Source FAOSTAT [2]

Natural disasters are winding up more regular and extraordinary, land and water are
becoming more rare and hard to access and increments in agricultural profitability
are ending up harder to accomplish.



Potential Climate Change Impacts on Livestock and Food Security … 435

4 Livestock Production

In this part addresses in detail the effect of environmental change on domesticated
animals’ generation. This part involves five principle items covering the immediate
effects of environmental change on poultry and farm animal’s development, milk and
veal production, and its genetic resources in Egypt. This part additionally talks about
extravagantly on the aberrant effects of environmental change on animals, water
and forage accessibility, and other feed resources. Moreover, this part features the
significance of various inborn components by which animals adjust to the evolving
the climate variability.

4.1 Poultry Production Sector

In value terms, 26% of Egypt’s total livestock products came from poultry meat
and egg production, and Egypt’s livestock sector contributed 27% of total domestic
agricultural production in 1999 [31].

In the 1990s, Egypt’s 8.6% annual growth rate of poultry meat production
exceeded the world average of 5.2% and was much higher than other middle-income
countries such as Saudi Arabia (5.2%), Turkey (3%), and Colombia (4.1%). In com-
parison, the U.S. annual growth rate was 4.3%, and the EU’s growth rate was 3.3%
during the 1990s. China, Argentina, and Brazil, where poultry meat production grew
at an annual rate between 9 and 12.5% in the 1990’s, exceeded Egypt’s annual growth
rates (Fig. 5).

Fig. 5 Average annual poultry production growth rates in selected middle-income countries com-
pared with the United States, EU, and world average; 1990–2000. Source Economic Research
Service/USDA
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Fig. 6 Egypt’s total meat production, by type; 2013–2016. Source FAOSTAT [2]

In 2016, poultrymeat production, at 148,517metric tons, exceeded all othermeats,
including beef and veal, buffalo meat, sheep and goat meat, camel meat, and others
(Fig. 6).

Broiler and layer chickens produced in tropical atmospheres battle to perform in
high temperature and mugginess conditions. These fowls show outer indications of
heat stress; including surprised breathing, wing spreading, execution misfortune and
once in while mortality. With these undeniable indications of heat stress come more
subtle signs, for example, profound body temperature increment and the biochemical
and physiological changes that happen, therefore. At the point when profound body
temperature is lifted for prolonged periods, biochemical and physiological changes
harm essential body organs, for example, the heart, lung, liver and kidney. The heat
stress impacts on poultry production are summarized in Fig. 7.

4.1.1 The Impact of Climate Change on Poultry (Case Study)

The term for climate change includes both low and high temperature, the humidity
percentage, Co2 emissions, oxygen shortage, etc. The description of the case study
can be illustrated regarding pulmonary hypertension syndrome in chicken (PHS)
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Fig. 7 The effect of heat stress on poultry production performance

which may result from physiological and/or environmental factors [32]. The initial
event can come in many forms, but the ultimate factors can be divided to external
environmental factors, for example, altitude above sea level, frosty temperature and
hatching condition, and internal factors, for example, physiological changes can be
separated into numerous general classifications [33]. Figure 8 showed the progres-
sion of events and factors contributing to ascites syndrome in broilers. Management
also plays a significant role in ascites development. Feed limitation, lighting, air qual-
ity and ventilation have all been ensnared in ascites advancement. Also, hereditary
inclination assumes an impressive part in the frequency of the PHS [34].

What Increases Oxygen Demand in Broiler Chickens?

The essential internal factors that outcome in an insufficient oxygen supply are rapid
growth and proficient feed efficiency. This has brought about broilers with such a
high rate of digestion that its heart and lungs are scarcely fit for sufficiently giving
oxygen to support the body. The increased body demand for oxygen prompts an
increase in cardiac output because the same amount of oxygen is needed by the
body. Therefore, the body starts producing more red blood cells to increase the
oxygen carrying capacity. This increase in the number of erythrocytes resulted in
a concomitate increase in hematocrit [35, 36], and blood viscosity and caused the
difficulties to be pumped through the lungs. Also, found that hematocrit in ascitic
broilers increased after exposure to cold and that the increase became significant
approximately two weeks before death [37].
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Fig. 8 Progression of events and factors contributing to ascites syndrome in broilers
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External cold temperatures, coupled with high energy diets, can result in ascites-
related deaths because of insufficient pulmonary vascular capillary capacity for the
blood flow necessary to meet a high metabolic oxygen requirement. Because of the
right ventricle of birds has developed as a volume pump, not as a pressure pump,
since the heart rarely had to respond to changes in pressure [38], hypertrophy of
the right ventricle will, in the end, result in diminished effectiveness of the privilege
atrio-ventricular valve. Valvular disappointment will cause the reverse of blood from
the right ventricle to the atrium, net enlargement of the right ventricle and the right
ventricle failure, orderly circulatory congestion, trailed by liver congestion. This
has been well documented in humans with liver cirrhosis or renal failure [39]. The
link between cold stress and ascites incidence soon led to investigations of exact
temperature effect on metabolism and chicken oxygen requirements. The oxygen
consumption by broilers strains which selected for either feed efficiency or weight
gain was increased 43–59% by lowering the temperature [40].

Environment and Management

Besides the effect of cold temperature to introduce the PHS in chickens, the effect
of high altitude (either natural or simulated) is apparent to be the 2nd indirect reason
for PHS induced via decreasing in partial pressure of oxygen. The equivalent per-
centage of oxygen drops approximately 1.0% for every 500 m rise in elevation [41].
Significant microscopic damage to the heart, lungs and kidneys of the birds reared
at high altitude have been noticed. These microscopic changes also were seen in
one-week-old broilers raised at high altitude [35], and in birds exposed to simulated
high altitude. When the PHS was first observed, it was seen mainly in areas of higher
altitude and fast-growing broilers although it now occurs at all altitudes. In suscepti-
ble lines, hypoxic conditions amid hatching of the chicken egg have been appeared
to cause an expansion in the occurrence of the PHS in the grown-up chicken. Unfor-
tunately, good management and environmental practices that encourage high feed
intake and rapid growth tend to exacerbate ascites. Although the PHS is not fully
understood, this heart failure is thought to be a consequence of cold temperature a
combined with a lowered oxygen tension in poultry houses.

4.2 Large Animal Production

In Egypt, foreign agricultural service (FAS-Cairo) figures calf production in 2018 to
increment to 1.93 million head, up 4% from 1.85 million head in 2017. The govern-
ment is seeking after expanded localmeat production. TheEgyptian crowd’s shortage
of heifers, including more young female calves, held for multiplication is because
of ranchers benefiting from solid local domestic beef demand driving prices. Small-
holder ranchers likewise move animals to slaughter rapidly to maintain a strategic
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distance from exorbitant costs on vaccinations and costly sustains. Post characteris-
tics the expansion in overall calf numbers to the government’s enhanced disease con-
trol measures and inoculation programs, and it is settingminimum slaughter weights.
The legislature is additionally controlling the cost of some animal feed input costs
[42]. It’s clear that after the animal exposure to heat stress not only decreases the
milk yield in dairy animals, but it has dramatic effects on body weight in beef cattle
because of decreasing of feed intake and feed conversion and increasing of water
consumption. In the following parts, the effect of high temperature on the domestic
animal will be discussed.

4.2.1 Livestock Production Chains, Impact on Rural Society

Crop/livestock framework is the fundamental framework at the worldwide scale,
gives around 75% of dairy, 60% of meat and up to half of cereals production [43].
Milk production in little scale gives rural work and cash money while in the mean-
time helping in enhancing, strengthening and balancing out agricultural production
framework [44]. In Egypt, crop-livestock production framework is considered as
the principal farming system including around 95% of the bovine population (dairy
cattle and buffaloes). Crop-livestock production framework gives around 75% of
milk production at the national scale, while 25% delivered by business ranches [45].
Moreover, livestock is considered as security assets influencing access to informal
credits and loans to aid smallholders in crises and events (like bride price payments).
In numerous smallholder frameworks in developing countries, manure is considered
as critical as milk and meat. Likewise, buffalo is considered as the backbone of the
farmer’s financial aspects of in 40 countries, notably Egypt [46]. In Egypt, water
buffaloes are the principal source for milk production and contribute over 70% of the
yearly milk production [47]. The buffalo population was around 3.5 million head in
the year 2016 [2]. Around 42% of the buffalo population is dairy cows, 32% heifers,
6% bulls and 20% male calves. Although the farmers are spending a lot of effort,
time and investment to produce milk or meat, and they receive a small proportion of
the profit—which considered one of the threats to the whole production system sus-
tainability—,livestock is considered as security assets influencing access to informal
credits and loans to aid smallholders in crises and events (like bride price payments).

(a) Dairy Production Chains, and Climate Impacts
Dairying is often part of a mixed farming system in which manure is used for fer-
tilizing cash crop production. Dairy animals are fed on different feed stuff such as
grass, crop residues and cultivated grains. Supplementary feeding is practiced only
when feasible. In Egypt, the traditional system is characterized by small-herd size
less than 50 head of the animal, less than 5 feddans and keep native and crossbred
animals. The feeding system relies upon Egyptian clover in winter and maize and
sorghum in summer, supplemented with a constrained amount of fixing ingredients
such as corn, wheat bran, soybean meal, and so on.) or concentrate feed mixture.
This framework gives around 75% of milk production on the national scale [45].
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Milk production in small scale farms enhances the sustenance security of family
members, as well as makes a few work opportunities along the dairy chain [48].
There were different types of chains, first and regular one called short chain and
abundance at towns which there were no merchants for buffalo milk which might be
in charge of a couple of buffaloes raised to cover just family consumption, and the
rest was sold to neighbors and customers in town without mediators amongst mak-
ers and purchasers. On the other hand, the long chain included producers, traders,
milk shops, milk processing units and consumers. In this kind of chain, farmers were
gotten lower prices in a regular payment (weekly payment). Moreover, more jobs
opportunities offered along the chain. Also, the price of milk is increased regarding
the distance between the production area and milk marketing area. Both of chains
depending on dairy cattle, nature food resource, clean water, and sustainable envi-
ronments. Opposite of the climate stability effect on production, the main effect of
preeminent high temperature on milk production is most likely most injurious for
livestock production system where, which animals must be forced to reduce feed
intake, resulting in lowered milk yield [49]. The heat stress not just reductions the
milk yield yet it remarkably influences the quality ofmilkmoreover. Furthermore, not
only a high temperature is the main key, but the humidity is also an important aspect
of controlling milk yield in the animals. The reduction of milk production can range
from 10 to >25%. Asmuch as 50% lessening in milk yield can be due to reduced feed
intake during heat stress, and the other 50%might depend on heat-related lactogenic
hormone fluctuations. Besides, the lowmilk yield production is also dependent upon
breed, the age of the animal, stage of lactation, and forage availability [50]. More-
over, the heat stress resulted in decreasing of the percentage of both protein and fat
in milk and colostrum. In the hot atmosphere, the milk composition goes to down
for fat and protein percentage, solid not fat (SNF), and total solid % in dairy cows
[51]. The milk freezing point is also affecting by heat stress because of decreasing of
the percentage of lactose and acidity in the milk. Also, milk produced by the animal
which exposed to heat stress has lower calcium (Ca), phosphorus (P), and magne-
sium (Mg) content and higher on chloride [52]. Correspondingly, fatty acid content
conveys the heat-stress by a significant deficit of the proportion of short-chain and
medium-chain (C4–C10, and C12–C16 respectively), while remaining or increasing
the long-chain fatty acid (C17–C18) in milk [52]. The reasons for these changes in
the fatty acid chain contents may be due to either by reducing of synthesis of these
free fatty acids (FAA) in the mammary glands or by destructive energy of the cow
revealed to heat stress. Moreover, heat stress negatively affects α- and β-casein in
the milk which will prompt expand the pH of the milk and lower P content [53].

(b) Veal Production Chain, and Climate Impacts
In the old lands (OL) which called Nile Valley, the mixed crop-livestock systems
were described as dominance, and in the newly reclaimed lands (NRL) in the west
Delta. This system relies on the allocation of lands between fodder and food crops;
green fodder (Clover, horse grass and corn) and grain (corn) square measure the
most parts of the feed ration of the herd, and crop residues from food and cash crops.
Wheat bran as an industrial byproduct is intensively utilized in each OL, and NRL
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because it is reasonable price and its more substantial volume of the same unit weight
of other alternatives like grains. In most cases, manure is directly applied to the land;
and veal value used to finance annual expenses like rent land or animal investments,
it is easy to recognize that the OL is distinguishable to the NRL. So, the animal
charge per ha is between 3 and 11 animal/ha OL, compared to 2–3 animals/ha in
the NRL. These variations will affect the needs of each group and each region for
services and development. Newly reclaimed land may need balance services for both
livestock and other agriculture activities. Old land needs more low-cost services to
be sustained and very tight vaccination and biosecurity programs to protect the main
source of income and the main protein source for families. Many farmers in new
land tended to increase the number of livestock especially cattle to deal with the
high fluctuation of vegetables and fruits price in the local market, also to provide
daily income and high-quality organic fertilizer for land which will decrease the
need for buying more chemical fertilizers. Most of the buffalo breeders sold young
calves (veal) to save milk and to get a quick source of money. Cattle breeders, mainly
breeders of Baladi (native) cattle, prefer to valorize the veal. Sometimes, certain use
of the crossbred orBaladi cows are to suckle buffalo veal, whichwill decrease the cost
of rearing buffalo calves and increasing the revenues of selling more buffalo milk.
The marketing decision between veal and milk can vary from one year to another
according to family needs. For land renters, they usually rear and sell their calves
to cover the cost of renting land. More generally, most of them were depending on
milk as family food and as a daily cash income [54].

It is realized that domesticated animals that are presented to high surrounding tem-
peratures enlarge the endeavors to disperse body warm, bringing about the expansion
of banting, body temperature, water consumption and a decrease in feed consumption
[43]. Aside from feed consumption, sustain transformation additionally significantly
diminishes after the presentation to warm pressure. Exposure of the animal to a high
natural temperature stimulates the peripheral thermal receptors to transmit suppres-
sive nerve driving forces to the craving focus in the hypothalamus and in this way
causes an abatement in feed intake [55]. That is might be due to animals adapt them-
selves to produce a low amount of body heat. The decrease in feed intake could
be due to the adaptive mechanism of the animal to produce less body heat. Animal
growth is the expansion in the live weight or cell duplication. It is controlled by
both genetically and environmentally [55]. Increased of encompassing temperature
is thought to be one of the natural components influencing growth and average daily
weight gain in domesticated animals. The explanation behind the impacts of raised
surrounding temperature on growth lessening could be because of the reduction in
anabolic action and the expansion of tissue catabolism [55]. The expansion in tissue
catabolism could be credited to the increment in catecholamines and glucocorticoids
after exposure to heat stress in domesticated animals.
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5 Livestock Genetic Resources

Among the domesticated avian species, customary breeds developed for meat or egg
production are a colossal source of genetic variety. Such breeds result from sev-
eral times of determination by farmers and breeders, consolidating an assortment of
unique genes and gene combinations. In like manner, exceptional selection for odd
and interesting traits brought about the variety of favor breeds treasured by special-
ists. The moderately little size of most poultry species (especially the chicken and
Japanese quail), alongside their marvelous regenerative limit and genetic variability,
make them especially appropriate to multi-generational examinations with thorough
selection or extensive levels of inbreeding. This has fortified the improvement of
numerous imperative genetic resources of chicken, turkey, and quail by scientists in
agricultural departments at public universities or in agricultural research institutions.
These particular genetic stocks have contributed broadly to explore in fundamental,
biomedical, and rural sciences. To date, no formal preservation plan exists for these
stocks at any authoritative level. Rather, protection of these imperative avian genetic
resources is generally individually dependent, here and there associated through
breed affiliations or scholarly circles, yet to a great extent as free endeavors. This
absence of a formal conservation design is especially risky to inquiring about genetic
resources. Not at all like the more broadly scattered conventional or interest breeds,
particular research stocks are regularly kept at just a single location, which makes
them significantly more powerless against extinction.

Specifically, when such stocks can never again be kept up by their curating spe-
cialist, they are regularly seen as a superfluous deplete on decreasing financial assets
at that institution and might be dispensed with at short notice. So that, it is vital
to discuss around the avian and livestock genetic diversity in Egypt serving many
individual attempts to reach the goal of keeping indigenous animal far from the risk
especially with the circumstances of severe climate change.

5.1 Avian Genetic Diversity

Poultry is an important enterprise in that it contributes to farm families’ income,
nutrition and social obligations. In Egypt, indigenous chicken produces 44% of meat
products [56]. These indigenous chickens have not been characterized, and therefore
long-term breeding plans become difficult to organize. Through evolution and long-
term exposure, some indigenous chicken may be suited to the tropical conditions and
local management practices. Tropically relevant genes, e.g. the necked neck gene in
heat stress can be an important contribution of the indigenous chicken. Some indige-
nous chicken in Africa is genetically tolerant to some endemic diseases and parasites,
e.g. Marek’s disease, coccidiosis, and climatic stresses. Moreover, indigenous chick-
ens are generally better in disease resistance and could maintain a higher level of
performance under poor nutrition and high environmental temperatures compared
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to commercial strains under village systems. An increasing loss of genetic diver-
sity has been observed for all agriculturally used species, and more than half of
common livestock breeds especially poultry are now endangered or at risk of extinc-
tion [57]. Agriculturally important genetic stocks include those selected for various
production-related characteristics. These include egg production, body shape, feed-
use efficiency, leg strength, and disease resistance. Ironically, these selected stocks
that are particularly vulnerable when funds become limiting, because improvements
in production-related traits require many years and a relatively large number of birds
each year. With the increasing attention given to the characterization of the African
genetic resource [58]. The first phase of characterization involves the identification of
populations based on morphological evaluations. Morphometric measurements have
been used to evaluate the characteristics of various Egyptian local strains of chickens
[59], and production and some physiological aspects as well. Recently, Molecular
markers have proven to be superior to the conventional methods for determining
gene flow in chicken stocks. Also, information on hereditary variety can give essen-
tial contribution to design successful strategies for preservation and restoration of
characteristic local breeds. The generation of the apparatuses in advance of sequenc-
ing (molecular markers, linkage maps, BAC libraries, and so on.) was being started
to preserve the accessible unrivaled germplasm of the Egyptian indigenous chickens
utilizing different molecular methods [60–62]. Even though the local breeds contain
genes germane to their adaptation to specific environments and local breeding objec-
tives, the local chickens confront genetic disintegration which may prompt the loss
of profitable genetic variability in particular traits. Like this, indigenous chicken has
continuously been replaced and substituted by intensive industrial stocks, undermin-
ing genetic power and diversity. Besides, Policies to protect the local species will
require more scientific contributions on the genetic structure in its local dissemina-
tion extend. The assumption is that exotic breeds are better. On the other hand, this
is not generally the case.

5.2 Animal Genetic Diversity

The primarymain purpose in domesticated animals’ developments in Egypt is to give
animal protein to take care of the growing demand in the short run. This has been
done regularly with little thought for environment and supportability factors. In this
setting, local breeds are infrequently wrongly thought of as something of the past. In
Egypt, the normal lactation drain yield in Friesian dairy animals is less of what 33%
of its genetic potential. Exotic breeds have an important role in expanding national
production, yet their utilization must be supported, and the expansion of their genet-
ics must be under control. The Egyptian dairy cattle had eight breeds: two of them
were vanished or reduced (African aurochs andHamitic longhorn) while the other six
breeds are Baladi, Domiette, Egyptian, Maryuti, Menufi, and Saidi, are yet present.
Conversely, the Egyptian animal breeders mentioned that the Egyptian local cattle
are just a one breed called Baladi. Indigenous populationmay have distinctive names,
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however without evident contrasts in phenotype; an adjustment in phenotype may
happen without change in name, or all population may have only one name and be
exact phenotypically. The outcomes of molecular research gave a confirmation that
all Baladi cattle brought up in Egypt have genetic similarity and could be considered
as one breed [63], these results comparable with which detailed that Egyptian cows
have numerous breeds [2]. The strategy of cattle genetic improvements in Egypt have
included crossbreeding with exotic high production dairy cattle breeds, for example,
Holstein, Brown Swiss, Friesian and Simmental [64], notwithstanding Abondance
and Tarentaise as double reason French breeds. Tarentaise dairy cattle, plunges from
the French Savoie cows, was decided for its flexibility to intense conditions. It makes
great feed conversion,withstands temperature variety, good adaptation to hot climate,
and classified as an easy-calving breed. Finally, no genuine or virtual institutional
structures exist in Egypt whose primary concern is animal genetic resource admin-
istration responsible for breed characterization, development or improvement, and
finally breed conservation.

6 Summary

Regardless of the way that the phenomenon of worldwide atmosphere changes, and
the local effects, it is normal that Egypt would be one of the countriesmost influenced
by the impacts of climate change. These impacts are reflected in high temperatures,
changing rainfall pattern, rising sea levels, and the expanding recurrence of atmo-
sphere related disasters, which posture dangers to farming, agriculture land, water
supply, and food security. Agriculture land is a constrained that ought to be utilized
effectively and in a way that keeps up its esteem with the goal that it can produce an
adequate amount of food, fuel and forage in both the short and long term. To enhance
rural life and enhance the food security in the district, it will be fundamental, subse-
quently, to enhance the efficiency of this agricultural framework through presenting
water and soil preservation procedures, providing quality seeds, and empowering the
utilization of manures. From the viewpoint of water administration, intercessions to
increment agricultural profitability ought to incorporate projects to extend irrigated
areas, enhance the water-maintenance properties of soil, and enhance profitability
and water-utilize efficiency. To enhance production, and accordingly, farmers, pop-
ulation and food security are the two primary components prompting the expansion
and the requirement for more developed agribusiness in both rainfed and irrigated
farming. To avoid poverty, a mix of animal product from animals that have a good
feed conversion (e.g. cattle and chickens) which is great for saving the land’s esteem
and adds to effective land utilize. The benefit of choosing local and regional animal
products is that they contribute to supporting local farming and keeping the agricul-
tural landscape. This can be a particularly strong argument in regions with a small
share of agricultural land. Another benefit is that transport for e.g. the distribution
of meat and milk can be minimized. Transport can also be limited through a more



446 T. S. K. M. Rabie

Fig. 9 Components of the Egyptian chicken genetic resources system
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significant proportion of locally and regionally produced feed and more even distri-
bution of animal and feed production and favors a more even balance between farm
animals and poultry production within domestic agriculture.

7 Recommendations

Although the local breeds contain genes and alleles pertinent to their adaptation to
a particular environments and local breeding goals, the local chickens face genetic
erosion which may lead to the loss of valuable genetic variability in specific charac-
teristics. Furthermore, policies to protect the species will need more scientific inputs
on the genetic structure of the species in its native distribution range. Selection and
production of disease and parasite resistant chicken, for an example, will assist to
decrease the dependency on drugs and medication which will reduce chemicals in
animal products and the environment and good animal welfare. Creating of the Egyp-
tian Indigenous Chicken Center “EICC” will be recommended, which will help the
rural community to be able to buy cockerels from superior indigenous strains for
upgrading their stock. Furthermore, it is expected that breeding and multiplication
center of breed stock “EICC” will produce seed stock for different species of birds
that will be distributed to farmers in the villages. This will directly contribute to
improved village poultry production and diversity, resulting in increased animal pro-
tein intake among smallholders. The incorporates poultry production within existing
farming systems, then ensure a sustainable contribution to stable food security. The
smallholder will subsequently profit by the combination of various species nutri-
tiously, socially and economically, this will also lead to sustainable conservation,
management, improvement and utilization of indigenous poultry genetic resources
(Fig. 9).
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Influence of Climate Changes on Animal
Feed Production, the Problems
and the Suggested Solutions

Salah A. Attia-Ismail

Abstract Climate change is a long-term change in the earth’s climate, especially a
change due to an increase in the average atmospheric temperature. Climate change
demonstrates itself through the noticeable variation in the weather, including tem-
perature, rainfall, and wind. Agriculture in the arid land is vulnerable to climate
changes since it depends on water resources and prevailing atmospheric conditions.
Influences and consequences of these variables on agriculture might operate nega-
tively or positively. There is a reciprocal effect between climate change and animal
production. The production of livestock contributes about 18% of global greenhouse
gas emissions from all human activities. The farm animals are prone to the adverse
impacts of the changes in climate. The changes in climate will impact both of the
quantity and quality of forage production as well as their reliability. Major impacts
of climatic changes on feed crops and grazing systems would be changes in herbage
growth, changes in the composition of pastures, changes in herbage quality, and the
offset of biomass yield increases. Since pastures depend on rainfall, any changes
in rainfall patterns will affect the plants on pasture. Climate Change Convention in
Paris and declared an agreement to: “hold the increase in the global average temper-
ature to well below 2 °C above pre-industrial levels…. recognizing that this would
significantly reduce the risks and impacts of climate change”. Also to pursue efforts
to limit the temperature increase even further to 1.5 °C. It targeted to undertake
and communicate ambitious efforts to contribute to the global response to climate
change by strengthening the mobility of countries to deal with the impacts of climate
change. The efforts of some selected countries across the world have been explained
as examples and experience to get the benefit of as learnt lessons.
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1 Introduction

1.1 Definition

1. Climate change in a dictionary “is a long-term change in the earth’s climate,
especially a change due to an increase in the average atmospheric temperature”
(http://www.dictionary.com/browse/climate-change). Therefore, the climate of a
region is its typical or average weather (e.g. annual rainfall, temperature, etc.).

1.2 Global Demonstrations of Climate Change

Climate change demonstrates itself through the noticeable variation in the weather,
including temperature, rainfall, and wind. Climate change is foreseen to aggravate
in the coming decades [1].

There are several demonstrations (natural phenomena) that proof the climate
changes.

1. Global sea level: has risen about 8 inches in the last century. The rate in the last
two decades, however, has become twice as much that of the last century (https://
www.ipcc.ch/pdf/assessment-eport/ar5/syr/AR5_SYR_FINAL_SPM.pdf).

2. Global temperature rise: the planet’s average surface temperature has risen about
1.1 °C along the 19th century. The increased carbon dioxide and other human-
made emissions (greenhouse gases like methane, nitrous oxide, etc.) into the
atmosphere (https://www.giss.nasa.gov/research/news/20170118/).

3. Warming oceans: much of the increased heat is absorbed by oceans. Top 700 m
of ocean show an increase of 0.302° Fahrenheit since 1969 [2].

4. Shrinking ice sheets: the loss of 150–250 km3 (in the Greenland) of ice per year
between 2002 and 2006, and about 152 km3 (in the Antarctica) between 2002
and 2005 are the best demonstration for the effect of climate change (https://
climate.nasa.gov/evidence/).

5. Climate changes (e.g. increases in air temperatures and decreases in precipita-
tion) will make drought conditions to aggravate and prevent the sustainability of
the growth of vegetation. Increased global temperature leads to desertification,
especially in dry areas. Desertification has been identified in multiple landscapes
all over the map of the world.

However, differentweather and climate patternsmay occur as the climate changes.
Major impacts will take place, then, not only on physical processes (like the water
cycle), but also on the function of the ecosystem. In dry-land areas, the climate
becomes severer and, as a result, rivers, lakes and underground water sources will
dry up. These changes mean that feed-production zones are declining, and in many
regions crops and livestock are deteriorating. Figure 1 shows the effect of drought
disasters in the world.

http://www.dictionary.com/browse/climate-change
https://www.ipcc.ch/pdf/assessment-eport/ar5/syr/AR5_SYR_FINAL_SPM.pdf
https://www.giss.nasa.gov/research/news/20170118/
https://climate.nasa.gov/evidence/
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Fig. 1 Number of disasters as recorded by EMDAT (1974–2004). Source www.emdat.net

2 Effect of Climate Change on Agriculture

Agriculture in the arid land is vulnerable to climate changes since it depends on
water resources and prevailing atmospheric conditions. The biomass in these areas is
water stressed since the water resources are limited and subject to variable climatic
changes that are global in range and impacts.

Climatic variables such as increasing temperature, changes in precipitation rate
and pattern, human activity induced elevation of carbon dioxide concentrations, play
solo or in concert to affect agriculture.

Influences and consequences of these variables might operate negatively or pos-
itively while positive impacts are advantageous, the negative consequences present
true challenges to the future of agriculture.

The greenhouse gases such as carbon dioxide, methane, and nitrous oxide concen-
trations have increased in the atmosphere over the past centuries [3]. Agriculture is
recognized as thefirst element in naturewhich ismost affected by climate change.The
impacts of climate change on vegetation are due to the rising temperature, changes
in precipitation, and climatic patterns. One function of carbon dioxide, which is
present naturally in the atmosphere, is to partially keep the earth’s temperature [4].
The increase in the concentration of carbon dioxide will lead to global atmospheric
changes through increasing temperature and its resulting changes in other climate
parameters and thereby, affects vegetation.

Themultitudinous potential impacts of climate change on agriculturemay include
consequences on crop growth, the pattern and quality, livestock health, and pest
control. Climate change may adversely affect farming practices and management.
While the long-term effects of climate change on agriculture have been modeled
in some areas of the world, yet still ambiguous, the short term ones have been

http://www.emdat.net
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identified. Even though, the effect of extreme climate weather changes such as heat
waves, droughts, strong wind, and heavy rains is still debatable among scientists.
On the other hand, with increasing temperature, growing seasons will elongate, thus,
opening doors for the use of potential new forage species and cultivars. This also
means that a significant decline, and sometimes, complete elimination of crops may
occur. The growing seasonswill get longer because of expected climatic changes and,
therefore, the sustainability of crop production is expected to decline in all tropical
areas.

Changes in agricultural techniques and management practices also will take
place to cope up with climatic change. New technologies, the introduction of vari-
eties/hybrids and/or selective breeding should take top priority as a means to cope
up with climatic changes.

However, whereas the growth of plants is influenced by climate change impacts,
the plants at the same time have their influence on the development of climate change.
Plants absorb atmospheric carbon dioxide, use it in photosynthesis and finally release
carbon dioxide into the atmosphere through the process of respiration.

2.1 Effect of Climate Changes on Animal and Feed
Production

2.1.1 Effect on Animals

There is a reciprocal effect between climate change and animal production. The
production of livestock contributes about 37% of total methane, 65% nitrous oxide
and 9% of carbon dioxide emissions, all of which makes up to about 18% of global
greenhouse gas emissions from all human activities. In addition, 64% of ammonia
emissions come from livestock production and contaminate air, soil, and water, and
cause acid rain and damage to the ozone layer [5].

On the other hand, the farm animals are prone to the adverse impacts of the
changes in climate. For instance, the increments in air temperature and humidity can
cause stress to the animals, therefore, decrease their productivity. In periods of heat
increment, the reproduction, and appetite of animals declines. Appetite decrement
may elongate the time required to reach a targeted weight because animals consume
almost half of their feed intake. Decreased feed intake is amajor cause of deteriorated
animal production and health. The heat waves usually happen to occur during the
night—in some areas—which may lead to increasing mortality rate among animals.

However, animals have mechanisms to adapt to the hot climate. Sometimes the
adverse impacts of climate change might be disadvantageous. The effects of climate
change on animals are either direct or indirect. The direct effectsmanifestations come
from the increased atmospheric temperature (Fig. 2).

Temperatures changes (either very cold or very hot) may result in increased
heat production by the animal (that is more loss of energy), and consequently less
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Fig. 2 Effect of climate changes on livestock production [6]

energy remains for production, and the efficiency of energy utilization deteriorates.
Although other factors may intervene, the critical temperatures that the animals may
feel comfortable in are shown in Table 1.

Table 1 Critical
temperatures for animals [7]

Animal species Critical temperature

Lower Higher

Dairy cows −12/−1a 24

New born dairy calf 8–10 35

One day old chicken 32 35

Finishing broiler 16 26

One day old turkey 35 38

Finishing turkey 16 26

Laying hens 16 27–29

a−12 °C for Holstein and Brown Swiss, −1 °C for Jersey
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2.1.2 Effect on Feed Production

Forage crops are an important part of agriculture because they provide quality feed
to animals. The changes in climate will impact both of the quantity and quality of
forage production as well as their reliability. Climate changes cause environmen-
tal stresses (e.g. increasing temperature, elevated carbon dioxide concentrations)
that affect pasture and forage production. Availability of irrigation water will be
affected due to change precipitation patterns. These changes in climate may reduce
the harvested forage yield, alter its nutritive value. Societal pressure and emphasis
on the impacts of climate changes and the feed production problem have aroused and
become more important. Therefore, the knowledge of how abiotic or environmental
stresses limit forage production must increase. Taking into account that the avail-
able agricultural area is limited, pasture productivity and forage quality are critical
issues. Researchers, then, are required to address such problems including botanical
changes in vegetation.

However, depending on the climate changes affected region, the impacts will be
either positive or negative. Increasing the length of the growing season, and increased
plant growth and reducing frost damage are typical impacts of climate change in
boreal climates. Increased plant growthmay cause depletion to the soilmoisture. This
will be at the expense of subsequent pasture growth in the spring. Therefore, changes
in seasonal patterns of forage availabilitymay take place and could impose additional
provocation for grazing management. On the other hand, in regions with warmer
climates the negative impacts of climate changes are clear. Increased evaporation
as a result of rising atmospheric temperature along with environmental stresses like
drought will lead to reducing forage production and quality.

2.1.3 Effect on Forage Crop Production

Forage crops are an important part of agriculture. They provide high-quality feed
to enable high production from farm animals. Climate change will offer significant
impacts in the productivity of forage crops. As mentioned earlier in this chapter,
effects of climate change on agriculturemay include impacts on crop growth, pattern,
quality, and diversification.

Major impacts of climatic changes on feed crops and grazing systemsmay include
changes in herbage growth, composition and quality. Changes in the composition of
pastures, include changing grasses/legumes ratio. Changes in herbage quality are due
to changing concentrations of water-soluble carbohydrates and nitrogen composi-
tions. The increased incidences of drought would offset any biomass yield increases.
Changed rainfall pattern and intensity will lead to, increased nitrogen leaching in
certain systems [8].

The changes in the climate may result in severe deterioration in crop production
and to some extent the disappearance of certain crops. Quantity and quality of forage
feeds will be mainly affected because of the increase in atmospheric carbon dioxide
levels and temperature [9]. The Intergovernmental Panel on Climate Change
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(http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch5s5-4-3-1.html),
reviewed the impacts of elevated carbon dioxide in the atmosphere and con-
cluded that nutritional content of forage may decrease when carbon dioxide
concentration increases. That is because of elevated carbon to nitrogen ratios in
the plants themselves and because of the increase in the dominance of unpalatable
grassland species.

These impacts are displayed in several manifestations such as grain yield and
so does the herbage growth [10]. These are positive effects because of the reduced
transpiration, induction of partial closure of stomata, and improved water-use effi-
ciency of some plants [11]. In this case, themore intensemanagement would increase
operating costs and therefore may negate any benefits in forage production.

The increased temperature and carbon dioxide will affect the biodiversity of pas-
ture composition by altering species competition dynamics through the changes
that take place in growth rates [12]. These competitive changes are due to change
the timing and rates of germination and subsequent vegetative and reproductive
development.

The changes in chemical compositions of forage (like nitrogen and water-soluble
carbohydrates) as induced by climatic changes in temperature and dry conditions
will affect the quality of forage to be changed [13]. This author also mentioned that
lignin and cell wall constituents might be altered as the climate temperature increase.
Form and structure of roots, change in leaf growth rate may occur due to extreme
climatic changes like a flood [14]. On the other hand, Craine et al. [15] showed that
measures of forage quality (crude protein and digestible organic matter) declined
with temperature increases and increased when precipitation is increasing.

The changes in forage quantity and quality depend on the region [13, 16]. The
increment of 2 °C will negatively affect pasture and livestock production in arid
and semiarid regions and positively impact the humid temperate regions. However,
the warming has been shown to increase soil water content by accelerating plant
senescence [17].

2.1.4 Effect on Pastures

Pastures depend on rainfall. Any changes in rainfall patterns will affect the plants
on pasture. The other changes in climate will also exert their effects on pastures.
Changes in temporal rainfall distribution will reduce the effectiveness of rain through
the increased variation within and between seasons [18]. As mentioned earlier, the
increased atmospheric temperature will increase the length of the growing season
and, thus, exhaust soil moisture affecting the subsequent pasture growth, especially
in cold areas. In warmer areas, the effect of rising temperature is negative through
the increased evaporation.

In hotter and drier climates, pasture composition may shift to species that could
be less suitable for grazing and so does grazing management to suit the new prevail-
ing conditions. Increased carbon dioxide concentrations will change soil moisture
availability by delaying soil moisture depletion.

http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch5s5-4-3-1.html
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3 World Mitigating Experiences and Strategies

3.1 Worldwide Climate Change Agreement

The effect of climate change on feed crop production was investigated in several
climatic areas of the world. Since the concentration of atmospheric carbon dioxide
in 2005 exceeded the natural range, the (IPCC, https://www.ipcc.ch/pdf/assessment-
eport/ar5/syr/AR5_SYR_FINAL_SPM.pdf) started a campaign to reduce/eliminate
the reasons that cause this increment in carbon dioxide and to reduce global tem-
perature. As a result, in 2015, representatives of 197 nation [19], held a meeting
called Climate Change Convention in Paris. They announced that they have signed
an agreement to: “hold the increase in the global average temperature to well below
2 °C above pre-industrial levels…. recognizing that this would significantly reduce
the risks and impacts of climate change”. The agreement also aimed at the pursuit
of efforts to limit the temperature increase even further to 1.5 °C. They decided to
undertake and communicate ambitious efforts to contribute to the global response to
climate change by strengthening the mobility of countries to deal with the impacts
of climate change. Later on in 2016, only 94 out of the 197 nations have agreed to
enforce the Paris Agreement. The developed country partners assured the goal of the
mobilization of US $100 billion to support climate projects.

3.2 Country Actions

InNewZealand (a country where the economy is based on agriculture and forestry)
Trolove et al. [20] carried out a research program to (identify the major opportunities
that climate change brings to extend the growing season and achieve a step change in
cumulative forage crop yields via radical changes in forage germ plasm and manage-
ment). They used existing crop models and simulated weather data to predict likely
changes in forage crop production in 2040 and 2090. They grew maize silage (sum-
mer season) and wheat (winter season) at six regions to represent weather changes
and summed the biomass to give total annual biomass production. The researchers
concluded that climate change might slightly decline the maize yields in the northern
regions of New Zealand, and increase as it is grown in southern New Zealand. The
predicted warmer winters resulting from climate change would increase the biomass
of wheat by about 13–19% by 2040, and 17–38% by 2090. Generally, they found
that there was little difference in total annual biomass yields for different sowing
dates of maize. The report recommended the use of tropical or late-maturing maize
hybrids to make benefit of the expected extension to the growing season.

In Australia Howden et al. [21] recommended the creation of linkages between
industrial and political. These linkages aim to take measures to adapt to climate
changes in taking into consideration the current governmental policies and initiatives.

https://www.ipcc.ch/pdf/assessment-eport/ar5/syr/AR5_SYR_FINAL_SPM.pdf
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One of the goals of the created linkages is to manage a transition period in order
to support newly devised systems. Other goals are to ensure the smooth flow of
information on climate change, breed and select for plants to have suitable options
for higher temperature regimes and changed moisture availability. It also aims to
develop grazing systems models that are capable to link with meteorological data
to provide quantitative approaches to risk management. On farm level adaptations
to climate change, they recommended managing pasture productivity and grazing
pressure by the selection of sown pastures better adapted to climate changes, the
introduction of adaptive stocking rate strategies.

In Ethiopia Feyssa and Gemeda [22] concluded that Semi-arid areas are more
fragile to the adverse effect of climate change because they already suffer from
erratic rainfall and rising temperatures. The author suggested ways to overcome
the unfavorable impacts of climate change such as community adaptation to these
climatic hazards by employing certain mechanisms (e.g. the use of developed
rainwater-harvesting techniques, diversifying crop varieties, and improved agro
forestry practices).

In Zimbabwe Mubaya and Mafongoya [23] reviewed the role of institutions in
managing local level climate change adaptation. They noted that the growing role
of the public and private institutions in facilitating adaptation to climate changes
through institutional frameworks falls far from the requisite capacity. They attributed
this shortage to being under-resourced and fragmented. The authors also noted the
fuzziness and fluidity of institutional categorization on the ground. They highlighted
the Agrawal and Perrin [24] remarks on ongoing research opportunities to mitigate
climate change impacts that this type of research provides options tend to focus more
on technology and infrastructure alternatives for reducing vulnerabilities, with little
focus on social or institutional alternatives.

Indians Tripathi and Mishra [25] took measures to mitigate and climate change
impact like improved crop seeds, livestock, and fish culture; water use efficiency;
pest management; improved farm practices; nutrient management; agriculture insur-
ance; credit support; markets; access to information; and livelihood diversification
strategies.

In Bangladesh Bangladesh is affected by pollution emitted from India’s (surround-
ing country) power plants (3% of global emission). India is the 4th largest polluter
in the world [4]. This author expected that agricultural activities (the main source of
the Bangladesh economy), would receive a severe setback along with forest and gen-
eral ecological destruction and anticipated that there will be no vegetation left into
receive the benefit of enhanced growth. There have been efforts by the Bangladesh
government to combat pollution and emitted greenhouse gas to alleviate the impacts
of climatic changes like the promulgation of the Environment Pollution Control
Ordinance [4]. This ordinance was meant to deal with the regulations of industrial
discharge. Also, [26] showed the commitment of the government to (achieve carbon
dioxide neutrality). Also, Bangladesh is recognized as the most vulnerable country
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in terms of the cyclone and the 6th most vulnerable country in terms of floods [27].
Frequency and severity of climatic change events are increasing day by day [28].

InChina’s arid lands which are located in the central part of Eurasian continent, the
vegetation growth has shown an overall increase over the last two decades [29]. This
may suggest that part of Northern China is undergoing reversal of desertification.
Therefore, decreased desertification rate went from 1.2% at the 1950’s to 0.2% in
2003 [30]. Air temperature and precipitation rate show elevated trends in the arid
region of China [29]. These trends are expected to increase. These climatic changes
will have their impact on vegetation in the area and will lead to more vulnerable
ecosystems. The forages and feed crops will get affected in a matter that shifts
their production in both quantity and quality. Managing water resources, adopting
adaptive measures along with rational planning will all lead to mitigating the impacts
of climate changes on vegetation.

In the Mediterranean area Pastoralism is a major agricultural activity, supplying
about 30% of agricultural income according to [31]. These authors showed that
climate change impacted the area of the eastern Mediterranean basin negatively as
showed in their Normalized Difference Vegetation Index (NDVI). In North Africa,
the erratic rain and high evaporation rate, due to increased temperature, had their
effect on crops. Christensen et al. [32] predicted that precipitation would decrease
and air temperature will increase in the future. This climatic variability may change
land use and, therefore, feed crop production. So far, no models to predict the impact
of climate changes in the area of the Mediterranean basin.

InCalifornia, USA (aMediterranean climate type region) Shaw et al. [33] predicted
that climate changes (e.g. precipitation patterns) might cause the areas of the state
suitable for cattle grazing to change. Thismight due to that some areas becomewetter
and others become drier and that the range forage production would decline between
14 and 58 percent. In the San Francisco Bay Area of this state, they suggested
the impacts would be more positive, with production increases for the change in
precipitation only not involving warming effect. The California Energy Commission
[34] predicted that (in a future with higher temperatures and altered precipitation
patterns, ranchers will need to consider management options for grazing shorter or
less reliable seasons and for forage of questionable nutritional content).

In Argentina The country has a variety of climatic ecosystems from sub-tropical to
sub-Antarctic [35] leading to a nice combination of forage diversity. These authors
concluded that the climate change in rangelands of Argentina may impose certain
changes in decomposition rates, aboveground net primary production, evapotran-
spiration and runoff. The changes include forage quality; grassland storage of soil
carbon, soil quality, ecosystem structure, water storage, and habitat suitability. Addi-
tionally, there is an alteration in plant cover; and in biodiversity; as well as shifts
in C3/C4 species mix in grasslands/rangelands, fluxes of greenhouse gases. They
warned that the ecosystem could change to an irreversible stage of desertification.
Unless decisive measures are taken, the situation there may worsen.
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In Egypt Egypt has high vulnerability to climate change because depends to a large
extent on natural resources. Symptoms of the climate change in Egypt are evidently
the:

1. Decreasing precipitation rates,
2. Changing weather patterns,
3. Increased CO2 emission
4. Increased methane and nitrous emission and
5. Sea level rise.

These changes are slow but steady. This makes a difficult situation worse. Since
agriculture in Egypt is dependant on natural resources like rain, Nile river, atmo-
spheric temperature, etc., it is dramatically affected by climate change. A study
by the World Bank [36] showed that high temperatures will constrain agricultural
production and that warming may also affect water resources. According to the agri-
cultural value added decreased by 5.65% from 2000 to 2014 as a result of climate
change [37].

To address these climate changes, Egypt has adopted a (National Strategy for
Adaptation to Climate Change and Disaster Risk Reduction) announced in 2011
[38]. In the context of the (National Strategy for Adaptation to Climate Change)
[38], it was stated that the agriculture sector including feed and forage production,
agriculture is particularly sensitive to climate change.

The national strategy aims at the following:
1. Increasing the flexibility of the Egyptian community in dealing with the

risks and disasters caused by climate change and its impact on different
sectors.

2. Enhancing the capacity to absorb and contain climate-related risks and
disasters.

3. Reduction of climate change – related disasters.

The strategy depends on several determinants as follows:
1. Political will at All Levels
2. Availability of Human, Financial and Natural Resources
3. Reform and Adjustment of Institutional Frameworks
4. Amendment of Legislations and Laws
5. Strengthening the National Information Exchange System
6. Monitoring, Assessment and Follow-up, and Identification of Performance

Indicators
7. Development of a National Model for Social and Economic Analysis and

Projections.
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4 Conclusions

Climate change affects almost every aspect in our life. It affects animal feed pro-
duction, forage production, plant feed production. The above discussion provides
a view of the world as well as individual countries experience to adapt to climate
change.Onworldwide scale, it is recommended to follow the official adaptationmea-
sures of Intergovernmental Panel on Climate Change (IPCC). On individual country
scale, the adaptation and mitigation measures should take into considerations the
socio-economic dimensions aspects.

5 Recommendations

To adapt to climate changes in the field of agriculture, the national strategy for climate
change adaptation stated differentmeasures in twofields. First are thewater resources
and second is the agriculture. In water resources the national strategy recommended
specific measures for adaptation to uncertainty, increased flow of the River Nile, low
flows of the River Nile. It also recommended the maximum utilization of rainfall and
flash flood water.

In the field of agriculture, the national strategy recommended the followings:

1. Building an Effective Institutional System for Crisis and Disaster Manage-
ment

2. Biodiversity:
3. Plant Production
4. Soil and Agricultural Land Management
5. Management of Water Resources and Farm Irrigation
6. Livestock Production
7. Fish Wealth
8. Modification and improvement of agricultural economic systems
9. Rural Community.

Acknowledgement I would like to thank Dr. Veerasamy Sejian for making available the drawing
scheme on the effect of climate changes on livestock production.
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Algae and Fishes: Benefits and Hazards

Nermin Adel Hussein El Semary

Abstract Aquatic animals such as fish and crustaceans provide human beings with
high-quality protein diets. Meals of aquatic animals are based partially or even
entirely on algae. Marine algae can be grown as maricultures in marine environ-
ments in various forms. Also, algae can be used for fish diets in inland aquacultures.
Algae can also be grown not only for their nutritional value but also for their pigments
that can affect the colour and health of some aquatic animals thereby affecting their
quality and marketability. However, algal phytoplanktons are not massive in large
areas of major oceans. The reason behind that lies in the deficiency of iron despite the
presence of other major nutrients such as phosphorus and nitrogen in high concen-
trations. Recently this iron limitation in marine environments attracted the attention
of scientists. Thirteen iron fertilisation experiments in those oceans were performed
to enrich them with iron which in turn would lead to the increase of the phytoplank-
ton and consequently aquatic animals and fishes. Scientists propose that this would
cause mitigation of global warming as algae take in carbon dioxide, the main factor
responsible for global warming, and release oxygen during photosynthesis. So dou-
ble benefits are expected in terms of increasing aquatic animals and decreasing global
warming. However, the short and long-term overall effects of those experiments are
yet to be validated and evaluated. On the other hand, some algae can have a negative
impact on fishes. Toxic algae can cause massive fish mortalities. The two main algal
groups responsible for toxins production are cyanobacteria and dinoflagellates. They
can spread from one water body to another through ballast water or via biofouling
aquatic vessels such as ships and boats. This, in turn, would be harmful and even
lethal for aquatic animals and would jeopardize food security. Thereby, surveillance
of aquatic vessels must be performed.
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1 Introduction

1.1 Importance of Algae

Algae are photosynthetic plant-like organisms that have chlorophyll a in common as
well as having no embryo, no vascular tissues, no roots, stems or leaves. Their size
varies from unicellular microscopic forms to multi-cellular macroscopic organisms
[1]. Their diverse cellular organization, sizes and structure indicate that they are not
closely-related phylogenetic group but in fact a diverse group. They occupy almost
all habitats even the most extreme. Marine/brackish water algae are being the focus
of this chapter as they represent the base of food chain for edible aquatic animals
such as fish and crustaceans. Based on their sizes, marine algae can be classified
into macroscopic and microscopic forms. The macroscopic forms are usually called
seaweeds. They are found in supra-littoral, littoral and sub-littoral zones of marine
environments and are mostly benthic. In their comprehensive review, [2] enumerated
the advantage of seaweedswheremost of themarine seaweeds are green algae, brown
algae and red algae. The latter represents an important protein-rich dietary component
for animals and humans.However, algae represent a characteristic direct human food,
especially nori (Porphyra spp.), wakame (Undaria pinnatifida), and kombu (Lami-
naria japonica). Securing marine food sources would primarily depend on securing
dietary supply that is mainly based on algae. According to [2], seaweeds represent
primary producers of oxygen and organic matter through photosynthesis and repre-
sent food for heterotrophs. They also act in nutrient recycling and waste treatment
and can be used as biomonitors of eutrophication as well as indicators of natural
and/or artificial changes in biodiversity. They are of huge economic importance in
different aspects such as food, industry, agriculture and aquaculture [2]. The contin-
uous production of those algae year round is necessitated by their essence as a feed
for aquaculture. Most important algae that are cultivated are (Laminaria, Undaria,
and the red algae Porphyra and Eucheuma/Kappaphycus. These red seaweeds are
widely cultivated as a source of carrageenan, which is used in the manufacture of
food, both for humans and other animals [2].

With regard to algal nutritional value and according to FOA report, the protein
content of some filamentous cyanobacteria or bluegreen algae ranged between 60–
74% and for filamentous green algae (16–32%). The protein contents of green and
red seaweeds ranged between 6–26% and 3–29%, respectively. The lipid levels for
filamentous green algae ranged between 2–7%. The lipid contents of both green
(0.3–3.2%) and red seaweeds (0.1–1.8%) were less than those values in case of
filamentous algae. The ash content of filamentous blue-green algae ranged from 3–
11%. The ash contents of green seaweeds ranged from 12–31%. Red seaweeds had
an extremely wide range of ash contents (4–47%) (http://www.fao.org/docrep/012/
i1141e/i1141e01.pdf).

The chapter here focuses on the benefits that algae offer aquatic animals whether
as a feed or as a colourant and methods of cultivating algae to allow continuous
year-round biomass supply. The chapter also discusses ways of maximizing algal

http://www.fao.org/docrep/012/i1141e/i1141e01.pdf
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numbers in the open oceans through iron fertilization with a subsequent increase in
phytoplanktons leading to the increase in the number of aquatic animals. However,
this scenario has not been fully achieved and results so far are hereby discussed.

On the other hand, not all algae are beneficial. Some algae are toxic as they produce
toxins that cause massive fish mortalities. They can be transferred from one water
body to another and froma country to another through ballastwater and/or biofouling.
These overlooked hazards can jeopardize marine food security and endanger local
environments. Thereby, surveillance and tight monitoring are needed. The current
chapter raises concerns about those overlooked hazards.

1.2 Microalgae in Aquaculture

According to FAO report on the use of microalgae in aquaculture, all stages of
marine bivalve molluscs such as clams, oysters, scallops are feeding on live algae
as well as the larval stages of some marine gastropods (abalone, conch), larvae of
severalmarine fish species and penaeid shrimp, and zooplankton hatchery. Eight algal
species (Isochrysis sp.; Chaetoceros gracilis; Chaetoceros calcitrans; Tetraselmis
suecica; Thalassiosiera pseudonana, clone 3H; Pavlova lutheri; Isochrysis galbana;
Skeletonema costatum are usually used for feeding through active uptake by the
larvae of polysaccharides present in the algal cell walls. Algae can also play a role
in stabilizing the water quality via removal of wastes and production of oxygen as
well as the possible stimulation of the non-specific immune system in the larvae
(http://www.fao.org/docrep/003/W3732E/w3732e08.htm).

1.3 Description of the System of Inland Aquaculture

The use of underground water for culturing aquatic animals in desert areas is a
relatively new approach. The underground water receives no domestic or industrial
wastewater, thereby providing a fairly unpolluted thermal water source suitable for
their growth. The desert provides a geographical barrier that protects aquacultures
against disease and pathogens. The water is either freshwater or slightly brackish.
The wastewater of the fish culture is recycled to grow plants as it is rich in phosphate
and ammonia. This maximizes water usage efficiency and decreases the usage of
hazardous chemical fertilisers. Algae can be grown in man-made ponds to provide
feed for aquatic animals grown. A small-scale study was carried out to validate the
use of algae grown on brackish water collected from Wadi El Natroun, Western
desert, Egypt as fish feed and the use of fish waste water for growing plants and the
results were highly encouraging [3]. The algae to be grown are to be fed to fishes as
a dietary supplement or main meal for larvae.

http://www.fao.org/docrep/003/W3732E/w3732e08.htm
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The following is a simplified description of the inland aquaculture used for grow-
ing fishes with some details on components and units of the system (translated from
Arabic and summarized from [4]).

1.3.1 Fish Hatchery

Cement basins are built of red brick and are cemented with waterproof cement.
During this stage the basins are inoculated with fish hatchery with an average weight
of 1 gm until it reaches 40 gm in average.

1.3.2 The Rearing Basins

Cement basins are built by red bricks with water proof cement. During this stage,
the basins are inoculated with fish fingerlings of the average weight of 45 gm until
it reaches 400–450 gm.

1.3.3 Units Associated with the System

1. Water storage reservoir

This is a floor basin that can take 100 m3 of water volume to guarantee sustainable
water supply in the culture. The basin will be lined with an insulating plastic to detain
water within the basin.

2. Sedimentation basin

This basin is built to allow sedimentation where it has a small tilt with its two thirds
in the direction of waste opening, and the last third is separated with a short blocking
wall for water to rise above it to move to that third. This specific third is the one
that contains clean water. The culture water is dispensed after forcing it through
biological filter.

3. Biological filter
4. It is opaque and well-aerated tank that functions in purifying water. The water

tank is of 50 m3 and empty area of 50 m3

5. A headquarters

One floor designed and furnished to meet the needs of the project team.

6. Fodder store room

This is used for preserving fodder enough for at least one month. Storage conditions
are met, and the humidity must be kept to the minimum and ventilation openings are
provided.
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7. Maintenance workshop

It is used for keeping all the necessary tools/instruments and hardware used in the
project such as nettings, wood, supporters, robes, chains, and equipment.

8. Area of fish assortment and marketing preparations

It is used in fish sorting and preservation in ice. Floors are to be lined with ceramics.

2 Mariculture of Seaweeds

According to [5], algae whose life cycle does not involve alternation of generation
can be cultivated vegetatively. The vegetative culturing involves the excision of small
parts of the seaweed and cultivating them in either their natural marine environment
or in a suitable environment until reaching a suitable size. If placed in their natural
environment, the algal parts are tied to ropes or nets. Then either the whole alga
is removed or most of it, leaving a small part that will regrow into a whole thallus
once again. For hydrocolloid industry (agar and carrageenan), the vegetative method
is mostly used. On the other hand, cultivation of algae that involves alternation of
generations is difficult as it involves the transition between completely two different
phases such as Laminaria species. For this alga, the diploid sporophyte that is har-
vested as seaweed must first develop into a haploid microscopic gametophyte then
to a new sporophyte. The transition is performed in land-based facilities. The growth
rate can be increased by bubbling of air, CO2 or pumping seawater. The latter can be
useful also for manipulating temperature and salinity. The pH of the tanks should be
in the range of 7.9–8.3 [5].

3 Natural Carotenoids as Nutrients and Colourants
for Fishes: Astaxanthin as an Example

According to [6] and references therein, aquatic animals cannot synthesise
carotenoids de novo whereas algae can. The latter represents main meal of those
animals. Carotenoids are fat-soluble natural pigments whose colour is attributed to
the conjugated double bonds in the hydrogen backbone [7]. The carotenoids have
several biological roles where they function as.

Vitamin A precursor [8]; antioxidants [9]; reproduction [10] and immune system
enhancers [11]. Their overall effects would lead to growth promotion [12]. Dif-
ferent carotenoids have different colours: astaxanthin (red), tunaxanthin (Yellow),
lutein (Greenish-yellow), beta-carotene (orange), alpha and beta-doradexathins (Yel-
low), canthaxanthin (orange-red), xeaxanthin (yellow-orange), eichinenone (red).
Carotenoids are being utilized in the ornamental fish feed as colourants [11]. The
coloured fishes as salmonids are considered quality fishes among the consumers.
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Faded colours or discolouration of fishes would reduce their market value [6].
According to [13], the application of carotenoids is important to tiger shrimps as
their deficiency can lead to discoloration called “Blue disease”.

3.1 The Use of Haematococcus Alga for Astaxanthin
Production

In nature, algae such as Haematococcus pulivaris synthesizes the carotenoid pig-
ment astaxanthin which is transferred through the food web to zooplankton and
crustaceans, which in turn are prey for salmonoids and trout [14]. Astaxanthin is
biosynthesized through the isoprenoid pathway which proceed from acetyl-Co-A,
phytoene, lycopene, carotene, and canthaxanthin and then astaxanthin. According
to [15], Haematococcus pluvialis is a green alga belonging to family Haematococ-
caceae, order Volvocales. This alga predominates in temporary water bodies near
marine water bodies via its ability to cope under conditions of extreme fluctuations
in light, temperature and salinity levels due to its rapid ability to encyst [16]. There are
four types of cells in the life cycle of this alga: microzooids, large flagellated macro-
zooids, non-motile palmella forms; and haematocysts, which are large red cells with
a heavy resistant cell wall. When environmental conditions become unfavorable the
palmella stage results, followed by the resistant haematocysts and the accumulation
of astaxanthin where same conditions apply for encystment and carotenogenesis as
the two phenomena usually occur together. This alga does not produce toxin. Itsmean
protein content is 23.62%, carbohydrate 38%, fats 13%, and its mineral composition
includes Fe, Mg, Ca as well as vitamins belonging to vitamin B complex, vitamin
C, vitamin E and its astxanthin content is 1%.

[17] reported that under light conditions astaxanthin can be produced whereas in
the dark it can be produced only if an organic carbon source is present. Carotenogen-
sis and encystment can be induced by low nitrate or phosphate, high temperature
or light, or the addition of sodium chloride in the culture medium [18, 19]. When
Haematococcus cultures are exposed to continuous light ∼350 µmol m−2, astaxan-
thin formation is increased [20]. Other studies support the major role of astaxanthin
accumulation inHaematococcus as a formof protection against high light and oxygen
radicals [21]. Carotenoid bio-synthesis in cystsis also enhanced by oxidative stresses
[22]. According to [15] the industrial production of Haematococcus alga involves
growing pure cultures in closed culture container with regulated pH and temperature.
After suitable growth, cultures are transferred to open culture system ponds under
the proper stress conditions such as high light intensity to allow carotenogenesis and
encystment. Algal cysts then open to allow standardized production of Astaxanthin.
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4 Iron Fertilization

Climatic changes exemplified in ocean acidification and global warming mainly
caused by increased CO2 concentrations urged the international community to tackle
those critical environmental issues [23]. There are two main proposed scenarios
which include the control of aerosols emissions and to increase oxygen input and
decrease the release of carbon dioxide through inducing massive increases in algal
phytoplankton as a result of ocean iron fertilization (OIF) experiments or biological
pump [24].

Iron fertilization is achieved either naturally by gyres or high dust input or arti-
ficially by sinking iron powder/flakes or even iron old vehicles to induce a biomass
increase in algal phytoplankton. This would increase in aquatic animals whose basic
diet is algae [25]. The increase in iron which is an essential micro-nutrient neces-
sary for chlorophyll formation, electron acceptors such as ferredoxin, flavodoxin
and cytochromes and as a cofactor of many enzymes in the algal cell would thereby
increase growth and the uptake of macro-nutrients for phytoplankton growth [26].
According to [23], iron is known to be limiting in the subarctic Pacific, equato-
rial Pacific, and the Southern Ocean, which are known as high-nutrient and low-
chlorophyll (HNLC) regions. Phytoplankton cannot completely utilize the available
macro-nutrients (especially NO3) during photosynthesis due to a lack of iron. For this
reason, primary production in these HNLC regions is relatively low despite the avail-
ability of other nutrients. However, the biological pump would only act efficiently
if there is enough supply of macro-nutrients (i.e., nitrate, phosphate, and silicate)
into the euphotic zone [27]. To test this hypothesis, a total of 13 OIF experiments
have been performed. These OIF field experiments demonstrated that primary pro-
duction could be significantly increased after artificial iron addition [28]. However,
export production efficiency revealed by the OIF experiments was unexpectedly low
compared to production from natural processes in all, except one of the experiments
[23]. The overall conclusion so far is that even though there was an increase in phy-
toplankton due to iron fertilisation, there was not any pronounced decrease in CO2

concentrations which continue to rise [29].

4.1 Side Effects of Iron Fertilization

Side effects such as production of green house gases (e.g., N2O and CH4) [30]
development of hypoxia/anoxia [31], and toxic algal blooms such as those of the
diatom Pseudo-nitzschia [32] and the dinoflagellate Alexandrinum sp. [33] have
been reported.

[23] reviewed some of those investigations. For methane it is used as a source of
energy for microorganisms and is converted to CO2 [34, 35]. For N2O, it is already
produced in the ocean, so any enhancement of biological production would increase
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N2Ohence increasing atmospheric greenhouse gas levels rather than decreasing them
[36].

Degradation of iron-enhanced biomass may cause decrease oxygen concentra-
tions in the subsurface waters [35]. Dimethylsulfide (DMS) the possible precursor
of sulfate aerosols that cause cloud formation and climate cooling was estimated
during the experiments [30]. [23] reviewed the results of the different experiments
and concluded that significant increases in DMS production were found in some
experiments but not in all. Also, iron fertilization experiments resulted in stimulated
growth and even dominance in phytoplankton community of the neurotoxic domoic
acid producer the diatom ‘Pseudo-nitzschia’ in some experiments [32].

5 Toxic Algae

Microalgae are microscopic forms of algae which play an important role in pri-
mary production in vast areas of fresh and marine water bodies [37]. However,
some microalgae are toxic such as cyanobacteria and dinoflagellates. Cyanobacteria
are prokaryotic oxygenic phototrophs, whereas dinoflagellates are eukaryotic algae
that are major toxin producers in marine environments [38]. The latter group of
flagellated phytoplankton largely proliferate during summer time as well as other
microalgal groups such as diatoms, coccolithophorids and cyanobacteria [38] in
marine water bodies. Those microalgae owe their success in dominating their niches
to their remarkable metabolic ability that enabled them to efficiently utilize all avail-
able resources such as nutrients and light. However, more information is needed to
investigate and clarify the factors that increase their proliferative capacity especially
for dinoflagellates, which causes red tide phenomenon during summer. The interest
in these algae stems from the fact that 75% of them are toxin-producers and can
profoundly increase fish mortalities and poison the people who eat them as well as
decreasing water quality thereby causing tremendous economic loss and imposing
health threats. For example, cyanobacteria and dinoflagellates sometimes bloom dur-
ing summer in concentrations of more than a million cells/ml. Some species produce
toxins, which in such quantities kill fish. Moreover, their toxins can accumulate in
aquatic animals which in turn may pass them on to people who eat them (http://www.
issha.org/Welcome-to-ISSHA/Harmful-algae).

5.1 Cyanobacterial Toxins

According to [39], cyanobacteria are prokaryotic oxygenic phototrophs that are of
wide occurrence worldwide. They are unicellular, colonial or filamentous. The latter
can be heterocystous or non-heterocystous. Heterocystous cyanobacteria are capable
of nitrogen fixation under conditions of limited available combined nitrogen. Several
cyanobacterial strains produce toxins of variable toxigenic activities. Some strains are

http://www.issha.org/Welcome-to-ISSHA/Harmful-algae
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freshwater while others are marine. Cyanobacteria are responsible for the formation
of harmful blooms, in nearly all water bodies.

5.1.1 Cyclic Peptides

Genera likeMicrocystis,Anabaena,Planktothrix,Oscillatoria,Nostoc,Haplosiphon
and Anabaenopsis are responsible for the production of cyclic peptides. Hepato-
toxins produced in freshwater (microcystins) and marine water (nodularins) operate
through their strong covalent binding to hepatic enzymes called protein phosphatases
thereby causing their inactivation, depolymerization of hepatic cells, hemorrhage and
eventually death.

5.1.2 Neurotoxic Alkaloids—Anatoxins and Saxitoxins [39]

These neurotoxins produce rapid respiratory arrest. Three groups of cyanobacterial
neurotoxins are found:

• anatoxin-a and homoanatoxin-a, similar to acetyl choline in effect,
• anatoxin-a(S), which is an anticholinesterase, and
• saxitoxins, or paralytic shellfish poisons (PSPs) which block nerve cell sodium
channels. Anatoxin-a was found in Anabaena, Oscillatoria and Aphanizomenon
whereas homoanatoxin-a from Oscillatoria, anatoxin-a(S) from Anabaena, and
saxitoxins from Aphanizomenon, Anabaena, Lyngbya and Cylindrospermopsis.

The alkaloid toxins are diverse heterocyclic nitrogenous compounds. The non-
sulphated alkaloid toxins of freshwater cyanobacteria (anatoxins and saxitoxin)
are all neurotoxins. The sulphated PSPs, C-toxins and gonyautoxins (sulphated
derivatives of saxitoxin) are also neurotoxins, but the sulphated alkaloid cylin-
drospermopsin blocks protein synthesis with a major impact on liver cells. Some
marine cyanobacteria also contain alkaloids (lyngbyatoxins, aplysiatoxins) which
are dermatoxins [39].

5.2 Toxins Produced by Dinoflagellates

These eukaryotic unicellular protists possess two unequal flagella: one smooth longi-
tudinal & one hairy transverse. If two flagella arise from anterior end they are called
desmokont and if they arise in grooves they are called dinokont. There are also two
depressions one transverse called cingulum and one longitudinal called sulcus. The
nucleus is dinokryon. They are either thecate or naked. The emphysema vesicles
are found beneath plasma membrane. It can form cellulose plates in thecate species.
They can be photo-or heterotrophs. They are classified according to the International
Botanical code as well as the International Zoological code. Seventy five percent of
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dinoflagellates are toxin- and endocrine disturbing chemicals-producers with serious
health effects on other organisms and they are the major causal agents for Red-tide
phenomenon. They are major killers of fish through poisoning and blocking of gills.
On the other hand, they are major contributors to the food web as primary producers
the base of food chain. Major contributor to several marine coral communities in
symbiosis with other organisms such as zoothanthalae.

According to [40], the extent of biodiversity within dinophytes is largely under-
represented and new species/genera are being added annually. Areas like Middle
East and Africa are profoundly underexplored and only limited records, if any,
are available. Culture collections to study their characteristics are not available for
most of heterotrophic species simply because their living prey is unknown. Com-
mon taxonomic treatment is largely morphology-based. The information from light
and electron microscopy provides the basis for morphological description. Taxo-
nomic criteria: cingulum position and sulcus width, tabulation pattern & hyposome
and episome size, nucleus position & presence of lists. For heterotrophic sp. we
refer to its parts as epi- and hypocone unlike phototrophic sp. we refer to them as
epi- and hypotheca. [41] listed some examples of toxin-producing dinoflagellates
which include Gymnodinium spp., Alexandrium spp. and Pyrodinium spp. that are
responsible for Shellfish Poisoning caused by Saxitoxins (heterocyclic neurotoxic
Guanidine). The symptoms include Tingling and numbness of the perioral area and
extremities, loss of motor control, drowsiness, in severe cases respiratory paralysis.
Also Karenia brevis toxins are responsible for neurotoxic shellfish poisoning caused
by brevetoxins (lipid soluble cyclic polyethers). They cause gastrointestinal symp-
toms like nausea and diarrhea as well as neurological symptoms. Other genera such
asDinophysis spp. and Procentrum spp. cause Diarrhetic Shellfish Poisoning caused
by okadaic acid. The symptoms include gastrointestinal symptoms like vomiting and
diarrhea. Nevertheless, okadaic acids are carcinogenic.

6 Overlooked Hazards: Toxic and Harmful Invasive
Species Introduction by Ballast Water and Biofouling

Biofouling means the colonization of aquatic structures/vehicles such as ships
with algae and other organisms. With regard to biofouling microalgae, the
following website (http://www.gisp.org/publications/toolkit/BiofoulingGuidelines.
pdf) reported that they can cling to other fouling species and to aquatic vehicles such
as ships and boats as well as residing in microspaces and pipes. Biofouling not only
causes a negative ecological impact but also negative economic and health impacts.
For example, biofouling can introduce harmful invasive species into national waters.
This has many negative impacts that may include: Outcompeting indigenous species
with regard to space and food; preying upon indigenous species; altering environ-
mental conditions and reducing indigenous biodiversity through causing extinctions
[42].

http://www.gisp.org/publications/toolkit/BiofoulingGuidelines.pdf
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Invasive species can harm the ecological balance and cause the death of important
local organisms especially if those invasive species include toxic algae that overgrow
and outcompete native species and cause massive fish mortality in addition to lower-
ing the quality of recreational and drinking water. On the economic level, biofouling
can cause loss of productivity in aquaculture.

Therefore, there is a necessity for early surveillance of water bodies and comple-
menting this with environmental data that include all relevant information including
substrate nature, community structure, interrelations between different community
members and ecological parameters associated with this phenomenon. Alarmingly,
the continual rise of sea levels together with recurrent catastrophic natural disaster of
tsunami has exposed wide terrestrial coastal areas, objects and vehicles to invasion
by marine microalgae, some of which are toxic which in turn lead to contamination
of local water bodies as recorded in villages in Southern India [43].

Another overlooked hazard is ballast water which is the water used by oil and
cargo tankers to maintain its balance until being fully loaded with its cargo. The
water is then disposed of in the hosting port. Because of the richness of this water by
non-indigenous living organisms of algae and other biological forms, they pose an
environmental danger and can cause serious ecological damages. Invasive harmful
or toxic species can cause environmental imbalance where these organisms can be
spread and compete with local organisms for their food resources.

They may also devour many of them or produce toxins causing disease or death,
which poses a huge threat to the local environment. In addition, discharge of ballast
water may cause sediments in those waters to increase the acidity and mortality of
marine larvae (http://main.omanobserver.om/?p=57413).

In 2014, Sultanate Oman held an International conference on the management of
ballast water discharge and marine invasive species. One of the key topics addressed
was “Biofouling on ship hulls: The vector for moving marine invasive species”.
Light was also shed on the intensity & frequency of Harmful Algal Blooms (HABs)
in the coastal water of Oman and a look at harmful algal blooms (including invasive
species) and their effect in Oman waters and regional water as well with experts
attending from all over the world and recognizing the magnitude of the problem.
Quite recently, The International Convention for the Control and Management
of Ships’ Ballast Water and Sediments (BWM) has come to force by the end
of 2017 (https://www.imo.org/en/About/Conventions/ListOfConventions/Pages/
International-Convention-for-the-Control-and-Management-of-Ships’-Ballast-
Water-and-Sediments-(BWM).aspx). This convention requires aquatic vessels to
keep records of sources of ballast water and dates of renewal. Samples are to be
taken regularly to check for any harmful species present.

Therefore, it is important to both recognize the factors leading to biofouling aswell
as the types of algae able to biofoul aquatic structures. It is worthy noting that some of
the most important factors that are most likely to affect the algal community include
temperature, light intensity, pH, nutrient status (mainly P and N), dissolved oxygen
[44] and substrate nature. For example, In the Foa reviews, [45, 46], http://www.fao.
org/docrep/012/i1141e/i1141e01.pdf and http://www.fao.org/docrep/003/W3732E/
w3732e08.htm, listed some of the growth condition requirements of several algal

http://main.omanobserver.om/?p=57413
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taxa that are used in aquaculture and showed the physical and chemical conditions
that affect them.

Blooms of phytoplanktonic algae can flourish and can decline according to several
factors including for example the presence of iron in marine habitats [47]. However,
toxic and harmful algal blooms should particuarly be monitored [48] as they can bio-
foul ships and spread from one country to another (http://hab.ioc-unesco.org/index.
php?option=com_content&view=article&id=5&Itemid=16, http://www.whoi.edu/
redtide/, http://www.issha.org/Welcome-to-ISSHA/Harmful-algae). According to
[49], biofouling guidelines can be useful in pointinng out risk sources and control
measures (http://www.gisp.org/publications/toolkit/BiofoulingGuidelines.pdf). On
the biological front, biofouling algal species are mostly microscopic and lack enough
diagnostic phenotypic features. Misidentification or overlooking some harmful algal
species due to the sole use of traditional methods in the examination can lead
to erroneous conclusions. Similarly, ballast water can pose a risk of transferring
harmful algal blooms [50], http://main.omanobserver.om/?p=57413 and therefore
must be controlled through conventions among nations [51], http://www.imo.org/
en/About/Conventions/ListOfConventions/Pages/International-Convention-for-the-
Control-and-Management-of-Ships’-Ballast-Water-and-Sediments-(BWM).aspx.

7 Conclusion

Algae are primary producers that form the base of the food web and represent the
basic meal of aquatic animals such as fishes and crustaceans upon which the human
beings feed. Therefore and in order to secure food resources from aquatic water
bodies, the beneficial and nutrient-rich algae whether macroscopic or microscopic
can be cultured and grown in both marine environments and inland. The algae can
also be grown for their carotenoids that play many functions in aquatic animals.
However, some oceans are high in their nutrients and low in their iron content. This
causes a reduction in phytoplankton densities. One solution for this and for global
warming issue is iron fertilization of those oceans that would increase phytoplankton,
increase aquatic animals and decrease global warming as a result of carbon dioxide
consumption and oxygen release. However, toxic algae can harm and kill edible
aquatic animals thereby causing massive aquatic animals die off Toxins can even be
transferred to human beings leading to health risks. Therefore, toxic algae and factors
leading to their proliferation must be studied extensively and thoroughly monitored
as they can be transferred through biofouling and ballast water.

8 Recommendations

1. The expansion of non-toxic algal mariculture whether for micro and macroalgae.

http://hab.ioc-unesco.org/index.php?option=com_content&amp;view=article&amp;id=5&amp;Itemid=16
http://www.whoi.edu/redtide/
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2. The monitoring of ballast water, especially after the International Convention for
the Control and Management of Ships’ Ballast Water and Sediments (BWM),
has come to force by the end of 2017.

3. Studies should be conducted to analyse the correlation between the diversity
of biofouling algal community and the physicochemical factors associated with
themwhichwill help not only in gaining a better understanding about the harmful
species present but also will highlight the factors that lead to their growth. Gener-
ating better surveillance and detection policy of the biofouling algal communities
could contribute to our ability to better control the development of harmful and
toxic invasive species.
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Climate Change Impact on Immune
Status and Productivity of Poultry
as Well as the Quality of Meat and Egg
Products

Ahmed Soliman and Assem Mohamed Safwat

Abstract The potential impacts of climate change on poultry may include changes
in production, reproduction, quality of their products (meat or eggs) and diseases.
It is noted that high temperature during the summer season or in regions with hot
weather and high relative humidity prevent broiler chicks and laying hens to express
their high genotypes, especially when they are raised in an open production system.
Current poultry production systems comprise large numbers of birds being housed
together making them more susceptible to heat stress. Heat stress not only causes
inconvenience and high mortality rate for birds, but results also in lower or lost
productionwhich therefore reduces the profitability. Both of production performance
and feed conversion ratio are affected by heat stress conditions, which affect the
production rate. Other effects associated with heat stress include immunity reduction
and weak immune response to vaccines that decrease the resistance of birds to many
infectious diseases. In laying hens the production is markedly decrease and does not
reach to the peak with declining egg quality (e.g. thin and breakable eggshell) in
addition to lower egg weight with small size. This chapter discusses some of the key
principles (nutritional or managerial practices) that could be used in order to alleviate
the adverse effects resulting from heat stress.

Keywords Climate change · Heat stress · Poultry production · Feeding strategies

1 Introduction

In the current decades, many countries of the world (mainly in tropical and sub-
tropical regions) are affected by climate change and global worming which resulted
from emitting greenhouse gases (GHG) such as water vapor (H2O), Carbon dioxide
(CO2), Methane (CH4) and Nitrous oxide (N2O). The negative effects of increased
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environmental temperature due to climate change on poultry production representing
lower feed intake, reduction of weight gain and meat quality in broilers, in addition
to low egg production rate and egg quality, increasing feed conversion ratio and high
mortality rate in laying hens.

An increase in global average surface temperature by 2100, between 0.3 and
4.8 °C, is reported in the IPCC Fifth Assessment Report [1]. That could have several
impacts on livestock production including variation in production and quality of feed
crops and forage, and biodiversity, water availability and animal health, growth, pro-
duction and reproduction. Therefore, effective procedures must be taken to challenge
this potential risk of high temperature and its impact on livestock in general and on
poultry in particular through the implementation of effective strategies in order to
protect poultry survival and increase their productivity during hot weather.

2 Response of Heat Stress in Poultry Herds

2.1 Maintenance of Body Temperature

Chicken is a homeothermic animal, which has the ability to maintain a relatively
constant temperature of its internal organs. But this ability is highly efficient only
when the thermoneutral zone about 21–28 °C which called the temperature range or
comfortable zone, through balancing between the body amounts of heat produced
and the amount of heat lose. The large part of the heat produced through the body
metabolism, which increases the need to increase the elimination of heat to maintain
the body temperature at the normal limit of 41.4–42.9 °C. Therefore, the high temper-
ature of the surrounding environment to the direction of a large part of the production
capacity in order to maintain the body temperature at the natural limits through a
series of physiological changes that work on the stability of body temperature. These
changes have direct and indirect negative effects in efficient bird production.

The loss of heat in poultry when exposed to high environment temperature is not
through sweating due to lack of sweat glands in the body of poultry and the process of
controlling themechanismof regulating the temperature of the birds byhypothalamus
in two ways: The first is sensible heat loss through conduction, convection, fecal
excretion, egg production. This system works efficiently in the thermal range, here
the size of the comb and wattles plays an important role by providing the body with
sufficient space bare skin which provides blood, which transfers the heat from the
body to the head to be lost in concrete form, we found that the bird loses about 40%
of the heat who wants to get rid by this way. The second is an insensible heat loss,
which includes exhaustion and increased evaporative cooling due to increased heart
rate, blood flow to the skin and expansion of peripheral blood vessels. Evaporation
occurs mainly in the lungs, air sacs, and mucous area between the nasal openings
and the tracheal base.
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2.2 Behavioral Response

The birds begin to change their behavior to facilitate heat exchange or to get rid of
excess heat, which affects the productivity. The birds are exhausted and lose appetite
and begin to remove their wings from the body, and increase the speed of breath and
exhaustion to get rid of excess heat through water vapor, look for isolated places with
the lowest temperature as they stick to cold joints. This is worse if the temperature
increases with the increase in humidity as in our country now. Therefore, the ability
of the bird to evaporate is reduced, thus increasing the risk of warming. The birds
also take some physiological pathways, such as conversion and flow of blood from
internal organs to skin [2].

When the temperature rises below29 °C the thermal capacity of the bird decreases,
leading to deterioration of the feed conversion efficiency. This results in a negative
effect on production. Large and overweight birds aremore prone to stress andmortal-
ity than small ones. The ideal range of the bird begins to perform several mechanical
procedures to make its temperature constant can be explained as follows:

– Birds try to move away from each other.
– Move to cold surfaces, such as walls or places with air masses and cold currents.
– Remove the wings from the body to reduce the insulation and stripping any areas
of the skin without feathers.

– Reduce the temperature of the fatty cover under the skin.
– The flow of blood to the skin of the limbs, especially comb and wattles.
– Reduce movement and reduce food consumption.
– Increasing water consumption.
– Eliminate excess heat through intense panting.

2.3 Physiological Response

The optimum temperature degree of production performance ranging between 20 and
24 °C for laying hens and 18–20 °C for broilers. Body temperature of chickens began
increasing when the ambient temperature rose above 30 °C if the rate of increase in
ambient temperature was rapid. Physiological response to heat stress in birds involve
the functional integration of several organs to meet the metabolic needs of birds that
are trying to dissipate heat and maintain homeostasis. The chicken response occurs
through increased activity of hypothalamus, pituitary gland and adrenal gland. A
series of physiological measures to counter this stress begin by increasing the rate of
respiration from25 times/min. to 260 times/min., resulting in large amounts of carbon
dioxide and thus bicarbonate, in blood plasma [3]. In turn, the lowered concentration
of hydrogen ions causes a rise in plasma pH, a condition generally referred to as
alkalosis.

The hypothalamus starts to stimulate the secretion of hormones that inhibit urinary
incontinence, becoming more watery. Corticosteroids are also released, increasing
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losses in electrolytes, sodium, potassium and bicarbonate. Some organs, such as the
brain and circulatory system, are also affected and the burden on the heart and blood
vessels increases. The rate of urinary incontinence is the result of water consumption.
In the end, the immunity of birds is significantly reduced, especially the reduction of
immunoglobulin in the blood, and the herds becomemore susceptible to diseases. All
previous manifestations of high temperature affect the herds produced in the form of
symptoms such as bird swings with peripheral spasms, low body weight, increased
predation disease, decreased egg production, decreased cortex quality, decreased
fertility and poor semen quality, and finally in severe cases to death.

Many studies have shown the possibility of adapting birds to the conditions of heat
stress and their tolerance to this burden and low mortality if exposed early in the age
to high temperature, and this adaptation is reflected in increased rates of fatigue and
low body weight and the lack of water lost by evaporation, high on several factors,
including: type of strain, average body weight, quantity of drinking water available
and quantity of production.

2.4 Immune Response

The immune system functions can be broadly classified into: (i) innate immunity
and (ii) adaptive immunity. Innate immunity is the germ line encoded, non-specific,
preliminary line of defense against the invading pathogens. The first entry of the
pathogens is prevented at body’s entry site through antimicrobial components in
mucosa, sweat, tears, saliva, etc. Heat stress directly or indirectly favours disease
occurrence in animal host. Directly, high temperature favours the survival of organ-
isms outside the host for a long time. Indirectly, chronic heat stress causes immune
suppression in birds and makes them susceptible to diseases. Heat stress reduces
the relative weights of lymphoid organs like spleen, thymus and cloacal bursa. This
might be due to glucocorticoid induced lympholysis and redistribution of lympho-
cytes from systemic circulation to other organs NK cells are important components
of the innate immune system present in systemic circulation and also in lymphoid
organs like lymph nodes, spleen and bone marrow. They are involved in destruction
of tumour cells and infectious agents like bacteria, fungi and viruses. Chronic heat
stress reduced the splenic NK cell cytotoxic functions. The inhibition may be due to
increased glucocorticoid influence in the immune cell [4].

Cytokine interactions are responsible for altered immune functions during heat
stress. Stress induced glucocorticoids act to inhibit the pro-inflammatory cytokines,
which are required to initiate an innate immune response through inhibition pathway.

Heat stress leads to activation of hypothalamic-pituitary adrenal axis and ulti-
mately the release of glucocorticoids. Glucocorticoids, in normal pulsatile release,
enhance the pro-inflammatory cytokine release. However, chronic rise in glucocorti-
coid levels is inhibitory to majority of immune cytokines. The stress related immune
responses in poultry species revealed that acute stress is beneficial to the bird as it the
immune system. On the other hand, chronic stress shifts the T helper cell response
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to T regulatory cell and also TGF-β, a regulatory cytokine production; thereby it
suppresses immune response [5].

3 Effect of Heat Stress on Poultry Production

The rapid development of poultry production in many countries of the world with
warm climates, such as most countries of the Arab global has, the interest for study-
ing the impact of environment temperature increased as one of the consequences of
climate change on poultry production, which is one of the biggest problems can be
encountered, because it is the most important needs for poultry. The growth achieved
for the quality and quantity production of the bird depends not only on the capabilities
of the genetic and the food quality provided to him, but also depends on the environ-
mental factors surrounding it, which negatively affect the ability of productivity and
the economic benefits envisaged. Therefore, air temperature is considered one of the
most important external environment factors, which directly affect the physiological
and productive status on the birds causing constant stress.

Heat stress is the most stressful factor that causes severe losses in poultry farms,
especially when high temperatures are accompanied by high humidity, such as some
countries due to climatic changes like Egypt. Also, heat stress severely affects the
productivity of poultry directly on egg production and growth rates of broilers or indi-
rectly by increasing the probability of growth and reproduction of toxin-producing
fungi in feed or by reducing the ability of birds to cope with other stressors. In
females, heat stress can disrupt the normal status of reproductive hormones at the
hypothalamus and at the ovary, leading to reduced systemic levels and functions.

3.1 Egg Production

The optimal care of the laying hens under the conditions of heat stress is one of
the most important criteria that affect productivity efficiency. The factors related
to the herd care and management is combined with the provision of the optimal
ingredients of balanced nutrition during the growth stage to reach the production of
the young layers to the optimal weight, good health and physical condition at sexual
maturity. It is known that high temperature contributes significantly to the lack of
access to optimal weight, which leads to the deterioration of productive efficiency
throughout the cycle of egg production, it was found that the care of herds leaves
within the temperature of 35 °C reduces the body weight at sexual maturity by
20–30% compared to the same hens rearing at a temperature of 21 °C.

It is preferable for the breeders during the heat stress to reach laying hens at sexual
maturity to a weight slightly higher than the standard weight, which increases the
consumption of food later, improve produced of the eggs weight and make them
more persistent on production [6].
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As soon as laying hens reach sexual maturity, ambient temperature becomes an
important factor affecting production. The average feed consumption is 1.6% and the
energy consumed is 2.3% for every 1° above the ideal temperature. At temperatures
above 30 °C, both food consumption and egg production are reduced by 5% and
1.5%, respectively. The decrease in food consumption (50%) was found when the
temperature rises from 21 to 38 °C and most of this decrease is due to the lack of
the needs of the preservative body. Treating this decrease by increase the rest of the
nutrients in the feed to overcome most of the harmful effects of the heat from an
improvement in egg production and the egg weight, but he could not overcome the
deterioration of the egg shell quality.

3.1.1 Egg Quality

Several studies have indicated that the bad effect of heat stress on the quality of
internal and external eggs. This effect is clearly visible on the egg shell and calcium
carbonate deposition. This is reflected in the appearance of the eggshell and its
characteristics, with insufficient mineral sources and bicarbonate ions. The decrease
in egg weight was estimated at 0.07–0.98 g/egg for each 1° rise. The thickness of
the eggshell is reduced by high temperature, and it becomes more complicated at the
later ages of the egg production cycle. This decrease is attributed to the low intake of
calcium because of the low food consumption. The quality of the egg includes visible
natural measurements as well as flavor and aroma. The effect of high temperature
extends to the liquid components of the eggs, which quickly damage the internal
contents of the egg yolk and reduces the quality and grade of the egg. Leaving the
eggs for long periods under high temperature conditions lead to its total corruption,
and these changes include the rapid erosion of the chemical layer, the number of open
gaps, evaporation of large amounts of moisture content of the whiteness and with the
persistence of high temperature, the yolk loses part of its moisture, the coagulation
of the liquid components with rise. Fresh eggs production from layers is always of
high quality, and there are many factors that affect the quality of eggs before produce
it.

Changes in environmental conditions, especially the increase in temperature for
the laying hens housing, resulting in lower quality of albumen and shell weak strength
and small thickness and egg size, may be due to low consumption of food in the hot
atmosphere. The importance of the role of management in the production of high
egg quality in the case of high temperature, which is the selection of the strain that
produces high egg quality, the balanced diet, diseases control, physiological disor-
ders, and the organization of lighting, and food programs to control the beginning
of the egg production. The eggs are damaged and reduced quality if not handled
correctly. The most changes associated with changes in temperature is to increase
the air sac size as the resulting of losing moisture, where the amount of evaporation
for stored eggs depends on the environment temperature, humidity and ventilation as
well as shell porosity. The signs of low egg quality turn into the water situation, and
this shift depends on the heat stress, which is accompanied by natural reactions and
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chemical result in the degradation of the construction of the albumen thick protein.
As the water dissolves, the water leaks to the yolk through the yolk membrane with
the toxic properties, causing the yolk to grow and weakening the vitelline membrane
and becoming extensible and facilitates the permeability of the albumin to the yolk,
which causes its appearance to be spotted. Fresh egg contains 0.5%CO2,which is lost
during the storage period, resulting in a change in the flavor of the eggs, increasing
pH alkalinity from 7.6 to 9.5.

There are some recommendations that must be taken into account to maintain
the high egg quality after the production such as, collecting eggs constantly 2–3
times a day, separate the eggs clean from the dirty and broken eggs, and mobilization
eggs in clean containers, storing the fresh egg in 10–13 °C and humidity ratio about
70–85%. Also, washing eggs with water temperature higher than the temperature of
eggs; because the opposite causes shrinkage of the contents of the egg, resulting in
the discharge accompanied by the entry of contaminated water into the components
of the egg through the internal gaps, causing the contamination of the egg internally
bacteria. Finally, it is possible to dip eggs in paraffin oil to close the gaps and reduce
evaporation during storage; because the process of washing eggs lead to the removal
of the shell cuticle.

Egg Shell Quality

The eggshell formation one of the processes that interferes with many factors such as
genetics, nutrition, health status, hormones and environmental factors surrounding
the birds these factors must be in a similar case to obtain the high eggshell quality.
The amount of calcium element in the shell about 2.2 g Calcium carbonate form
(94%), organic matrix (about 4%), the chicken pours about 25 mg of calcium on the
egg surface, which is formed every 15 min during the 20 h period needed to form
the eggshell. Due to the spawning of laying hens production, it deposits 24 times
more calcium in the eggshell than in its bones. The quality of the eggshell including
the color, the number of porosity, the shell strength and its durability as well as its
tolerance to stress and shock.

The birds during heat stress resort to increase the rate of breathing in the minute,
which phenomenon of panting. In this way, the excess heat is eliminated through
the surfaces of the mouth and respiratory passageways. In general, the bird begins
panting when the temperature reaches 29 °C as a visible response to stress. The
increase in the rate of panting, increase losing of CO2 by the lungs, leading to a
decrease in its molecular pressure and consequently lower bicarbonate ions in the
blood, which leads to a decrease in hydrogen ions causing a rise in alkalinity of blood
[7].

This egg shell forming is reflected process in the uterus, where carbon dioxide
combines with water to give carbonic acid and then enters the carbonic anhydrase
enzyme in the reaction and produces carbonic acid in themucosal cell of the secretion
of the shell (uterus). Then combines the bicarbonate with the calcium ion to form
carbonate calcium. High temperature and imbalance of pH, where the concentration
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of bicarbonate become low (the second slice necessary to form the egg shell) and
do not find enough calcium ions to connect with it for the formation of calcium
carbonate, which is the basic component of the shell as mentioned above. As a result
of this, eggs are producedwithweak shell sickness and the proportion of eggswithout
shell.

Improve Egg Shell Quality

There are many trends and practices that minimize the harmful effects of exposure
to long periods of heat stress, including environmental issues related to management
factors and herd care, including the treatment of nutrition [8]. For example, the
addition of ascorbic acid at the rate of 250 mg/kg of important treatments that reduce
the impact of heat stress on birds and improve the properties of eggshell produced,
this vitamin reduces the level of cortisone in blood plasma and helps stimulate the
absorption of calcium and vitamin D of the intestine, then increase the calcium level
in the plasma to the point where it supports the normal deposition of minerals in the
bones [9].

Respiratory alkalosis can also be combated nutritionally by providing a source
of anion via feed or water. Supplemental ammonium chloride in drinking water of
chronically heat-stressed birds can return blood pH to normal [10]. During acute heat
stress, the provision of ammonium chloride or carbonate water has been found to
decrease blood pH. Many researchers pointed to the need to add sodium bicarbonate
in the drinking water of the laying hens at a rate of 0.5–2% under the conditions of
thermal stress, lead to increase the shell strength and improve its quality. The addition
of bicarbonate leads to the adjustment of pH, which positively affects the quality of
egg shell [11].

Some minerals, such as zinc, manganese and copper, are involved in the
metabolism of the eggshell, by acting as catalysts for enzymes involved in the for-
mation and stimulation of calcium carbonate deposition to form the egg shell. The
addition of the zinc element of the important points to increase the level of the enzyme
carbonic anhydrase, which enters as a component in the composition of the enzyme,
with increases its activity in the liquid of egg gland.

3.2 Meat Production

The heat produced from broiler is very high, because it consumes high energy in
food while keeping 40%. Thus, 60% of food energy is eliminated in the form of
heat production. Under heat stress birds reduce feed consumption and thus produce
degradation. The performance of birds varies according to the environmental condi-
tions in the breeding area. In areas with high temperatures during the day and low
at night, performance is better than those characterized by high temperature. On this
basis, the raising of broilers in the open bays gives better results in the temperate
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seasons (spring and autumn) compared to the other seasons in year, where growth
rates are clearly lower during the summer.

The efficiency of the birds is also different depending on the composition of
the temperature and humidity. We find a decrease in the weight of the birds raised
in areas with high temperature and humidity, as in Egypt, compared to other high
temperature and low humidity. Also, the continuity of high and constant temperature
for long periods has a serious role in the deterioration of growth rates and low
conversion efficiency of food, and increase the mortality rate when compared to
fluctuating temperature (cycling). The latter allows the bird to recover and increase
its consumption of feed during periods of moderate heat, and the occurrence of hot
flashes during the early stages of broiler is less dangerous than in the advanced stages,
especially before marketing.

3.2.1 Meat Quality

It is known that the bird’s under cold weather conditions needs more energy to
maintain its body temperature. In the case of high temperature, this energy decreases
and increases in the ratio of solids, fats and energy in the carcass, while the percentage
of protein decreases. Unsaturated fatty acids such as oleic, linoleic, linolenic, in the
fat of the carcass are high in ambient temperature, which means high saturated
fatty acids in the carcasses intended for marketing. This increase was found to be
higher in females than in males during high temperature. High temperatures also
caused a decrease in the aminoity of glycine and proline in carcass tissues, especially
the muscles of the breast. Early finishing of broilers from the viewpoint of fatty
acid composition because the polyunsaturated fatty acid to saturated fatty acid ratio
declines significantly with age, regardless of temperature.

The symptoms of heat stress on the carcasses in the form of weakness of col-
oration and roughness of the skin, dry muscles, increase blood density and color
density and then the value of carcasses. The heat stress has been found bad effect on
the ratio of reflux and the amount of meat eaten and the proportion of breast muscles.
Broilers may be exposed to a variety of stressors during transport from the produc-
tion farms to the processing facilities, including thermal challenges of the transport
microenvironment, acceleration, vibration, motion, impacts, fasting, withdrawal of
water, social disruption, and noise. As part of this complex combination of factors,
thermal stress, in particular heat stress, plays a major role. The adverse effects of
these factors and their combinations range from mild discomfort to death. In fact,
heat stress during transport has been associated with higher mortality rate, decreased
meat quality, and reduced welfare status.
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3.2.2 Pathological Phenomena Associated with Heat Stress

Ascites

Ascites is a symptom of metabolic disorder due to several factors affecting the envi-
ronment, temperature, carbon dioxide/oxygen ratio, rapid growth rates, high energy
content, and high basal metabolic rate. As a result, a combination of lymphatic liq-
uids and blood plasma that leaks from the liver accumulates in the body cavity, often
leading to death. The symptoms of ascites are associated with an abnormal increase
in blood pressure between the heart and lungs, leading to the failure of the right
ventricle and increase blood pressure in the veins, and the great acceleration in the
production of fluids from the liver that seeps into the body cavity. The symptoms
appear on the birds in the form of inactivity and laziness and difficulty breathing,
Skin and congestion, decreased growth and fill the abdomen with liquids.

The incidence of ascites has increased throughout the world over the past years.
This increase coincides with continuous improvements in the genetic structure and
nutritional efficiency of the herds, which caused the presence of strains with a rapid
growth rate and food efficiency. Broiler led to a high rate of metabolism and increase
in the size of the breast muscles, which did not develop with the internal organs as
much as the heart and lungs and increased pressure to meet the needs of the body
of chicken overload of blood feeding, unable to provide enough oxygen to maintain
these high rates. The number of lighting hours can also be reduced to 18 h/day,
which reduces the volume of cellular blood components and reduces the level of T3
hormone, which reduces the mortality rate resulting.

Pendulous Crop

Birds are under the conditions of thermal stress for long periods and in the presence
of some genetic factors responsible for this phenomenon, begin to eat large amounts
of feed over consumingwhen themoderate temperature and then drink large amounts
of water with high temperature, which leads to fill the bulk of these quantities and
cannot easily discharged. The muscles of the compass relax and lie in the shape of
a bag filled with the front of the breast. This helps the weakness of elastin fibers
forming the membrane of the compass of heat stress [12].

It should be noted that this phenomenon is more common in the strains of broiler
chickens and turkeys especially heavy ones, and there are some administrative prac-
tices in the farm or food additives that help to the emergence of this phenomenon.
Such as bird staging for long periods during the hot weather, containment of the
feed on chemicals or disinfectants mycosis is caused by a secondary infection in the
membranes and muscles, leading to weakness, and injury to the fungal contaminants
or internal worms.
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Breast Blisters and Crooked Sternum

This phenomenon occurs in heavy-weight birds which brooding in wire cages or on
the floor. As age and weight increase, birds sit on the wired floor or mattress. During
this period, this weight is placed on the bone sheath. There are blisters and breast
ulcers, especially during high temperature, the birds search for the wet places inside
the house. Also, the increase of humidity mattresses with poor specifications, high
content of microbes and pathogens. This leads to the occurrence of breast defects and
lower the carcass quality during the stages of slaughtering, then reduce economic
return. The breeders can reduce the incidence of this phenomenon by work for a
program to market heavy birds first to early ages, ensure the cleanliness and quality
of the mattress and finally avoid the presence of dark areas in the house so as not to
be left to birds.

4 Feeding Strategies to Deal with Heat Stress

4.1 Feed Restriction

Starving the birds during peak heat stress is an effective way to reduce body temper-
ature and increase survival, as feed intake increases heat increment resulting from
ingestion, digestion, absorption and metabolism of nutrients. Feed restriction, in the
meantime, makes birds quiet and less energy-producers. Metabolic heat increment
is a maximum after 3–6 h of feed intake. Therefore, it is necessary to feed the birds
early in the morning and late in the afternoon so that the production of metabolic
heat will not occur during higher temperature period of the day (09:00 to 16:00 h).
By this way birds will be encouraged to eat during cooler periods of the day and help
maintain their performance during hot weather.

4.2 Feed Pelleting

The amount of feed intake by chickens is reduced at hot weather [13] and as a
result, the amount of feed components consumed decreases. This is one of the main
reasons leading to lower productivity of birds and their performance with the high
feed conversion ratio to non-economic degree. Therefore, there are many attempts
to increase the quantity and/or the concentration of feed ingredients consumed,
without increasing internal body heat, in order to improve birds’ performance and
productivity.

Pelleting process increases the physical density of feeds; the pelleted diet also
improves the digestibility, decreasing the production of metabolic heat with respect
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to the mash feed [14]. Over and above, birds prefer to eat more feed with larger
particle size in hot weather.

4.3 Separated Feeding

A strategy of dividing the diet components at different times of the day could be
applied during the hot climate. Birds under this regime are provided with their daily
requirements of minerals, vitamins and other supplements in hot periods of the day,
when on the other hand they are provided with their basic energy and protein require-
ments during cooler periods in the evening. This strategy is useful for birds to tolerate
heat stress; considering that vitamins and minerals reduce the adverse impact of heat
stress during the midday, while proteins and energy are important as major nutri-
ents required to maintain good performance and productivity, providing those major
nutrients at the evening reduces the excess heat overload resulted from nutrients
digestion and metabolism during high temperature.

4.4 Self-selection

This method depends on giving the birds the opportunity to select from various
feed ingredients that match their physiological requirements; this method is similar
to what wild or even backyard birds naturally obtain their feed. Under heat stress
conditions, the bird can adjust its consumption of different feed ingredients so that
it consumes less protein and a slightly higher amount of energy (by consuming high
caloric feed ingredients) compared to the complete mixture diet, in an attempt to
regulate the heat load associated with metabolism during hot cyclic periods.

In this strategy, feeders containing feed ingredients (each separately) should be
provided, including: (1) cereal grains such as corn, wheat, barley or other energy
source either together or separately, (2) protein sources (26–48% protein content),
(3) major minerals containing calcium and phosphorus, and (4) minor minerals and
vitamins premix.

However, cautions should be taken with this feeding system in case of laying
hens, which may prefer only grains feeders, which will lead to fat birds with low
egg production rate. In general, containers of grains should represent only two-thirds
of the total containers number, while the protein source and the premix containers
represent one third of the total containers.

The results of the choice feeding strategy are variable, as it could be affected by
some factors such as birds’ age, the initial age from when the selection was offered,
the particle size of the feed ingredients, the quality of energy and protein sources, as
well as the difference between daily maximum and minimum temperatures.
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5 Nutritional Applications for Heat Stress Mitigation

All poultry species are severely affected by heat stress conditions, preventing their
access to the maximum biological performance, so it was necessary to search for
modern solutions along with the traditional methods to challenge heat stress in order
to protect birds andmaintain their production.Nutritional solutions have nowbecome
more important to mitigate the detrimental effects of heat stress on birds, and this
can be achieved by applying one or more nutritional procedures.

5.1 Using a High-Energy Diet

Birds mainly consume food to satisfy their energetic needs required for maintain
life and perform various physiological functions. Fats contain 2.25 times the calories
per unit of weight than protein or carbohydrates; generally they are used to increase
the energy density of poultry diets. Indeed, fat gives less biological heat production
compared to either protein or carbohydrates, because dietary fat metabolism has
lower heat increment thanprotein or carbohydrates. Fat is characterized bydecreasing
the physiological duty inside the body leading to higher utilization of food energy to
be used in different production functions, unlike the carbohydrate energy, which is
characterized by the high amount of energy loses during digestion and metabolism.

Recently, researches revealed the benefits of supplementing poultry diets with
vegetable oils to account for about 33% of the total dietary energy, replacing part of
the traditional energy source (carbohydrate). Where it was noted that supplementing
oils or fats by 3–5%of the diet increased the appetite and taste of feed, also it increased
the utilization of various nutrients in the feed consumed, besides fat contains good
amounts of soluble vitamins (A, D3, E, K) and the essential fatty acid (linoleic acid)
needed for growth and egg production.

However, caution should be considered when formulating such these feeds since
an appropriate antioxidant should be supplemented and not storing the feed for a
long time in order to avoid fat rancidity.

5.2 Dietary Protein and Amino Acid

The requirements of protein and amino acids should be met at the recommended
levels for growth and egg production, taking into consideration not to excessively
increase the dietary protein level especially under heat stress conditions as the heat
increment associated with protein catabolism is higher when compared to that of fats
or carbohydrates.

Supplementation of essential amino acids is profitable for reducing the internal
heat loss which leads to reduce the adverse effect of high temperature, in this regard
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it was noted that increasing dietary lysine concentration is necessary to compensate
partly for the reduced feed intake [15] and improve feed efficiency. There is a positive
effect to increase the Arginine: Lysine ratio on feed conversion ratio and growth
performance at high temperatures.

The imbalanced amino acids in the diet results in higher excretion of nitroge-
nous substances in faeces, which produces and accumulates ammonia in the house
atmosphere causing harmful effects on the performance and welfare of birds. The
accumulation of ammonia may increase the ambient temperature in poultry houses;
therefore it makes difficult for birds to regulate their body temperature.

5.3 Vitamins

Supplementing vitamins to poultry diets is highly recommended during the hot
weather, such as Vitamin A, E, C, etc., which play an important role in improv-
ing the performance and immunity of birds and significantly reduce mortality rates,
especially when birds exposed to heat stress. It is suggested to increase the levels of
vitamins during hot weather by 10–15% than the normal requirement because of the
low feed intake and potential damage due to feed storage or exposure to oxidation
factors, such as high temperature and/or humidity and trace elements presented in the
diet, unsaturated fatty acids and oxidation of peroxides, which affects the stability
of these vitamins.

5.3.1 Vitamin A

The supplementation of vitamin A in the diet reduces the detrimental effect of heat
stress on egg production and has a positive effect on the immunity of laying hens.
Higher dietary vitamin A intake is required by birds suffering from heat stress after
Newcastle vaccination; in order to produce the maximal level of antibody [16]. Also,
supplementing vitamin A to broiler diets improves body weight gain, feed efficiency
and carcass traits.

5.3.2 Vitamin C

Ascorbic acid has an important role as an antioxidant in the biological system and
under the heat stress conditions, it is important in maintaining the oxidation and
reduction processes in birds body. Supplementing ascorbic acid to the diets improves
egg production and egg shell quality of broiler breeders; additionally it has beneficial
effects on the fertility and hatchability of broiler chicks as well as molting process
of laying hens.

Furthermore broiler chicks tend to consumemore amount of the diet supplemented
with ascorbic acid in the hot weather. Ascorbic acid supplementation improves
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carcass quality, increases the carcass weight associated with higher crude protein
retained in the carcass and reduces the carcass content of fat.

5.3.3 Vitamin E

Vitamin E acts as a natural antioxidant that protects the fat from oxidation rancidity
and peroxides formation, especially at high temperatures. It also preserves some fat
soluble substances such as vitamins A and D3, carotene from damage.

Supplementing vitamin E to heat stressed laying hen diets enhanced egg produc-
tion; this beneficial effect is accompanied with an increase in feed intake and the
solids of albumen and yolk. The supplementation of vitamin E at high levels in the
diet not only increases egg production but also improves the immunity of bird sat
hot weather.

5.4 Electrolytic Balance

Birds get rid of the excess body heat through the respiratory system by panting. With
the increase of panting, the body loses large quantities of carbon dioxide, leading to
imbalance in the acid/base balance of the bird’s body causing an imbalance in the
electrolyte balance with severe high blood alkalosis that increases blood viscosity
and blood pressure which may lead to an explosion in the arteries of the brain, liver
or kidneys.

Supplementing electrolytes such as sodium or potassium bicarbonate (NaHCO3,
KHCO3) and ammonium, sodium or potassium chloride (NH4Cl, NaCl, KCl) in the
diet or in drinking water by 0.5–1.0% stimulates water consumption and increases
bird tolerance to heat stress [17],where electrolytes contribute to adjust the imbalance
resulted from increasing blood pH (blood alkalosis), which contributes to produce
stronger eggshell for laying hens and have a positive impact on broiler performance.

6 Managerial Application for Heat Stress Mitigation

Management of stress is the key to profitable poultry production during the hot
summer months where temperature reaches 40 °C or more, moreover some sea
dominating regions may have a relative humidity of 80%. Many production systems
suffer from low efficiency and the losses are sometimes costly, such as low growth
and survival rate. Decision-making on the type of strategy should be applied to
manage stress requires an understanding of the physiological effects of heat stress.
The profitability of any strategy during the summer months could be increased when
using proper managerial applications.
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6.1 Drinking Cold Water

The internal environment of the bird is water medium in which food components are
exchanged. In addition to its other important functions of heat regulation, lubrication,
softening and hydration verify that water as a food component must be considered.
The positive relationship between water intake and body temperature indicates that
water used plays an important role as a heat discharger and thus makes energy
available for growth rather than body cooling.

Water consumption is very important for poultry in a heat stress environment.
Birds must drink more water to prevent dehydration, since the primary method of
reducing body temperature is by evaporation of water from the lungs. Securing cold
drinking water will help to reduce body temperature and thus increase the survival
rate.

Under normal conditions water intake is usually 1.5–2 times feed intake, how-
ever during hot weather water consumption increases by 3–6 times than the normal
consumption, with an increase by 5% per every temperature degree above 22 °C.

6.2 Ventilation

Both of heat production and heat loss of birds are affected by the efficiency of
ventilation system, as the thermal loss through heat emission by evaporation depends
on the ability of air to carry water vapor from the hot exhalation air resulting from
panting. Therefore, it is important to consider the ventilation system to remove the
hot air out of poultry house and replace it with dry, fresh and cool air.

Good ventilation reduces the relative humidity at the house environment and
reduces harmful gases (ammonia—carbon monoxide—carbon dioxide); it also pro-
vides birds with sufficient oxygen supply required for the biological activities. Venti-
lation should be at a rate of 5–6 m3 air/h/kg live weight and the air should be changed
at a rate of 20–50 times per hour, so that the excess heat inside the house could be
eliminated.

6.3 Stocking Density

Increasing the number of birds in poultry house than the recommended number
reduces the ability of birds to get rid of heat during hot weather. Therefore, it is
necessary to decrease the density of birds in order to reduce; first its requirements of
ventilation, oxygen, cooling … etc., second to reduce the complications of excreta,
moisture, carbon dioxide, ammonia (resulting from the fermentation of litter material
with organicmatter) and urea resulting frombirds urine.As the less density per square
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meter of floor the more air available to birds and the lower relative humidity, which
means better environment and condition to achieve higher profitability.

The number of birds per square meter of floor should not be increased than 7–8
birds in case of deep litter system, taking into account the strain size.

7 Conclusions

At hot weather, the use of light is important to regulate feeding behavior so that birds
eat better during the cold hours of the night than during the hot times of the day. The
intermittent lighting system improves feed efficiency and productivity, in addition to
the above, has a positive effect in reducing body heat production during both lighting
and dark periods.
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Climatic Change and Chicken Immunity

Akrum M. M. Hamdy

Abstract As the most socio-economic problems in the world, climatic change is
an issue that will cause most damaging for those least able to adapt. But nobody is
immune to climatic change—making it a truly global problem.Climate change affirm
that the pollution of our atmosphere could result in extreme weather events. With
intensify in global temperatures, processes such as desertification are transforming
once thriving areas into arid environments. Sincewarmair is capable of stocking huge
quantities of water, due to higher evaporation rates, storms and other extreme climate
events have become more frequent and extremist. The challenges posed by climatic
change fit broadly into one of two categories: loss of productivity or increasing costs.
Stress is the nonspecific response of the body to any demand, whereas stressor can
be defined as “an agent that produces stress at any time”. Therefore, stress represents
the reaction of the animal organism to stimuli that disturb its normal physiological
equilibrium or homeostasis, due to the mess up of energy and water balances through
the evaporative heat loss mechanism. Concerning the effects of heat stress on chick-
ens, the following findings were reported: (1) energizing glucocorticoid-dependent
mechanisms and increasing the corticosterone serum levels (2) decreases in the feed
consumption, growth rates, the intestinal villi heights, and the wet and dry weights of
jejunum, the total white blood cell count; (3) decreases in the number of peripheral
blood lymphocytes and induction of an electrolyte imbalance; (4) decreases in the
blood lymphocytes and spleen weight; (5) decreases in macrophage activity and (6)
decreases in CD4+ and CD8+ lymphocytes and decreases the antibody production
against sheep red blood cells (SRBC).
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1 Introduction

Whether we believe global warming is real or imagined, the atmospheric concentra-
tions of certain gases are rapidly increasing to levels that we have not seen before.
While the impacts of these increased concentrations on climate are less certain, it is
notarized that these gases will gain heat in the atmosphere and could lead to global
warming. The impacts of environmental change have achieved a point where the
accentuation has moved from verification of its reality to approaches of modera-
tion. In this way, farming and different divisions are under expanding open strain to
diminish outflows of these gases [1].

Chickens, like all animals, have very strong, built-in defenses (immunity) against
diseases that are caused by overrunning of the body by various microorganisms and
toxins (collectively called ‘antigens’). The essential part of the resistant framework
is to see life forms and substances that are viewed as outside, or “non-self” (anti-
gens), that can enter the body. A variety of mechanisms are employed to achieve
this goal, including inactivation of biological agents, agglutination or precipitation
of molecules or cells, or phagocytosis of foreign agents [2].

Under certain circumstances, these normally protective responses can result in
significant tissue damage, which leads to immune-mediated diseases. Chick builds
up a pressure protection relies upon how well it battles the intrusion that thus relies
upon: (a) The chick’s condition, condition of prosperity and level of resistance; (b)
The quantity of the attacking life forms, called ‘the test’ and (c) The destructiveness
or quality of the attacking living beings [3].

Chicken’s scientists are constantly dealing with ways to make chicken houses
more effective. Different methods for ending up more proficient are through enhanc-
ing development rate, nourish productivity, and malady protection and additionally
invulnerable limit. This has just been significantly enhanced in the chicken business
through hereditary determination and enhanced sustenance.

At the point when contrasted with other creature generation frameworks, the
broiler, layer and parent stocks chickens are thought to be exceptionally proficient.
However, the scale of the chicken sector is vast and even small impacts can add up;
therefore, we must be prudent and continue handling to diminish the impact of heat
stress as a consequence of climatic change and make the industry more sustainable.

The objective of this chapter is to compile the current knowledge about the impor-
tance and impact of climatic change, warming the global, on chicken production,
focusing on chicken immunity.

2 Chicken Immunity

Immunity is the biological capacity dealing to protect and prevent the chicks against
diseases that are caused by foreign antigens [4]. These defenses include: (a) The skin,
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(b) Mucous membranes and (c) The immune system. Generally chicken’s immune
capacity could be classified into:

2.1 Innate Immunity

This alludes to the commonor acquired capacity to resist sickness. This type of immu-
nity includes a number of non-specific disease response mechanisms: (a) Genetic
factors: birdsmay lack the receptors required by disease organisms in order to be able
to infect. (b) Body temperature: the high body temperature of the chicken blocks
numerous diseases. (c) Anatomic features: many disease organisms cannot pene-
trate intact body coverings (skin andmucousmembranes) or are trapped in themucus
secretions. (d) Normal microflora: the skin and gut normally maintain a dense, sta-
ble microbial population. (e) Respiratory tract cilia: parts of the respiratory tract
are fixed with fine hair-like bulges, called cilia, which expel illness living beings and
spoil. (f) Immune system cells: are those cells that assault remote cells in the body
and are enacted by the synthetic properties of the antigens, these cells include: (i)
White blood cells (WBC’s) or leukocytes: they move freely in body, interacting
with and capturing cellular debris, foreign particles, and invading microorganisms.
(ii)Mast cells: They are residing in connective tissues and mucous membranes. The
substance released by activated mast cells “histamine” also initiate the recruitment
of neutrophils and macrophages. (iii) Phagocytes: These immune cells kill the
pathogens by engulfing them. (iv) Natural killer cells (NK): The cells of an innate
immune system that do not directly attack pathogens are called NK cells. These cells
act by invading the infected host cells, such as tumor cells or virus-infected cells [5,
6]. Different elements associated with the viability of inborn protection incorporate
sufficient nourishment, stress, age, inflammatory processes and metabolic factors.

2.2 Adaptive Immunity

Adaptive immunity also originates “immunologicalmemory”once an initial response
to a specific pathogen has been outranged, which can enhance future responses to
that specific pathogen and act more efficiently. The immune cells or antibodies of
the adaptive immune system are T and B lymphocytes [7–9].

The adaptive immunity is specific to an antigen and can take one of two forms
[4]: (a) Passive immunity: this is achieved when antibodies are transferred to the
individual either from themother (such as during egg formation in the hen or by thrift
of antiserum (blood serum containing antibodies) either orally or through injections.
(b) Active immunity: this alludes to a dynamic invulnerable reaction in a chick
because of recuperation from the illness or by reaction to an immunization. The chick
delivers its own resistant cells as well as antibodies to give assurance. (c) The non-
cellular: (or humoral) immune response: The B-cells then respond by producing
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antibodies specific to the disease organism. (d) The cellular immune response:
The cellular component of the immune response includes all the cells that react
with specificity to antigens, except those associated with antibody production. (e)
Lymphokines: which are soluble proteins that assist in activating other components
of the immune response? The lymphokines act by: Reacting with white blood cells
to increase their ability to swoop on the foreign infestation, increasing the rate of
lymphocyte production, breaking down cells (damaged body cells, bacteria) and
performing other related functions [3, 10].

3 Climate Changes Challenges

Climate change acts as a major threat to climate—sensitive sectors. This change
in climate is the greatest challenge to about 1.3 billion population who depends
on animal husbandry as their livelihood. “Livestock are called as the living bank
for farmers. They contribute about 53% of world agricultural” [11] and also to the
economy by means of milk, meat, hide, eggs, drought power, manure etc.

Heat stress is considered as one of the primary factors that imposes negative
impacts on chicken production and reproduction. Due to global warming, abrupt cli-
matic conditions like storms, droughts, floods and extreme hot and cold temperatures
are predominant around the globe.With the changing climatic scenario, the frequency
and duration of exposure of livestock to abiotic and biotic stressors increases.

In the changing climate scenario, other factors like solar radiation, photoperiod
and humidity also synergizes with the above stressors. Furthermore, the concept of
global warming is alarming the earth planet day by day. According to the latest report
released by IPCC [1], there is an average of about 1.53 °F (0.85 °C) rise in global
surface temperature from 1880 to 2012. The earth’s climate has warmed in the last
century with current climate models indicating a 0.28 °C increase per decade for the
next two decades and predicted the increase in global average surface temperature
by 2100 to be between 1.88 and 4.08 °C [12]. Therefore, the increasing concern on
the thermal comfort of agricultural animals is not only justifiable for countries in
tropical areas, but also for nations with high ambient temperatures [13]. Latent and
sensible heats are types of energy released or absorbed in the atmosphere. Latent
heat is related to changes in phase among liquids, gases, and solids. Sensible heat is
related to changes in ambient [14].

3.1 Latent Heat

Latent heat plays a very important role in thunderstorms and hurricanes. Warm air
rises and the water vapor it contains condenses in particles called the cloud. When
the water vapor condenses to form clouds, it releases latent heat into the atmosphere.
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The latent heat then warms the surrounding air around the new cloud droplet caus-
ing instability. This increases the cloud height and depending on how unstable the
atmosphere is, thunderstorms could form from these growing clouds. Thunderstorms
release enormous amounts of latent heat which add to the instability in the atmo-
sphere causing some thunderstorms to become severe. In hurricanes, latent heat is
released within the clouds of the hurricane, warming the air inside the clouds. The
storm will then intensify, or gain strength [14, 15].

3.2 Sensible Heat

Sensible heat is the energy required to change the temperature of a substance. The
temperature change can come from the absorption of sunlight by the soil or the air
itself. Energy moves through the atmosphere using both latent and sensible heat
acting on the atmosphere to drive the movement of air molecules which create wind
and vertical motions [16].

How Does This Relate to Chicken?

Evaporation of panting in chickens leads to cooling of the body surface on hot
days. Evaporation is more effective when there is some wind to carry the moisture
away. However, in really hot conditions the body may shut down and stop panting.
This is particularly true in areas of bright sunlight, which will increase their body
temperature due to the sensible heat released by absorbing the solar radiation. In that
case, the body’s temperature can rise very quickly and cause hyperthermia or heat
stroke, which can lead to death [17].

4 Climate Change and Chicken Production

Chicken flocks are particularly vulnerable to climate change because birds can only
tolerate narrow temperature ranges [18]. Regarding productivity, housing systems
need to be managed to maintain optimal seasonal temperatures and reduce the
embargo of heat stress, and increased investment will be required in ventilation
and cooling [19]. Costs are likely to increase as the result of the need to cool build-
ings especially in summer and reduce house humidity [14]. Building infrastructure
and maintenance will have to cope with more intense weather events and increased
rainfall. Stocking density in the housemay need to be reduced in extremely high tem-
peratures, and actively controlled ventilation could become essential in transportation
vehicles [20].
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4.1 Adaptation Suggestions

Heat stress begins when the ambient temperature surges above 80 °F and is readily
apparent above 85 °F.When a bird begins to pant, physiological changes have already
startedwithin its body to dissipate excess heat. Even before the bird reaches this point,
anything that you do to help birds remain comfortable will help to maintain optimum
growth rates, hatchability, egg size, egg shell quality, and egg production [21, 22]
Chicken producers should reconsider building design in new designs to be more
effectively cope with new climate and weather extremes, including the installation of
more/new equipments to copewith extreme climatic changes [23]. These incorporate
the establishment of sustainable power source—, for example, sun oriented or wind
control—to control poultry sheds, and utilizing biomass boilers or anaerobic aging
of chicken litter. Albeit a portion of the effects may happen to a more noteworthy or
lesser degree in the short, medium or longer term, it is critical to think ahead for the
future, particularly in connection to issues, for example, building plan.

4.2 Heat Stress

Heat stress (HS) occurs after exposure to high ambient temperatures beyond the
thermo-neutral zone (TNZ) for a given species.Both acute, a brief intenseHSepisode,
and chronic pro-longed exposure to high temperatures, or HS, can cause adverse
effects on the chicken’s well-being. The TNZ is a physiological range with limited
variability of biological function [24]. Individual chickens can exhibit a wide range
of reactions to HS, showing from the little effect on their health to experiencing mor-
tality. However, even with the determined optimal temperature per species, different
biological functions and activities play a role for different individuals. The optimum
temperature for hen egg production is estimated to be between 19 and 22 °C, but
between 18 and 30 °C for meat producing birds [2, 14]. Chicken farms have vari-
ous zones of thermal comfort predominantly dependent on the species of chicken
and their physiological status (internal factors) and relative humidity, the velocity
of ambient air, and the degree of solar radiation (external factors) also contribute to
their TNZ [25]. By including these additional factors, a more useful index can be
created in determining the optimal temperature and potential for HS [26]. As guide-
lines, the theory of Livestock and Poultry Heat Stress indices, [27], was developed in
order to determine the extent of HS on chickens. Two various indices derived from
meteorological measurements have been developed and recently reviewed by Hahn
et al. [26]. The most common one is the temperature humidity index (THI) [28].
The following formula for THI takes into account the ambient temperature and the
humidity to estimate the magnitude of HS.

HS : THI = db◦F − {(0.55 − 0.55RH)(db◦F − 58)}
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In the formula, db is defined as the dry bulb temperature in °F andRH is the relative
humidity (RH%/100). The obtained values are used to establish the severity of HS:
86 indicates extreme severe HS [27]. THI, however, does not account for important
climatic variables such as air movement or solar radiation. In addition, THI does not
includemanagement or animal factors, such as the effect of shade or the genotype and
phenotypic differences. Several other formulas have been developed for determining
the HS potential to account for the additional factors. Tao and Xin [29], for example,
made improvements on the THI by creating the temperature-humidity-velocity index
(THVI), which includes wind speed to determine the HS level in poultry.Wind speed
has been shown to be favorable to chicks exposed to HS conditions [22]. Therefore,
the following formula of THVI may be advantageous to improve the method in
determining the severity of HS.

THVI = (0.85 × DBT + 0.15 × WBT) × V − 0.058

In the formula, DBT is defined as the dry bulb temperature in °C, WBT is the
wet bulb temperature in °C, and V represents the air velocity. Similarly to THI, the
obtained numerical values are used to establish the negative effects of HS:≤70 being
normal, 70–75 indicates alert, 76–81 being in danger, and≥82 indicating emergency
[29]. Additional indices have incorporated the previously stated variables to over-
come the limitations of different THI [30]. For example, Mader et al. [31] developed
a comprehensive climate index applicable under a wide range of environmental con-
ditions by providing an adjustment to ambient temperature, relative humidity, wind
speed, and radiation.

4.3 Impact of Heat Stress

Stress, a response to adverse stimuli, is difficult to define and understand because of
its nebulous perception. Stress is the nonspecific reaction of the body to any request,
though stressor can be characterized as “an operator that produces worry”. Therefore,
stress represents the biological reaction of the chicken organism to stimuli that disturb
its normal physiological equilibrium or homeostasis.

Heat stress results from a negative balance between the net amount of energy
flowing from the chicken’s body to its surrounding environment and the amount of
heat energy produced by the chicken. Heat stress is a critical stressor, especially
in regions with hot climates and farms unable to control the ambient temperature
[14, 32]. HS has been consistently found to prohibit the chicken production. In
general, temperature variation affects the endocrine system, which controls chicken
metabolism, growth and reproduction, which implies that a decrease or increase in
temperature will have an impact on avian production. It includes a decrease in feed
intake [33–35], impaired growth performance [36–38], decrease in egg production
[39–42], impaired egg qualities [21, 40, 43], and an increase in mortality [41, 44].
Consolidation of these results was speculated byMack et al. [40]. The egg production
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is dependent on gonadal steroids, such as progesterone, testosterone, and negatively
affects the bioactivity of gonadotropin is less understood. Most likely, it is due to
multiple factors affecting animals’ physiological homeostasis under HS, such as a
reduction in feed intake and an increase in oxidative stress [15].

The variability of the effects of HS on chicken health may be explained by the
examined birds, such as health and production status, and/or genetic background.
The variation may also be due to the variety of intensity and duration of HS applied
to the chickens. Stocking density is also a major factor affecting chicken productivity
and physiological homeostasis, as well [20].

4.4 Heat Regulation

Chickens produce and dissipate heat to maintain a relatively constant body tempera-
ture. When the temperature and relative humidity exceed the comfort level, chickens
lose their ability to efficiently dissipate heat, which then leads to behavioral and phys-
iological changes [14, 45–47]. Chickens become heat stressed without the balance
between heat production and heat dissipation, or thermoregulation. Chickens do not
have sweat glands. Therefore, the primary methods of heat loss include respiratory
evaporative cooling, or panting and conductive heat transfer through their feet and
wattles [48]. Likewise, panting relies on water loss which may lead to dehydration
[49] or respiratory alkalosis [50]. Chickens have air sacs as an additional mechanism
to promote heat exchange between their body and the environment. Air sacs are use-
ful during panting, as they promote air circulation on surfaces, increasing heat loss
via evaporation along with gas exchanges [51]. Sensible heat is used by chickens
to release heat, including radiation, convection, and conduction [52, 53]. However,
some methods of heat loss are challenging to the avian species due to their feather
coverage trapping heat to prevent hypothermia. During HS, capillary blood flow is
redistributed throughout the body to improve sensible heat loss [54]. Mujahid et al.
[55] presented evidence that broiler chickens exposed to different durations of acute
HS resulted in distinct time-dependent physiological responses.

5 Impact of Heat Stress on Chicken Health

To maintain flocks of chicks in good health managers should ensure that: (1) The
challenge is kept as low as possible and (2) The flocks’ ability to fight infection is
kept as high as possible.

In somecases, the chicks’ immune system requires frequent support to be powerful
against an antigen, while in different cases, less incessant incitement is required. In
a few circumstances, it is conceivable to rely upon the natural infection to trigger the
immune system to produce the antibodies [7]. However, in these cases it is necessary
to take precautions to ensure that the infection does not get out of control. Stress is
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always beneficial at it minimal level. Aminimal level of stress called as good stress is
required by all living organisms to perform a task. Stress becomes a distress when it
alters the normal biological functions like production and reproductive performances
of the chicken. Furthermore, stress mediated interactions with the immune system
suppress its normal functions and lead the chicken to a disease-prone status [24].

In general, chickens encounter various stressors such as thermal stress, production
stress, transportation stress, nutritional stress, immune stress, and stress due to crowd-
ing, drought and environmental conditions [56]. In the event of a climatic change,
stress due to adverse climatic conditions and emerging microbes and vector—borne
diseases are some of which the chickens have to encounter [57].

6 Molecular Responses to Heat Stress

High ambient temperature can adversely affect the structure and physiology of cells
causing impaired transcription, RNA processing, translation, oxidative metabolism,
membrane structure and function [58]. Cells generate small amounts of free radicals
or reactive oxygen species (ROS) during their normal metabolism. Although low
levels of ROS are essential in many biochemical processes, accumulation of ROS
may damage biological macromolecules i.e. lipids, proteins, carbohydrates andDNA
[59]. External factors such as heat can lead to increased free radicals and other ROS
and may lead to oxidative stress [60].

Increasedmitochondrial reactive oxygen species (ROS) production and decreased
avian uncoupling protein was confirmed in HS birds [55]. Heat stress could cause
oxidative damage and lead to accumulation of free radicals and other reactive oxy-
gen species (ROS). The balance between ROS and antioxidant is retarded in broilers
exposed to HS [61], leading to oxidative stress during acute HS [15, 62]. Malondi-
aldehyde is a biomarker applied to measure oxidative stress in chickens by indirectly
measuring the level of peroxidation due to ROS [55]. In order to establish this balance
during HS, the strategy for increasing antioxidant capability and activity in birds is
required [43].

Antioxidants, both enzymatic (viz. superoxide dismutase, glutathione peroxidase
and catalase) and non-enzymatic (vitamins C, E and A, glutathione, pyruvate etc.)
provide necessary defense against oxidative stress generated due to high ambient
temperature. In such conditions, the administration of antioxidants has proved to be
useful for improvement of several immune functions [63]. The immune cell func-
tions are associated with the production of ROS such as that involved in themicrobial
activity of phagocytes or lymph proliferative response to mitogens [64, 65]. How-
ever excessive production of ROS due to heat stress renders harmful effect on cells
of immune system.When exposed to oxidative stress, polymorph nuclear leukocytes
(PMNs) change their pattern of oxygen uptake sharply while releasing large amounts
of superoxide anion into the cell environment. PMNs play an important role as medi-
ators of tissue destructive events in inflammatory diseases, ranging from rheumatoid
arthritis and myocardial reperfusion injury to respiratory distress syndrome [66].
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Whenever a chick encounters a stressor, the central nervous system first begins to
respond by sending signals to any of the biological systems via behavioral, autonomic
nervous system, neuroendocrine system and immune system in order to alleviate or
compensate the impendence. The response of each chick to a particular stress con-
dition varies depending upon its previous exposure to the stressors, genetic makeup
[67], age [68], season and physiological state. The immune system does not respond
directly to stress but via the neuroendocrine system. The neuroendocrine system
responds mainly to the Hypothalamo—pituitary—Axis (HPA) by the release of glu-
cocorticoids that are normally called as stress hormones [69]. They act to adapt
the chick to cope up with the long-term stressors. The immune system responds to
stress by enhancement or suppression of immune functions [70]. The stress related
hormones act on the immune cell receptors to modulate the immune response.

7 Heat Stress Affecting Chicken Immunity

7.1 Heat Stress Axis

The HPA axis is one of the most important systems for the integration of the body
and is activated in response to stressful stimuli or homeostatic inconvenience [71].
Increased of plasma corticosterone levels may cause consequent deteriorations in
chicken’s health status [44]. It is the thoughtful trunk of the autonomic nervous
system (ANS) arranged in the adrenal medulla. It acts by the arrival of epinephrine
and nor epinephrine which are in charge of the responsible for the characteristic of
flight or -fright mechanism. These hormones act to enhance glycogenolysis causing
increased glucose levels in circulation. The blood glucose will reach the stressed
organ in order to meet the energy requirements and cope up with the stressor [72].

The corticosterone serum levels will be higher when chicks are exposed to
heat. Performance indices deficits and macrophage activity are observed for broiler
stressed chicks. The intestinal integrity might have been a consequence of modi-
fications in HPA function. As a matter of fact, results from Shini et al. [73] indi-
cated that heat exposed chicks caused release in serum corticosterone level. This in
turn increased the heterophil: lymphocyte ratio. Moreover it induced ultrastructural
morphological changes in heterophil size, shape, and granulation and lymphocyte
cytoplasmatic characteristics.

The HPA axis and sympathetic-adrenal-medullary system (SAM) are the crucial
components that receive stress signals and act to relieve the stress mechanism or
adopt the chick to the stressful condition [74]. However, a significant increase in
T3 but not in T4 level was observed during heat stress [75]. During short—term
exposure to high ambient temperature, the concentrations of glucocorticoids and
catecholamines were found to be elevated [76]. Moberg andMench [24] documented
the simultaneous relationship among thermal stress, plasma aldosterone level and
urine electrolyte concentration. During prolonged heat exposure plasma aldosterone
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level was reported to decline. Concurrent with this, there was significant fall in serum
K+ [77].

7.2 Hypothalamus—Pituitary—Adrenal Axis (HPA)

The center of pressure reaction is accepted to be founded on the enactment of HPA.
The key segments of this system include: (i) hypothalamus, and (ii) brain stem. The
parvocellular neurons of CRH, arginine vasopressin (AVP) neurons of paraventricu-
lar cores of the hypothalamus, CRHneurons of paragigantocellular and parabranchial
nuclei of medulla and locus ceruleus innervate the system [72]. They sense stressor
and get activated to release CRH from the paraventricular nucleus and arginine vaso-
pressin from magnocellular neurons of the hypothalamus. They act on the anterior
pituitary cells to release adrenocorticotropic hormone (ACTH). ACTH, in turn, acts
on adrenal cortex to stimulate synthesis and release of steroids leading to cholesterol
uptake. Cholesterol further gets converted into cortisol and corticosterone. Gluco-
corticoid receptor exists as a complex in the cytoplasm of most cells including the
immune cells. Glucocorticoid Responsive Elements (GRE), located in the promoter
region of the target gene, regulates the expression of target genes either positively
or negatively. Both conditions are associated with (1) increases in hypothalamic-
pituitary-adrenal (HPA) axis activity and elevation in serum corticosterone [78], (2)
overall leukocytosis, (3) mild reductions in absolute natural killer (NK) cell counts
and relative T-cell proportions, (4) marginal increases in CD4+ :CD8+ ratios, and
(5) moderate decreases in T-cell and NK-cell function [79].

7.3 The Link Between Stress and the Immune System

Sympathetic innervation from brain connects the primary lymphoid organs and sec-
ondary lymphoid organs [80]; thus, the catecholamine receptors in immune cells also
contribute to immune cell activation by stress mechanisms. The end product of HPA
axis activation is glucocorticoid release, which has receptors in almost all organs
including the immune cells [81].

Glucocorticoids increase the transcription of anti- inflammatory cytokines [inter-
leukin (IL)-4 and IL-10] and decrease that of pro inflammatory cytokines (IL-1,
IL-12, IL-6, tumor necrosis factor-α, interferon, and granulocytemacrophage colony-
stimulating factor) (i.e., theymodulate theT-helper type 1 vs. T-helper type 2 cytokine
profile). These hormones decrease the transcription factors for adhesion molecules
such as intercellular adhesion molecule-I and vascular cell adhesion molecule-I [14].
Restraint stress decreases NK cell activity in chickens, most probably due to a tran-
sient increase in corticosterone serum levels. Heat stress (39 °C for 7 h/d) presents
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decreased CD4+ and CD8+ cells and SRBC antibody titers in chickens [82]. Injec-
tion of corticosterone decreases antibody production against SRBC and impaired
bronchitis vaccine response in chickens [83].

7.4 Heat Stress and Innate Immunity

This refers to the natural or inherited ability to resist disease and the involved mecha-
nisms that come into play immediately after a few hours that an antigen has appeared
in the body. However, it is possible that specifically through corticosterone release;
heat stress could decrease the chickens’ innate immune response in commercial
industrial production, thus decreasing their resistance to other pathogens, such as
coccidia. Altogether, the central nervous system activation by heat stress is responsi-
ble for the changes in intestinal immunity,which reinforces the idea of the existence of
a link between the nervous and immune systems in maintaining intestinal homeosta-
sis. Included in this type of immunity are a number of non-specific disease response
mechanisms. Concerning the effects of heat stress on avian species, the following
findings were reported: (1) decreases in the feed consumption, BW gain, as well as
the total white blood cell count and antibody production [41]; (2) decreases in the
number of peripheral blood lymphocytes and induction of an electrolyte imbalance
[48]; (3) decreases in the blood lymphocytes and spleen weight [84]; (4) decreases
in CD4+ and CD8+ lymphocytes and antibody production against SRBC [82] and
(5) decreases in the wet and dry weights of jejunum [85].

7.5 Heat Stress and Adaptive Immunity

Adaptive immunity creates “immunological memory” once an initial response to a
specific pathogen has been triggered, which can enhance future responses to that spe-
cific pathogen and act more efficiently. These antigen-specific immune responses are
provided by immune cells or antibodies that are produced in response to exposure to
an antigen. These antibodies are very small, very special proteins (globulin proteins)
that chickens release into their circulatory system, which fight foreign invaders e.g.
invading viruses and bacteria [14].

The adaptive immunity is specific to an antigen and can take one of two forms:
a-Antibodies: Antibodies do not have the capability to kill disease organisms

directly. Antibodies perform their function by attaching to disease organisms and
blocking their receptors. The disease organisms are then prevented from attaching to
their target cell receptors in the chicken. The attached antibodies also immobilize the
disease organism which assists their destruction by macrophages’. b-The cellular
immune response: The cell segment of the resistant reaction incorporates every one
of the cells that respond with specificity to antigens, aside from those related with
counter acting agent generation. The cells relatedwith this system, theT-lymphocytes
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(T-cells), start as a similar immature microorganisms as the B-cells. A range of T-
cells is produced to perform various roles. Some T-cells act by producing chemicals
called lymphokines; others directly destroy disease organisms; some T-cells act to
enhance the response ofB-cells,macrophages, or other T-cells (called helper T-cells);
while still others have the opposite effect and act to inhibit the activity of these cells
(suppressors) [58, 75, 86].

7.6 Mechanism of Heat Stress Impacting the Immune System

High environmental temperatures activate the hypothalamic-pituitary-adrenal (HPA)
axis. The stress-activated HPA axis was found to be responsible for the negative
effects of HS on broiler performance and immune function [34]. The HPA axis regu-
lates corticotrophin releasing hormone and adrenocorticotropic hormone are released
from hypothalamic and pituitary cells [87]. In response to the physiological disrup-
tions, more glucocorticoids are released. Glucocorticoids participate in the control of
body homeostasis and stress response of various organisms [43]. In chickens, HS has
been shown to cause elevated corticosterone concentrations [42, 44, 88, 89]. Changes
in corticosterone levels also occur due to environmental stimuli [90]. Increased corti-
costerone, as the final product of the HPA axis, causes numerous effects on behavior,
metabolic pathways, and immune functions [91].

7.7 Heat Stress and Heat Shock Protein

Heat-shock proteins (HSPs) are produced in abundance within the cell in response to
various stressors. Proteins are an evolutionarily conserved family of proteins whose
expression increases in response to a variety of different metabolic insults. Despite
their designation, most of the HSPs are constitutively expressed and perform essen-
tial functions [92, 93]. The function of the heat shock proteins is to activate ATP
hydrolysis and binding Hsc70 (constitutive form) to the aggregated protein [94].
HSP110 combined with HSP70 into an HSP110/HSP70 bichaperone and supported
by gene activity, creates a complex that can unfold even stably misfolded and aggre-
gated proteins [95]. As a part of adaptation, cells are able to adjust to the changing
environmental conditions by modulating their gene expression. In chickens, tran-
scriptomic approaches have been applied in studying heat stress with both in vivo
and in vitro models, which allowed identification of stress-related gene expression
changes in liver [96, 97], testes [98], brain [99], heart [97], muscle [97, 100] and
hepatocellular carcinoma cell line [101]. However, there has been no attempt to study
the molecular responses to heat stress and the accompanying endotoxemia directly
in the avian immune system.

Heat shock proteins greatly enhance the efficiency of intracellular protein man-
ufacture and transport and may enhance immunity against pathogens by improving
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immune surveillance of infected cells [102]. A number of herbs or their derivatives
have been showed to induce or to facilitate HSP responses listed such herbs may
strengthen the systemic response to antigens. All have been traditionally used as
tonics; adapt gens, or immune-modulators.

7.8 Heat Stress and Gut Health

Physiologically, warm pressure can cause multi-organ system disappointment,
including the intestinal tract. The tight intersections between the epithelial cells of the
guts lose network because of oxidative pressure that takes after overheating. As an
outcome, penetrability of the intestinal layer increments and the intestinal substance
begins spilling out of the gut, prompting foundational bacterial contamination of the
living being and the sudden incendiary reaction of the safe structure [103]. One of the
fundamental poisons that is associated with warm cytotoxicity is lipopolysaccharide
(LPS), which is a cell divider segment of the Gram-negative microscopic organisms
and the endotoxin that triggers resistant reactions. The primary line of resistance
against endotoxemia is the intrinsic invulnerable structure, which is involved for the
most part of phagocytic cells, for example, monocytes and macrophages [104–106].
These cells respond to stressors by delivering a lot of chemokines, cytokines, and
nitric oxide species to draw in other safe cells to the irritation site and in addition to
specifically ward off the pathogens. Normal morphology and integrity of the small
intestine are important to prevent bacterial translocation from the intestinal tract to
the body as for digestion and absorption of nutrients [14]. Moreover, chickens sub-
mitted to chronic heat stress presented decreased villus heights (19%) and wet (26%)
and dry (31%) intestine weights of the jejunum [39]. However, it is relevant to point
out that an increase in the number of heterophils was found in the stressed chickens, a
fact that is likely to be indicative of a possible intestinal mucosal barrier dysfunction
and, consequently, a bacterial infection. Inflammatory infiltrate contributes to the
production of pro-inflammatory cytokines that act in the intestinal epithelium’s tight
junctions, in turn increasing the mucosa permeability to pathogenic bacteria [107].

7.9 Significance of Optimum Nutrition for Chicken Immune
Function

The relationship between nutrition and the immune system has been the Centre of
attention in scientific communities in last decade. National Research Council (NRC)
recommendation for feeding regimes are usually based on the needs of healthy birds
under ideal management, but chickens in commercial systems are normally exposed
to various kinds of stresses and diseases. It is well known that birds reduce feed intake
as well as feed efficiency [108] under high ambient temperature. This reduction in
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feed may avoid the thermogenic effect associated with nutrient absorption, assimi-
lation, and utilization [109]. When the environmental temperature increases above
30 °C, several mechanisms are activated to allow the blood flow increase to upper
respiratory tract and other active organs for heat dissipation (combs and wattles) at
the cost of blood flow to the digestive system [110]. Wolfenson et al. [54] showed a
descending gradient of blood flow along the digestive tract from the ileum to proven-
triculus in response to hyperthermia. This would reduce proteolytic enzymatic activi-
ties occurring in the upper part of the digestive tract and decreases subsequent protein
digestibility [111]. It is necessary to establish specific digestibility coefficients for
high environmental temperature conditions. The reduction of triiodothyronine and
changes in bodily hemodynamics has been suggested to be part of the mechanisms
associated with improved thermotolerance in acclimated chickens [112]. The high
ambient temperature may suppress nitrogen and total amino acids ileal digestibility
by almost 4.5 and 5.5%, respectively [77].

It has been reported that chicks fed deficient amino acid had suboptimal interleukin
production during immunologic stress. Rama-Rao et al. [113] showed that methion-
ine levels lower than 0.50% in broiler diet generates a poorer immune cell response as
compared to higher concentrations. Utilization of immune stimulants is one solution
to improve the immunity of chickens and to decrease their susceptibility to infec-
tious diseases [8]. Glucose is the primary energy source for all metabolic reactions.
The plasma glucose concentration is primarily regulated by hormones secreted by
the pancreas. The hormones glucagon and insulin function to increase and decrease
glucose levels, respectively. Disturbances to this balance can result in damage to
nerves, blood vessels, and even death. Changes in physiology may occur by alter-
ations in electrolyte balance which is essential for acid-base balance, maintenance
of cellular homeostasis, synthesis of tissue protein, electrical potential of cell mem-
branes, enzymatic reactions, and maintaining osmotic pressure [48]. Increased fluid
excretion in the urine is accompanied by increased concentrations of electrolytes in
the urine [49]. Altering electrolyte amounts in feed partially ameliorates the negative
impacts of heat stress in broiler chickens [2].

Antioxidant vitamins are effective ways of alleviating heat stress in poultry.
Antioxidant vitamins such as vitamins A (retinol), E (α tocopherol) and C (ascorbic
acid) are used in poultry diets because of their anti-stress effects and because their
synthesis is reduced during heat stress. Heat stress stimulates the release of cor-
ticosterone and catecholamines and initiates lipid peroxidation in cell membranes
[18].

Modern herbs research and a new understanding of the immune system have
explained many mechanisms by which these herbs work. Instead, they rely on the
innate immunity of each cell and on systemic signals emanating from infection
sites [114, 115]. Flavonoids and hydroxylase phenols are naturally synthesized by
plants in response to infection [116]. Flavones and flavanones, being bitter, also have
natural anti-feeding effects. Alkaloids are the most common plant metabolites [117].
More recently, many secondary metabolites have been suggested to have Immuno-
modulation properties in chickens [118].
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7.10 Genetic Impact

Climate change is expected to increase the average global temperature and negatively
impact on the food supply. Increasing population and economies increase demand for
dietary animal protein. Heat stress in chicken decreases production and increases dis-
ease susceptibility. Understanding the genetic control of response to heat in chickens
could enable breeding of more climate-adaptable chickens that are heat and/or dis-
ease resistant. At the population level, a highly advanced intercross line originating
from the broiler (heat susceptible) and Fayoumi (heat resistant) were applied.

Not only, it is desirable to determine the genetic component by estimating her-
itability and performing association, but also another approach to understanding
genetic control is to quantify the expression of transcripts. The most wide transcripts
are mRNA which is transcribed from DNA, processed within the nucleus, and sub-
sequently translated into amino acids on ribosomes within the cytoplasm [100].
There are many technologies to quantify mRNA expression including northern blot,
RT-PCR, and whole transcriptome profiling using RNA-sequencing methods. RNA-
sequencing is currently the preferred method to assay transcriptional levels because
it is an a priori approach that doesn’t require investigators to choose genes to assay
expression but, rather, assays expression for all genes that are transcribed. RNA-
sequencing can reveal genes and pathways that are responsive to treatment effects.
The transcriptomic response to heat stress in chickens has been documented in sev-
eral tissues and cell lines. The liver of heat stressed broilers revealed 43 differentially
expressed genes using RNA-sequencing technology. In Silkie fowl, the breast muscle
revealed 110 genes differentially expressed using microarray technology [100]. In
male white leghorn liver cancer cell line, RNA-sequencing revealed 812 transcripts
that were responsive to in vitro heat treatment [101]. In meat-type birds exposed to
heat stress, the hypothalamus was evaluated using microarray, which showed 1,967
genes to be differentially expressed [101]. No studies, however, have been done to
investigate the global transcriptomic response in an immune tissue to the double
stressor of heat stress and immune stimulation.

8 Conclusions

Climate change is defined as increased severity and variability of weather patterns.
This includes increasing the severity and incidence of droughts, flooding, cold bouts,
and heat waves. Weather variability is the overarching theme, but it is expected
that the global average temperature will increase by 4 °C by 2100. The changing
environmental temperatures require adaptation from all forms of life.

Under stress conditions, avian blood tolerates a change from acid—base balance
to alkaline balance. There is a decline in the plasma, a reduce level of vitamin C in the
adrenal cortex, a reduction in lymphocytes and a depression of immune response.
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As the temperature rises, the birds undergo many changes—increased water con-
sumption, respiration rate, body temperature, inferior egg quality and susceptibility
to diseases.

In particular, the highly specific adaptive immunemechanisms are affected by heat
stress. In more specific, heat stress deteriorates the cell mediated immune responses.
This reveals that heat stress needs to be considered as an important factor compromis-
ing chicken’s health. As a result of heat conditioning, biochemical and physiological
mechanisms were induced to cope with heat stress; this induction may have delay
production of additional acute phase proteins to protect the cells from damage. The
stress hormones—cytokine interactions are responsible for altered immune functions
during heat stress. Modern day molecular biology tools can help in understanding
various cellular and molecular mechanisms involved in the production, physiolog-
ical and immunological aspects of the poultry birds, which in turn can help in the
development of breeds more adapted to the climate changes.

Heat stress is one of the most important environmental stressors challenging poul-
try production worldwide. The negative effects of heat stress on broilers and laying
hens range from reduced growth and egg production to decreased poultry and egg
quality and safety. However, a major concern should be the negative impact of heat
stress on poultry welfare.

Finally, it is important to mention that intervention strategies to deal with heat
stress conditions including environmental management (such as facilities design,
ventilation, sprinkling, shading, etc.), nutritional manipulation (i.e., diet formula-
tion according to the metabolic condition of the birds), as well as inclusion of feed
additives in the diet (e.g., antioxidants, vitamins, minerals, probiotics, prebiotics,
essential oils, etc.) and water supplementation with electrolytes. Over the past fifty
years the global poultry production experienced leaps and bounces to accommo-
date rising demand. On the other hand, popular demand and scientific interest for
organic poultry production, particularly feeding with medicinal botanicals, has con-
siderably increased in recent years. Many studies have clearly established the fact
that herbal plants and their derivatives have potential as immune modulators. Both,
the innate and adaptive components of the immune system are stimulated by phylo-
genic. Moreover, most studies have exercised herbal extracts rather than the purified
compounds. Therefore, there is still distrust concerning the efficacy and optimum
dosage of herbal plants and their derivatives as immune stimulators. Hence, more
research is required for scientific validation of herbal plants as potent chicken immune
stimulators. Nevertheless, the effectiveness ofmost of the interventions has been vari-
able or inconsistent. More recently, two innovative approaches have been explored,
including early-life conditioning (i.e., prenatal heat acclimation) and genetic selec-
tion of breeds with the increased capacity of coping with heat stress conditions (i.e.,
increased heat tolerance). However, these potential opportunities, although promis-
ing (particularly, for poultry production in hot climatic regions), still require further
research and development.
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Abstract Climate change is a global phenomenon that has different regional
impacts. Some countries and sectors are to be affected more than others, especially
those with inadequate adaptive capacities that would increase their vulnerability.
According to the climate change projections of potential impacts, Egypt and the Nile
Delta are to be affected. The effects of climatic changes are to be experiencedmore in
agriculture, which is to negatively affect rural communities. Meanwhile, agriculture
in Egypt and the Nile Delta is countering immediate socio-economic and natural
resources related challenges which continuation would exacerbate the impacts of
climate change. Therefore, the impacts of these challenges on agriculture in the Nile
Delta governorates, in terms of population growth, agricultural land fragmentation,
and urban expansion on agricultural land are reviewed. For the identification of the
impacts of climate change: temperature increase and sea-level rise (SLR) on agricul-
ture in the Nile Delta governorates, the vulnerability assessment framework (VAF) is
used. Findings show that—immediate challenges—urban expansion on agricultural
land if not curbed, even without climate change, would severely impact agricul-
ture and thus the national food security. Nevertheless, climate change would have
great impacts on agriculture and farmers in the Nile Delta, whereas some gover-
norates are to be more vulnerable to the climate change stimuli than others depend-
ing on their exposure, sensitivity and adaptive capacities. The chapter concludes
that more ‘context-specific’ attention needs to be directed towards agriculture in the
Nile Delta to preserve it—fromman-made and environmental challenges—for future
generations.
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1 Introduction

Climate change is a global phenomenon affecting countries and economic sectors
differently through the increase or decrease in temperature, decrease or increase in
rainfall and water resources availability, sea-level rise and extreme weather events
(floods and droughts). Climate models predict that the change in climatic conditions
will affect agriculture by reducing land productivity between 10 and 20% by 2050
in many developing countries and affecting about 10% of the agricultural land [1,
2]. Accordingly, many farming households are expected to counter crop deficiencies
and yield reductions that would affect their livelihoods and in turn their vulnerability
[3, 4].

Farmers in Egypt are equally expected to suffer from climate change impacts, as
Egypt has been classified as one of five countries in the world, vulnerable to the neg-
ative impacts of climate change [5, 6]. Climate change is to negatively affect prime
agricultural land and thus harm agricultural production. A UNDP supported study
conducted in 2013 [7], expects a decrease between 4 and 17% of agricultural produc-
tion by 2030. TheNile Delta in the northern part of Egypt—comprising about 50% of
the agricultural land—is identified as one of the world’s three “extreme” vulnerabil-
ity hotspots. It is expected to experience temperature and crop water requirements’
increase, and sea-level rise (SLR) that would negatively affect large agricultural land
areas and in turn impact agricultural production [8, 9]. This would sequentially have
a bearing on farmers’ resilience by increasing their vulnerability.

Nevertheless, agriculture in Egypt in general and in the Nile Delta in particular, is
currently facing other intense challenges resulting from the rapid population growth
that is exceeding 2.5%annually [10], thus augmenting agricultural land and irrigation
water scarcities. These challenges can be categorized into socio-economic andnatural
resources challenges. These challenges, if not immediately countered, are expected
to have far-reaching future impacts on agriculture and would exacerbate the impacts
of climate change in Egypt and the Nile Delta.

Though aware of the importance of the impacts of the natural resources chal-
lenges on agriculture, this chapter is only to address the socio-economic challenges
impacts on agriculture in the Nile Delta governorates. It is believed that the socio-
economic aspects fuel and reinforce the natural resources challenges, thus, if the
former are curbed the negative impacts of the latter could be contained.

To this end, this chapter attempts to explore the change in agriculture in the Nile
Delta governorates, in terms of field crops’ agricultural land area, production, net
value and employment. This attempt includes changes resulting on the one hand
from the continuation of the socio-economic challenges (without climate change),
and on the other from those caused by the climate change stimuli (without urban
expansion), here, temperature increase and sea-level rise (SLR).

The focus is on socio-economic and climatic changes that are expected to take
place by the year 2030, which is only 12 years ahead from today that allows the
assumption that similar socio-economic conditions in the Nile Delta governorates
would continue to exist.
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The assessments are mainly based on the ‘Population, housing and establishment
census of 2017’ [11] for population-related data, and on the ‘Annual bulletin of the
agricultural cooperatives’ activities of 2015/2016’ [12] for agricultural land area and
number of landownerships data. For data on agricultural field crops (the focus of
this chapter), the ‘Annual bulletin of statistical crop area and plant production of
2014/2015’ is used [13]. In addition to climate change-related literature, such as the
‘Proposed climate change adaptation strategy for the ministry of water resources and
irrigation in Egypt’ [9] and the ‘Potential impacts of climate change on the Egyptian
economy’ report [7].

The impacts of the socio-economic challenges in the Nile Delta governorates by
2030, are assessed by extrapolating available statistics on rural population growth,
agricultural land fragmentation and urban expansion on agricultural land. For the
determination of the climate change stimuli impacts on agriculture in the Nile Delta
governorates and the identification of farmers’ vulnerability in 2030, the vulnerability
assessment framework (VAF) is applied. The VAF is an important tool for supporting
policymakers in formulating necessary strategies of climate change adaptation for the
enhancement of the adaptive capacities of local farming communities by improving
awareness of the causes and the implications of vulnerability [14, 15].

The framework considers the exposure and sensitivity of agriculture and farmers to
the climate change stimuli, and their local adaptive capacities [16] that are necessary
for coping with climate change adverse impacts on farmers’ livelihoods [16, 17]. For
the exploration of the adaptive capacities of farmers the livelihood assets—defined
by the sustainable livelihood framework—are used. These are composed of human,
social, natural, physical, and financial assets. Assets influence farmers’ vulnerability
and determine how they would deal with the negative impacts of climate change
[18, 19]. The chosen indicators for the determination of farmers’ adaptive capacities
vis-à-vis climate change stimuli in the Nile Delta governorates are concerned with
farmers’ awareness of climate change hazards and their ability to decide on choosing
the suitable adaptation measure [20]. These indicators include farmers’ experience,
age, access to agricultural information and their level of education, and access to
funding [17].

2 Agriculture and Its Challenges in Egypt

The Nile Delta is central for the production of field crops’ and the provision of agri-
cultural employment in Egypt. However, there are present challenges that negatively
affect agriculture. The agricultural importance of the Nile Delta and the countered
challenges are introduced in this section.
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2.1 The Nile Delta and Agriculture

Egypt is an agriculture-based country though it only contributed about 11% of total
GDP in 2016/2017 [21]. It provides livelihoods for about 50% of the rural population
and employs about 30% of the labor force in farms and agriculture-based industries
[22]. Agriculture is also an important source of food for most of the Egyptian popu-
lation, especially those living in rural areas [23]. Over the past decades, agricultural
research has allowed Egypt to increase its self-sufficiency in many field crops’, such
as wheat and sugar crops [24]. In 2015, self-sufficiency in cereals reached about
60%, 100% in sugar crops, and 70% in oil crops [13, 25, 26].

The Nile Delta, located in the north of Egypt, overlooking the Mediterranean Sea
with a coastline of 240 km stretched out from Alexandria in the west to Port Said in
the east [27], is central for Egypt’s agricultural production. Agricultural land in the
Nile Delta covers about 2% of Egypt’s total area [27], while the total agricultural
land in Egypt (Old and New Lands)1—about 9 million feddan—constitutes about
4% of Egypt’s total area. The major agricultural governorates in the Nile Delta
include: Damietta, Dakhahlia, Sharkia, Qalyubia, Kafr El-Sheikh, Gharbia,Menufia,
Beheira, Ismailia and Alexandria2 (see Map 1). Most of the agricultural land in these
governorates areOld Lands, except for Alexandria, Ismailia andBeheira where about
60%, 40%, and 30% respectively of their total agricultural land area is New Lands.
While 100% of the agricultural land in Daqahlia, Gharbia and Menufia is Old Lands
(see Table 8 in Annex for the agricultural land area in the Nile Delta governorates and
agricultural land by type: Old and New Land categorized under different agricultural
cooperatives: credit, agrarian reform and land reclamation cooperatives).

The Nile Delta governorates are home for about 50% of Egypt’s population,
for more than 50% of the rural population and about 60% of the farmers (landown-
ers). Moreover, the cultivation of field crops’ in the Nile Delta governorates, makes
available more than 55% of working days dedicated to field crops production in
Egypt.

These governorates encompass about 50% of Egypt’s agricultural land and con-
tributed about 50% of the total field crops’ net value in 2015. In Table 1, the field
crops are grouped into crop groups: cereals, sugar crops, oil crops, pulses, medicinal
crops, vegetables, clover, and cotton. Cereals include wheat, barley, rice, and maize;
sugar crops include sugarcane and sugar beet; oil crops include peanut, sesame,
flax, sunflower, and soya beans; and vegetables include vegetables, potatoes, sweet
potatoes, onion, and garlic.

1The agricultural land in Egypt is composed of Old and New Lands, the former is the alluvial land
formed over thousands of years through the silt coming with the annual flood, while the latter refers
to the land in the desert that has been reclaimed over the past six to seven decades.
2The focus in this chapter is on 10 major agricultural governorates in the Nile Delta. These include:
Damietta, Dakhahlia, Sharkia, Qalyubia, Kafr El-Sheikh, Gharbia, Menufia, Beheira, Ismailia and
Alexandria. Port Said was excluded due its limited agricultural area accounting for about 100,000
feddan.
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Map 1 The Nile Delta governorates. Source Schewe [28]

The Nile Delta governorates comprise about 60% of the land cultivated with
cereals that contribute more than 60% of the cereal production in Egypt, and they
constitute about 50% of the sugar crops’ area that yields more than 30% of the
national sugar crops’ production. These governorates are also home for about 30%
of the oil crops area that supplies about 30% of the total produce and includes more
than 55% of the pulses area that contributes to Egypt’s self-sufficiency by producing
more than 50% of the pulses. The Nile Delta governorates are also important for
producing vegetables, as they comprise more than 55% of the total vegetables area
that produces about 50% of total vegetables in Egypt. The production of clover and
cotton is mostly concentrated in the Nile Delta governorates with about 70% of the
clover area and more than 60% of its production, and about 90% of the cotton area
and 90% of its production in Egypt in 2015. For the cultivation of these field crops,
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Table 1 Field crops’ groups by area, production, net value and water requirements in the Nile
Delta governorates in 2015

Field Crops’
Group

% of Nile
Delta field
crops’ area
of total field
crops area in
Egypt

% of Nile
Delta field
crops’
production
of total field
crops
production in
Egypt

% of Nile
Delta field
crops’ net
value of total
field crops
net value in
Egypt

% of Nile
Delta field
crops’ water
requirements
of total field
crops water
requirements
in Egypt

% of Nile
Delta field
crops’
working
days of total
field crops
working days
in Egypt

Cereals 57.60 62.50 52.40 67.13 56.60

Sugar crops 46.00 31.10 30.90 18.67 34.10

Oil crops 31.20 28.60 30.50 29.59 31.30

Pulses 55.80 53.60 23.50 54.67 55.70

Vegetables 55.40 49.40 39.60 55.47 56.10

Clover
(berseem)

68.90 61.00 82.50 81.01 68.90

Medicinal
crops

9.20 2.50 10.30 9.16 9.20

Cotton 87.80 85.80 79.30 87.82 87.80

% of total
Egypt

57.40 51.70 50.20 59.30 55.30

Source Calculated by the Author based on Capmas [13] and Mohamed et al. [29]

about 60% of the total field crops’ water in Egypt is used for irrigation3 (see Table 1)
during the Summer, Winter and Nili seasons.4

Despite its importance, agriculture in the Nile Delta is subject to challenges that
need immediate attention and intervention to limit their negative impacts. These are
addressed below.

2.2 Challenges Countering Agriculture in the Nile Delta

Agriculture in the Nile Delta is countering socio-economic and natural resources
challenges that affect agricultural production and farmers’ livelihoods. The socio-
economic challenges are concerned with population growth related problems,
while the natural resources challenges involve water and soil-related difficulties.
These challenges are briefly framed in the following paragraphs.

3Fresh water used for the cultivation of field crops was about 40 BCM in 2015, accounting for 72%
of Egypt total share from the Nile River (55.5 BCM) excluding horticulture and permanent trees,
see [26].
4Agricultural land in Egypt is cultivated at least twice a year: during theWinter and Summer seasons
in addition to the Nili season.
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2.2.1 Socio-economic Challenges in the Nile Delta

The socio-economic challenges are composed of population growth, agricultural land
fragmentation and urban expansion on agricultural land. These are three interlinked
aspects that impact agricultural production and food self-sufficiency; however, for
analytical purposes, they are addressed separately below.

a. Population Growth

According to the population and establishment census of 2017 [11], the population in
Egypt has reached about 95million in 2017, revealing an increase of about 10million
people over the past 3 years [30]. The population of the Nile Delta governorates has
also increased by more than 4 million people, from about 42 million in 2015 to 46
million people in 2017 [11, 30].

The increase in the Nile Delta population in general and that of the rural pop-
ulation—accounting for about 64% of the population—contributes to the decrease
of the per capita agricultural land. Furthermore, population growth coupled with the
limited land area of the Nile Delta have made it among the most densely populated
areas in the world [7]. The average density in the Nile Delta governorates, is about
1800 per km2, it was highest in Qalyubia with about 5000 people per km2 and low-
est in Ismailia with about 260 people per km2 in 2017 (see Table 9 in Annex for
Population density by governorate) [31].

Population growth and increased densities, amplify the pressure on agricultural
land causing its fragmentation.

b. Agricultural Land Fragmentation

Rapid population growth has contributed to the drop of the per capita share in agricul-
tural land from 0.29 feddan in 1950 to about 0.10 feddan since the 1990s in Egypt [11,
13, 30], while the average landownership on the village level is 2 feddan. In the Nile
Delta governorates, the average landownership is 2.3 feddan; however, when exclud-
ing Alexandria and Ismailia governorates—due to their relatively sizeable landown-
erships owed to the added New Lands areas—the average land ownership drops to
1.46 feddan. It is lowest in Gharbia with 0.9 feddan, and Damietta and Qalyubia
with 1.2 feddan respectively, and highest in Ismailia and Alexandria with 6.3 feddan
and 4.9 feddan respectively (see Table 9 in Annex for Average landownership by
governorate in 2017).

Land fragmentation resulting from demographic changes and inheritance reduces
the financial returns of agricultural land, by making it inadequate for supporting a
farming household, which forces farmers to seek to increase their non-farm income
sources. One of these sources is the transformation of their agricultural land into
urban land [32].

c. Urban Expansion on Agricultural Land

According to the Sustainable Agricultural Development Strategy of 2030 [24], the
annual loss of agricultural land to urbanization is about 20,000 feddan in the Nile
Delta and Valley. In contrast, Tate [33] states that the annual urban growth on
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agricultural land was about 30,000 feddan, but after 2011 increased to about 50,000
feddan annually,whichmeans that urban expansion on agricultural land has increased
by 40% after 2011 in Egypt.

Moreover, Alfiky et al. [34] utter that most of the agricultural land lost to urban-
ization is concentrated in the Nile Delta, especially in the Middle Delta governorates
that lack desert hinterland for urban expansion. Thus, urban expansion on agricul-
tural land in the Nile Delta between 1952 and 2002 has consumed about 300,000
feddan of the agricultural land [35], i.e. about 6000 feddan were lost per year, while
El-Kholei [36] states that the annual loss of agricultural land between 1984 and 2007
was about 13,000 feddan. To adjust the agricultural land lost to urbanization in the
Nile Delta for the after 2011 period, the 13,000 feddan are increased by 40%, result-
ing in an annual loss of 18,200 feddan. Therefore, it is sometimes argued that if the
current urbanization trends continue, the Nile Delta will soon be totally transformed
into urban areas [37].

2.2.2 Natural Resources Challenges

The natural resources challenges are composed of water and soil-related impedi-
ments. These affect agricultural land and land productivity in the Nile Delta and are
addressed below.

a. Water Scarcity

Egypt is a water scarce country depending on an outside source for about 90% of
its uses [38]. Egypt’s annual freshwater supply is about 64 BCM/year, of which
55.5 BCM are received via the Nile River, in addition to about 1.3 BCM of rainfall
and about 7 BCM of groundwater [30]. About 80% of the fresh water is used for
agricultural production.

Agricultural production in the Nile Delta governorates is dependent on the Nile
water. Nearly 60% of fresh water used for the irrigation of field crops in Egypt is
used in the Nile Delta governorates because precipitation during December toMarch
(winter season) on the coastal governorates is only between 100 and 200 mm [39].

Therefore, any change in the flow of the Nile, which supplies irrigation water for
agriculture, can have large impacts on agricultural production in the Nile Delta [40].
Consequently, the construction of the Grand Ethiopian Renaissance Dam (GERD)
with a water storage capacity of 74 BCMmight have negative impacts on water avail-
ability for Egypt, especially during the dam reservoir filling period. The reduction in
the available freshwaterwould further reduce the already below—less than 700 cubic
meters per capita per year (m3/year)—‘water poverty line’ (1000 m3/year) water per
capita share in Egypt [41]. This, in turn, would affect agricultural production and
rural livelihoods [26].

b. Soil Salinity

In Egypt, the agricultural land is cultivated at least twice a year, in the summer and
winter in addition to the Nili season [13], which depletes the soils from their nutrients
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that necessitates the use of fertilizers. The use of fertilizers is also accelerated due to
land fragmentation that urges landowners to overuse nutrients [42] to increase their
yields to be able to support their families.

Furthermore, areas in the Nile Delta that are suffering from water scarcity—e.g.
located at the end of the irrigation system—do not have access to adequate fresh
water to leach the soil from excessive salt. A study found that about 2 million feddan
in the northern parts of the Nile Delta are suffering from salt-affected soils [27].
Moreover, during the summer season, some farmers irrigate from drains to counter
water shortage [43], which further deteriorates the fertility of the soil.

Accordingly, the excessive use of fertilizers and the irrigation from drains [9]
negatively affect the soils, especially if coupled with fresh water scarcity that harms
soil fertility, crop yields, and livestock and human health [42, 44].

In the following section, the impacts of the socio-economic challenges on
agriculture in the Nile Delta governorates by 2030 are explored.

3 Impacts of Socio-economic Challenges on Agriculture
in the Nile Delta Governorates by 2030

In this section, the socio-economic challenges in the absence of climate change by
2030 are explored, while assuming the natural resources related challenges remain
unchanged. These challenges include population growth, agricultural land fragmen-
tation and urban expansion on agricultural land. Then, the impact of urban expansion
on agricultural land, in terms of field crops’ agricultural land area, production, net
value and employment is assessed.

3.1 Population Growth

According to the population projections of the UN Population Division in 2008 the
population of Egypt might reach, 104 million people in case of a slow growth rate
and 117 million people in case of a fast growth rate by 2030 [43]. In this section, the
fast growth rate scenario is used since in 2017 the population has already reached
about 95 million from about 85 million in 2014, which refers to a 10 million people
increase in just 3 years. Such an increase will have serious implications for food
security, poverty and social stability [45].

For the estimation of the population of the Nile Delta governorates by 2030,
the percentage share of every governorate’s population of total Egypt in 2017 is
multiplied by the total projected population, of 117 million people. The calculation
results in an increase of about 11 million people in the Nile Delta governorates,
from about 46 million in 2017 to 57 million people by 2030, of which about 60%
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would live in rural areas. This, in turn, would increase the average population density
in the Nile Delta governorates.

By 2030 the average population density in the Nile Delta governorates would
reach about 2300 per km2. The highest density is to be in Qalyubia with about 6000
inhabitants per km2 and lowest in Ismailia with about 300 inhabitants per km2 (see
Table 10 in Annex for Population and population densities by governorate by 2030).

Population growth and high population densities would put pressure on available
land in the Nile Delta. It is also to reduce the per capita agricultural land as well as
the average size of agricultural land owned by farmers, i.e. it would further fragment
agricultural land till 2030.

3.2 Agricultural Land Fragmentation

Population growth increases the number of landowners—due to demographic growth
and inheritance—that causes land fragmentation. The percentage change of landown-
erships by governorate between 1999/2000 and 2015/16 is used to assess the growth
in the number of landowners between 2015/16 and 2030 [30]. The result shows an
increase of about 0.7 million landowners.

The increase in the number of landowners would contribute to the shrinking of
the average landownership in the Nile Delta governorates to 2 feddan—assuming no
increase in the agricultural land area through land reclamation (see Table 10 inAnnex
for Average landownership due to population growth by 2030). However, when
excluding Alexandria and Ismailia—that have relatively large landownerships—the
average landownership would be 1.2 feddan by 2030. The governorates with the
lowest landownership average would be Gharbia and Damietta, with 0.6 feddan and
0.8 feddan respectively. The shrinking agricultural landownerships, low returns and
population growth are expected to accelerate the transformation of agricultural land
into urban land.

3.3 Urban Expansion on Agricultural Land

This section relies on the literature discussed under 2.2.1. It assumes that the annual
loss of agricultural land to urbanization in the Nile Delta governorates is 18,200
feddan. This means that by 2030 (i.e. 12 years from now) the loss of agricultural
land to urbanization would amount 218,400 feddan.

The 218,400 feddan account for about 4.5% of the total agricultural land area
(field crops area) in the Nile Delta governorates. For the determination of the lost
cropping area by 2030, the field crops area by governorate is reduced by 4.5% (based
on 2015 data). Adding up the reduced areas would equal a reduction of about 330,000
feddan cropping area in the Nile Delta governorates. This reduction would have local
and national implications.
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Table 2 Field crops’ groups and the impact of urban expansion on agricultural land by 2030

Field crops’
group

% reduction
of field
crops’
agricultural
land area in
the Nile
Delta due to
urbanization
of total
Egypt

% reduction
of field
crops’
production in
the Nile
Delta due to
urbanization
of total
Egypt

% reduction
of field
crops’ net
value in the
Nile Delta
due to
urbanization
of total
Egypt

% reduction
of field
crops’ water
requirements
in the Nile
Delta due to
urbanization
of total
Egypt

% reduction
of field
crops’
working days
in the Nile
Delta due to
urbanization
of total
Egypt

Cereals 2.59 2.81 2.40 3.02 2.55

Sugar crops 2.07 1.40 1.39 0.84 1.53

Oil crops 1.41 1.29 1.37 1.33 1.41

Pulses 2.51 2.41 1.06 2.46 2.52

Vegetables 2.49 2.22 1.78 2.50 2.52

Clover
(berseem)

3.10 2.75 3.71 3.65 3.10

Medicinal
crops

0.41 0.11 4.41 0.41 0.41

Cotton 3.95 3.86 3.57 3.95 3.95

% reduction
of total
Egypt

2.58 2.33 2.30 2.67 2.49

Source Calculated by the author based on Capmas [13] and Mohamed et al. [29]

3.3.1 Impact of Urban Expansion on Agricultural Land

The reduction of the field crops cropping area by 330,000 feddan would affect agri-
culture in the Nile Delta governorates. The impact on the field crops’ land area,
production, net value and employment is addressed below.

Impact on Field Crops’ Agricultural Area

The loss of 218,400 feddan would reduce the cropping area by 330,000 feddan. This
loss would reduce the field crops’ agricultural land area in Egypt by about 2.6% (see
Table 2).

Impact on Field Crops’ Production

The reduction of the agricultural area by about 2.6% would cause a decrease in the
total production by about 2.3% compared to the field crops’ situation in Egypt in
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2015 (without urban expansion). The cotton production is to be affected the most
by a decrease of about 4% followed by cereals and clover with about 3% each. The
total reduction in production accounts for about 3 million tons of total field crops.

Impact on Net Field Crops’ Value

The reduction of field crops’ production would lead to a decrease of 2.3% of the
total net field crops value compared to the situation in Egypt in 2015 (without urban
expansion). The medicinal crops net value is to be affected the most by a decrease
of 4.4%, followed by clover with about 4% and cotton with 3.6%. This loss amounts
about 2 billion Egyptian pounds of the total net field crops value in Egypt based on
2015 data that are equivalent to about US$270 million.5

Impact on Agricultural Employment

Dividing the loss of agricultural land per governorate by its average landownership
in 2030—accounting for population increase and land fragmentation—shows that
the loss of 218,400 feddan to urbanization would mean that about 240 thousand
landowners in the Nile Delta governorates have decided to transform their land into
urban land.More than 40 thousand landowners in each ofDaqahlia, Gharbia, Kafr El-
Sheikh and Beheira would have decided to urbanize their land (see Table 10 in Annex
for Number of agricultural landowners and average landownership by governorate
by 2030). These landowners would have to look for other sources of income.

Furthermore, the reduction of the field crops’ cropping area by 330,000 feddan
would affect agricultural employment by reducing agriculturalworking days by about
9million days.6 This would equal a total decrease of 2.5% of working days compared
to the situation in Egypt in 2015 (without urban expansion). Moreover, the loss of
about 218,400 feddan would cause a loss of about 360,000 direct and indirect jobs
in the Nile Delta governorates [46].7

Population growth and land fragmentation are expected to constrain farmers’
resilience to averse the negative impacts of climate change, while urbanization on
agricultural land would increase the effects of climate change on the national level.
Nevertheless, for simplification, the future impacts of the climate change stimuli
on agriculture in the Nile Delta governorates are analyzed, while assuming the
agricultural land area remains unchanged.

5Calculations are based on the 7.5 exchange rate of 2015.
6Dividing the 9million working days by 180 days (the average annual working days per agricultural
laborer) shows that 50,000 laborers will be affected.
7Multiplying the number of land left fallow by 1.7 (1 direct job and 0.7 indirect job lost by the loss
of one feddan), see [46].
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4 Impacts of Climate Change Stimuli on Agriculture
in the Nile Delta Governorates in 2030

This section focuses on the impacts of temperature increase and sea-level rise on agri-
culture to elucidate the vulnerability of agricultural communities in the Nile Delta
governorates in 2030. This is done by (1) identifying the potential future impact of
temperature increase and sea-level-rise (SLR) on field crops’ agricultural land, pro-
duction, net value and agricultural employment; then (2) assessing the vulnerability
of agricultural communities in the Nile Delta governorates. To this end, this section is
structured in line with the vulnerability assessment framework (VAF) into exposure,
sensitivity and adaptive capacity based on which the vulnerability of the Nile Delta
governorates is determined.

4.1 Exposure

Agriculture in the Nile Delta is highly exposed to climate change effects via temper-
ature increase that is further expected to cause field crops’ deficiencies, and sea-level
rise that might lead to the inundation of large areas of agricultural land in the coastal
governorates of the Nile Delta (the impact of increased salinity due to inundation is
not addressed in this chapter).

Increased temperature threatens agriculture in the Nile Delta, and the condition
would exacerbate if coupledwithwater shortage [7, 47]. Temperature increase affects
field crops by lowering their yields as well as through expanding crop diseases8 [48].
According to the proposed climate change adaptation strategy for the Ministry of
Water Resources and Irrigation in Egypt [8], the temperature is expected to increase
by 1 °C by 2025, while the Potential impact of climate change on the Egyptian econ-
omy report [7] expects an increase between 0.9 and 1 °C by 2030. The temperature
increase is to affect field crops’ yields differently, i.e. through different percentage
reductions.

The Egyptian Third National Communication in 2016 [49] listed percentages for
field crops’ yields expected reductions in case of a temperature increase of 1.5 °C,
while the Potential impact of climate change on the Egyptian economy used lower
percentages (see Table 11 in Annex for Percentages of yield reduction and water
requirements increase) under the B1 marker scenario. The analysis in this section
uses the percentages of field crops’ reductions stated in the latter report.

Climate change impacts on irrigation water requirements may be great, in the case
of upstream precipitation decrease and/or temperature increase in Egypt. The former
would affect the quantity of fresh water received by Egypt via the Nile, while the
latter would increase the evapotranspiration (ET) of field crops [7, 9], thus increasing

8Climate change and heat waves might also affect human health [8]; however, this topic is beyond
the focus of this chapter.
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field crops water requirements. Therefore, the impact of climate change on water is
a serious concern for Egypt [40]; however, it is not within the focus of this chapter.

Studies predict that agricultural activity in the Nile Delta could be substantially
affected by SLR through inundation and salinization [47, 50, 51]. The Potential
impact of climate change on the Egyptian economy report [7] used the IPCC’s (B1)
and (A1F1) scenarios for the determination of the impact of SLR on the agricultural
land in the Nile Delta regions in 2030. The impact on governorates is grouped by
region into Northeast, North middle, and West Delta region. The middle impact
scenario (B1) would affect the Northeast and North middle Delta regions and would
have the same impact on agricultural land in both cases, protected or unprotected.
In the Northeast Delta, the agricultural land loss would be 0.0% (620 feddan), while
in the North Middle Delta 0.2% (1860 feddan) would be lost. The agricultural land
in the West Delta would not be affected—though the land elevation would be below
the sea level in 2025—because of the Mohamed Ali Wall [52].

The high impact scenario (A1F1) in case of protection would cause a loss of
0.7% (2700 feddan) of the agricultural land in the Northeast Delta and 0.2% (3200
feddan) of the North middle Delta. In contrast, the unprotected case would affect
the agricultural land by a loss of 25.7% (90,310 feddan) in the Northeast Delta,
1.6% (20,070 feddan) in the North middle Delta and by 0.1% (1430 feddan) in the
West Delta. For the analysis in this section, the middle impact scenario (B1) is used.
Thus, the focus is on the loss of agricultural land in the Northeast and Middle Delta
regions. This scenario predicted an approximate total loss of 10.4 km2 of the valuable
agricultural land in the Nile Delta in both cases, the protected and unprotected one.

Temperature increase and SLR that are defined as exposure are expected to impact
agricultural land and farmers (landowners and agricultural laborers) in the Nile Delta
governorates.

4.2 Sensitivity

Sensitivity here refers to the degree to which farmers and agriculture are affected,
either adversely or beneficially, by climate change [53]. The sensitivity of agricul-
ture and farmers in the Nile Delta governorates to temperature increase and SLR
(assuming no change of agricultural land area) is explored in the following part.

4.2.1 Impact of Temperature Increase

The impact of temperature increase on the field crops’ production, field crops’ net
value and employment in the Nile Delta governorates (see Table 11 in Annex for
Percentage reduction of field crops’ yields) is assessed below.



Climate Change, Agriculture and Rural Communities’ … 539

Table 3 Impact of temperature increase on agriculture in the Nile Delta governorates in 2030

Field crops’ group % reduction/increase
of Nile Delta field
crops production of
total field crops
production in Egypt
in 2015

% reduction/increase
of Nile Delta field
crops net value of
total field crops net
value in Egypt in
2015

% increase of Nile
Delta field crops
water requirements
of total water
requirements in
Egypt in 2015

Cereals 5.00 4.29 2.02

Sugar crops 0.33 0.30 0.56

Oil crops 1.08 1.07 0.89

Pulses 9.01 3.95 1.57

Vegetables 7.19 6.01 1.42

Clover (berseem) 5.13 6.93 2.53

Medicinal crops 0.21 4.66 0.29

Cotton (+8.75) (+10.59) 2.32

% Reduction of total
Egypt

4.39 4.95 1.75

Source Calculated by the Author based on ETNC [49], Smith et al. [7], Capmas [13]

Impact on Field Crops’ Agricultural Land Area

Temperature increase is expected to have a bearing on the agricultural land area
in the Nile Delta governorates. Remote and marginal land areas could be spoiled
due to their insufficient access to fresh water that would increase desertification [54].
Nevertheless, the potential area to be lost due to temperature increase is not quantified
in this chapter.

Impact on Field Crops’ Production

Temperature increase would affect field crops’ production in the Nile Delta gover-
norates. Table 3, shows that the temperature increase would decrease the total field
crops’ production in Egypt by 4.4% compared to 2015. However, the impact on the
governorates is expected to differ, depending on their cropping pattern. For exam-
ple, pulses are to be affected the most with a 9% reduction of total production in
Egypt. The production of pulses is concentrated in Alexandria, Damietta and Kafr
El-Sheikh where it covers 2.1%, 1.9%, and 1.2% of their total field crops’ area
respectively, followed by vegetables’ production that would suffer from a reduction
of 7.2%. However, the impact on governorates cultivating vegetables is expected to
be greater, since vegetables cover larger agricultural areas inAlexandria, Ismailia and
Beheira, amounting about 43%, 35% and 22% respectively. In contrast, the produc-
tion of cotton is to increase by about 9% of total cotton production in Egypt (based
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on 2015 data). This increase is to mainly benefit Kafr El-Sheikh, and Beheira gov-
ernorates as cotton covers 7.1% and 3.5% of their respective agricultural land areas
(see Table 12 in Annex for Percentage of field crops’ groups area by governorate).

Moreover, the production of strategic field crops9 is to suffer as the cereals produc-
tion is to decrease by 5%, sugar crops production by 0.3%, and oil crops production
by about 1.1% of their total production in Egypt based on 2015 data. This is to affect
almost all Nile Delta governorates; however, Daqahlia, Sharkia and Qalyubia gover-
norates are to be affected the most as about 70% of their agricultural land is covered
with strategic crops (see Table 13 in Annex for Percentage of field crops’ groups
production by governorate).

This percentage reduction in production assumes the availability of the necessary
water requirements as the temperature increase would increase water requirements
per field crop per feddan. Water shortage would exacerbate the field crops’ yield
deficiency. The cultivation of the field crops’ in the Nile Delta governorates in 2030
(under B1 scenario), would increase the field crops’ water requirements by about
2% of the total field crops water requirements in Egypt based on 2015 data that is
equivalent to about 0.7 billion m3.

Impact on Field Crops’ Net Value

The total field crops’ net value in the Nile Delta governorates is expected to decrease
by about 5% of the total field crops’ net value in Egypt based on 2015 data. The net
value of clover is to be affected, with a decrease of about 7%, followed by vegetables
with a net value reduction of 6%, and medicinal crops with a reduction of about 5%,
while the net value of cotton is to increase by about 11% of the total net value of
cotton in Egypt based on 2015 data. The governorates to be affected the most due
to these reductions are: Damietta and Menufia as about 50% and 40% of their field
crops’ net value respectively comes from clover. Alexandria and Ismailia as about
70% and 65% of their total field crops’ net value comes from vegetables. Daqahlia
and Sharkia as their net value from cereals is about 50% and 40% respectively (see
Table 14 in Annex for Percentage of net value per field crop by governorate).

Based on the average yield per field crop per feddan per governorate the farm level
income would differ from one governorate to the other, which would consequently
affect the livelihood of farmers (see Tables 15 and 16 in Annex for Average yield
per field crop per feddan per governorate without and with temperature increase).

9For the Egyptian government, wheat, sugar crops, and oil crops are considered strategic crops that
are important for the Egyptian populations’ diet and clover for livestock breeding (meat production),
see [24].
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Impact on Employment (Landowners and Laborers)

Temperature increase is to affect all agricultural landowners cultivating field crops
in the Nile Delta governorates. For the determination of the number of landowners
to be affected, the agricultural land is divided by the average landownership by gov-
ernorate. Accordingly, about 3 million landowners (when accounting for population
growth the number of affected landowners would be about 3.5 million by 2030) are
to be affected in the Nile Delta governorates.

To compensate their loss, landowners could resort to intensification, either by
increasing the use of labor and/or fertilizers that in turn would increase the cost they
would incur and reduce the net income they receive [55]. On the other hand, labor
days per feddan are expected to increase because of intensification as well as due to
the potential migration of pests to Egypt that would require fighting to prevent them
from further harming the field crops’ yields (resulting from increased temperature)
[47, 56]. Thus, labor intensification strategy and pest-fighting might contribute to the
increase in the number of agricultural working days per governorate.

4.2.2 Impact of Sea-Level-Rise (SLR)

According to scenario (B1) the Nile Delta regions to be affected by SLR are the
Northeast and the North Middle Delta regions. These are composed of four gover-
norates. The Northeast Delta region is composed of Damietta, Daqahlia and Sharkia;
while the North middle Delta region is composed of Kafr El-Sheikh governorate.
The impact of SLR in these governorates is explored on the field crops’ agricultural
land area, production, net value and employment.

Impact on Field Crops’ Agricultural Land Area

The middle impact scenario (B1) would reduce the field crops’ agricultural land area
by 0.04% of total field crops’ area in Egypt. Damietta, Daqahlia and Sharkia gov-
ernorates constituting the Northeast Delta Region would lose a total of about 620
feddan in both cases; protected and unprotected. For the analysis, it is assumed that
the loss of agricultural land would be equally distributed between the governorates.
Accordingly, every governorate would lose about 207 feddan. This area equals dif-
ferent cropping areas in the governorates based on their respective average cropping
intensity (see Table 9 in Annex for Land intensity by governorate). Multiplying the
cropping intensity by governorate by 207 feddan shows that Damietta would lose
a cropping area of 341.5 feddan, in Daqahlia the lost cropping area would equal
364.3 feddan, while in Sharkia it would equal 372.6 feddan. Thus, the 620 feddan
would equal a total of 1078.4 feddan cropping area that is subtracted from the field
crops area based on their respective share of the total agricultural cropping area per
governorate.
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Kafr El-Sheikh governorate constituting the North Middle Delta Region would
alone lose about 1860 feddan in both cases; protected and unprotected. The average
cropping intensity in Kafr El-Sheikh is 1.82. Therefore, the cropping area to be lost
would be 3385.2 feddan. This area is deducted from the field crops area based on
every field crops share of the total agricultural cropping area in the governorate.

The reduction of the agricultural area due to SLR is to reduce the field crops’
water requirements by 0.04% of the field crops’ water requirements of total Egypt
based on 2015 data that is equivalent to about 16 million m3.

Impact on Field Crops’ Production

The agricultural land reduction would affect field crops’ production by reducing the
total field crops’ production by about 3200 tons in Damietta, 3000 tons in Daqahlia,
2800 tons in Sharkia, and 34,200 tons in Kafr El-Sheikh. The strategic crops would
experience reductions, as the cereals productionwould decrease by 478 tons inDami-
etta, 868 tons in Daqahlia and 777 tons in Sharkia and about 5995 tons in Kafr
El-Sheikh. Sugar crops production losses would be 232 tons in Damietta, 711 tons
in Daqahlia, 351 tons in Sharkia, and about 10,000 tons in Kafr El-Sheikh due to
the large areas cultivated with sugar beet. The loss of oil crops’ production would
be 0.5 tons in Damietta, 0.7 in Daqahlia, 11.3 tons in Sharkia and 7.1 tons in Kafr
EL-Sheikh.

The total loss of field crops’ production would amount about 0.2% in Damietta,
0.03% in Daqahlia, 0.03% in Sharkia, and 0.34% for Kafr El-Sheikh. Though, the
loss may appear small as a percentage; for the single farmer, the loss would be severe.

Impact on Field Crops’ Net Value

SLR would cause a decrease in the field crops net value of about LE2 million in
Damietta, Daqahlia and Sharkia collectively that is equivalent to about US$280
thousand, while the field crops’ net value loss in Kafr El-Sheikh would be about
LE20 million that equals US$2.5 million.10

However, the average annual net income loss for the regular farmer would range
between 6 and 8 thousand Egyptian pounds11 (see Table 4 for selected field crops and
their average net income per feddan by governorate depending on yield per feddan).
The average net income of selected field crops in Damietta would be LE6.5 thousand,
in Daqahlia LE6.4 thousand, in Sharkia LE6.8 thousand and LE7.9 thousand in Kafr
El-Shekih.

10Calculations are based on the 7.5 exchange rate of 2015.
11The result of the average net income of the 7 selected field crops in Table 4. These calculations are
based on prices and costs of 2015 before the devaluation of the Egyptian pound in 2017. The crop
net value after reduction is determined as follows: The average LE income per feddan is divided by
average yield per crop in tons per feddan to determine the unit price of the ton. Then the field crop
yield per feddan per governorate in tons is multiplied by the price per ton.
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Table 4 Farmers average net income per feddan of selected field crops by governorate

Field
crop/governorate

Wheat Rice Sugar
beet

Vegetables Onions
and garlic

Clover Cotton

Damietta 3794.10 2809.42 5408.77 11,735.92 10,221.68 8789.45 2787.79

Daqahlia 4166.96 4027.76 6468.52 9402.27 11,800.77 8303.56 2316.58

Sharkia 4357.75 3573.15 5217.50 9813.11 10,425.42 12,268.06 1966.45

Kafr El-Sheikh 3887.29 3482.24 4959.00 6684.41 16,961.44 16,828.81 2536.96

Source Calculated by the Author based on Capmas [13], Nour El-Din [9], and Smith et al. [7]

Accordingly, Kafr El-Sheikh farmers are to experience the highest net income
loss per feddan. Furthermore, the loss would be greater for large farms that cultivate
vegetables for local and internationalmarkets; howevermore severe for small farmers
that dependon agriculture as themain income source andon thefield crops production
to feed their families and livestock.

Impact on Employment (Landowners and Laborers)

The SLR would impact both landowners and laborers. The total number of landown-
ers to be affected in the four governorates is 1572 landowners and their respective
families.12 The landowners to be affected are determined by dividing the reduced area
by the average landownership per governorate. Thus, in Damietta, 173 landowners
would be affected, in Daqahlia 138 landowners, in Sharkia 99 landowners and 1163
landowners in Kafr El-Sheikh (when accounting for population growth, the num-
ber of affected landowners in the four governorates would increase by about 500
landowners: 259 in Damietta, 173 in Daqahlia, 109 in Sharkia and 1550 landowners
in Kafr El-Sheikh, totaling 2090 landowners).

Moreover, the reduction of the cropping area would decrease the number of agri-
cultural working days. In Damietta, about 8240 working days would be lost, 9026
working days in Daqahlia, while in Sharkia 10,280 working days, i.e. a total loss
of 27,550 working days13 in the Northeast Delta. Furthermore, the permanent loss
of 620 feddan would cause a loss of 1054 direct and indirect jobs in the Northeast
Delta governorates. In Kafr El-Sheikh, the working days would decrease by 89,241
working days,14 in addition to the loss of 3162 direct and indirect jobs.

12The average family size in the Nile Delta governorates is 4.12 members per family.
13Dividing 27,550 working days by 180 days—average working days per agricultural laborer per
year- equals 153, i.e. 153 laborers would lose their jobs.
14Dividing 89,241 working days by 180 days, equals 500, i.e. 500 laborers would lose their jobs.
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4.2.3 Combined Climate Change Stimuli Impact on Agriculture
in the Nile Delta Governorates in 2030

The combined impact of the climate change stimuli of temperature increase and SLR
on agriculture in the Nile Delta governorates in 2030 is presented in Table 5.

The loss of field crops’ area would be 0.04% of the total field crops’ area in
Egypt. This accounts for about 2480 feddan and 4463 feddan cropping area in the
four governorates (Damietta, Daqahlia, Sharkia and Kafr El-Sheikh) caused by SLR,
as the potential impact of temperature increase on marginal agricultural land is not
quantified.

The total impact of temperature increase and SLR on agricultural field crops’
production is a decrease of about 4.4% of total field crops’ production in Egypt
based on 2015 data. This is to reduce the total field crops’ net value by about 5%,
despite the increase in cotton production by about 9% and its net value by about
10.5% of total cotton production and net value in Egypt. The small area cultivated
with cottonmainly in Kafr El-Sheikh, Beheira and Damietta governorates with about

Table 5 Impact of temperature increase and SLR on agriculture in the Nile Delta governorates in
2030

Field
Crops’
Group

%
reduction
of field
crops’
agricultural
land area in
the Nile
Delta of
total Egypt

%
reduction/increase
of field crops’
production in the
Nile Delta of total
Egypt

%
reduction/increase
of field crops’ net
value in the Nile
Delta of total
Egypt

% increase
of field
crops’ water
requirements
in the Nile
Delta of total
Egypt

%
reduction
of field
crops’
working
days in
the Nile
Delta of
total
Egypt

Cereals 0.03 5.04 4.32 1.98 0.03

Sugar
crops

0.06 0.37 0.34 0.54 0.05

Oil crops 0.01 1.09 1.08 0.89 0.01

Pulses 0.06 9.06 3.97 1.51 0.07

Vegetables 0.02 7.21 6.02 1.40 0.02

Clover
(berseem)

0.04 5.17 6.99 2.48 0.04

Medicinal
crops

0.01 2.54 4.66 0.28 0.01

Cotton 0.11 (+8.64) (+10.48) 2.21 0.11

%
Reduction
of total
Egypt

0.04 4.42 4.95 1.71 0.03

Source Calculated by the Author based on ETNC [49], Smith et al. [7], Capmas [13]
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7%, 3.5% and 3% respectively would be insufficient to compensate for the losses in
other field crops yields and net value.

Temperature increase would increase field crops’ water requirements by 1.75%,
while the SLR would decrease the field crops’ water requirements by 0.04% of
total field crops’ water requirements in Egypt. Thus, Egypt’s total field crops’ water
requirements is to increase by 1.71% based on 2015 data. Freshwater shortage due to
climate change and/or the construction of GERD in Ethiopia would further increase
the severity of field crops’ deficiencies in Egypt. Moreover, the inundation of agri-
cultural land would reduce the working days by about 0.03% of the total working
days in Egypt, while temperature increase might increase working days per crop per
feddan to counter yield deficiencies through labor intensification, and crop diseases
fighting. The negative impact of yield reductions on landowners might partially be
offset by the price increase of agricultural products [43, 57].

The negative impacts of the climate change stimuli on the field crops’ area, pro-
duction, net value and employment would affect Egypt’s food self-sufficiency as well
as the national budget by increasing imports. These impacts could also contribute to
the eruption of social tensions/instabilities.

After having discussed, the exposure of the Nile Delta governorates to the climate
change stimuli and the sensitivity of agriculture and farmers, the following section is
dedicated to the identification of the adaptive capacities of farmers in the Nile Delta
governorates.

4.3 Adaptive Capacity

The loss of agricultural field crops’ land, production, and net value would negatively
affect farmers (landowners and laborers) in the Nile Delta governorates and increase
their vulnerability. However, the impact on governorates and farmers would differ
depending on their adaptive capacities. The adaptive capacity refers to available
resources that help farmers cope with the impact of climate change on agricultural
land and livelihoods [6]. To establish the vulnerability of the Nile Delta governorates
and its farmers, their adaptive capacities are explored in this section.

According to Maddison [20] the adaptation of local communities to climate
change involves a two-stage process: first being aware of the change and then taking
the suitable decision regarding the adoption of a certain climate change adaptation
measure. Farmers’ awareness is dependent on their farming experience and access to
climate change related information. The selection of a suitable adaptation measure
to the climate change stimuli by farmers is supported by their education and other
socio-economic aspects that include the size of landownership, and access to funding
[17]. These stages are investigated in the following paragraphs.

Egyptian farmers have a long farming history and experience that enabled them
over the years to cope with scarcities, water shortages and unpredictable events [58].
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A recent example of farmers’ experience in Mahmoudia district in Beheira gover-
norate shows that farmers15 have perceived the change inwater availability, especially
during the summer season. This made them irrigate from private and public drains,
and cultivate crops requiring less irrigation water as well as shifting their cultivation
and harvesting dates. Moreover, a survey of 900 households in 20 governorates in
Egypt revealed that 85% of the households noticed an increase in temperature (heat
waves) in the summer, as well as an increase in the winter temperature. Accordingly,
farmers resorted to water-use efficient crop varieties and/or early maturing ones, as
well as to using wells and drainage water for irrigation [59].

Nevertheless, most farmers’ experience is related to the cultivation of traditional
crops (cereals, sugar cane, clover and cotton). Therefore, the average cropping area
cultivated with traditional crops in the Nile Delta governorates is about 70%. The
cultivation of traditional crops is an indication of subsistence farming, as farmers
mainly produce to eat, not for the market as villages have become central consumers
of agricultural products [60].

In Egypt, the elderly population possesses the farming knowledge and experience,
while the younger population is busy in education or absent due to migration [61,
62]. In the Nile Delta governorates, farmers older than 45 years, accounted only for
about 14% of the rural population in 2017 [11]. Rapid population growth has caused
that about 60% of the rural population in the Nile Delta governorates was less than
25 years old and about 90% were less than 45 years old in 2017. This means that
by 2030 the youngest of the elderly population would be more than 57 years old,
while those who were less than 45 years old in 2017 would be between 25 and
57years old. The latter age categories are expected to be the ones to take responsibility
for agricultural production by 2030 and, thus, they would require support through
access to information and to new technologies to adapt to climate change [62].

They would need to have access to information on various adaptation measures,
in terms of costs and benefits of such measures, and their impact on crops as well
as on their livelihoods. A study conducted in the Nile Delta found that farmers are
willing to adapt to climate change if they have access to reliable information, e.g. on
heat-tolerant crop varieties, use of pesticides and fertilizers, and efficient water use
that are expected to substantially reduce the adverse effects of climatic impacts on
farmers’ livelihoods [63].

The public agricultural extension sector could play an important role in providing
climate change related information as it is supposed to be the link between research
and farmers [17]. For the public extension sector to carry out its tasks, it relies
on research findings, e.g. of alternative crops testing that is suitable for different
agro-climatic conditions [64].

Nevertheless, agricultural research in Egypt is currently experiencing budget and
staffingweaknesses that affect its performance, and in turn that of the extension sector.

15A pilot area of the GIZ Programme “The Adaptation to Climate Change in the Water Sector in
the MENA Region Programme” (ACCWaM) a project I was personally involved in, in 2013.
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The Agricultural Research Center (ARC),16 although its budget has increased from
0.42 to 0.44 of agricultural GDP between 2009 and 2012, the increase was mostly
due to the increase in staffing (i.e. salaries). Furthermore, the hired researchers are
not efficiently distributed across disciplines and/or across the governorates [65].

The public agricultural extension sector in Egypt is composed of three levels: i)
the central level extension staff at the Ministry of Agriculture and Land Reclamation
(MALR)with their subject matter specialists who provide the technical support to the
ii) district level extension staff, who in turn support iii) the village extension workers
(VEW). The latter is the closest to farmers—most of them reside in the villages—and
are affiliated to village agricultural cooperatives. The VEW can be affiliated to one
of two types of agricultural cooperatives: credit, and agrarian reform cooperatives17

(see Table 8 in Annex for Agricultural Cooperatives’ Types: inlcuding land area and
farmers/ landowners’ numbers). The credit cooperatives are present in almost all
villages in the Nile Delta governorates. These oversee about 70% of the agricultural
land, and comprise about 80% of the farmers in the Nile Delta governorates as
members, while the agrarian reform and land reclamation cooperatives encompass
the remaining 20% of farmers and 30% of the land [12, 66].

In the Nile Delta governorates, the average agricultural land area by credit coop-
erative is about 1900 feddan. The largest area per credit cooperative is in Ismailia and
Alexandria with about 4300 feddan and 3800 feddan respectively, while the smallest
average area is in Qalyubia and Gharbia with about 900 and 1000 feddan respec-
tively. On average one VEW is responsible for about 800 feddan [12]. Dividing the
average area per cooperative per governorate by 800 feddan would mean that the
average number of VEW per credit cooperative in the Nile Delta governorates is 2
workers. Dividing 800 feddan by the average landownership per governorate shows
that on average, one VEW is responsible for about 510 farmers in the Nile Delta
governorates.

Agricultural cooperatives were established as an arm of the Ministry of Agricul-
ture to guide and supervise farmers’ agricultural production [67].18 However, since
the late 1980s, the agricultural liberalization has stripped agricultural cooperatives
of most of their functions, by the abolishment of the compulsory crop rotation and
its replacement with the guided crop rotation that enables every farmer to cultivate
what he wants, and leaving small individual farmers subject to market forces. This
has weakened the cooperatives’ role as a means of enabling small farmers to benefit
from the economies of scale [68, 69].

In the absence of strong associative structures, the VEW would have to provide
individual farmers with information on climate change adaptation measures, which

16The Agricultural Research Center (ARC) was established in the 1970s—as part of the organigram
of the Ministry of Agriculture and Land Reclamation—to be responsible for increasing agricultural
productivity (crop yields).
17The agrarian reform cooperatives were formed to supervise the land that was confiscated from
big landlords and distributed to small farmers in the 1950s and 1960 s, while the land reclamation
cooperatives were formed to support farmers in the reclaimed areas.
18This is supposedly done through providing farmers with agriculture inputs, such as seeds,
fertilizers and pesticides, machines, access to loans as well as market farmers crops.
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is challenging due to their lack of capacity. In 2015, a study conducted in Sharkia,
Qalyubia and Beheira governorates, to analyze the extension staff performance in
supporting farmers by providing them with climate change adaptation related infor-
mation found that about 40% of the extension staff had a low performance, 40%
middle performance and about 20% high performance. These results are referred to
the lack of a clear climate change extension policy and the lack of funds, in addition
to the VEW unclear climate change related responsibilities [70]. Furthermore, the
extension workers suffer from the aging of their staff, poor training, low salaries that
distract them from doing their job in a proper way, and lack of operational funds that
hinder them from carrying out their activities, as well as moving around villages due
to the lack of transportation facilities that limit their ability to communicate with
farmers [24, 71, 72, 73]. These challenges hamper the public extension sector from
playing a significant role in enhancing agricultural production in Egypt [60].

Besides,more andmorewomen are playing a greater role in the farming operations
through their participation in crop cultivation, pest control and harvesting activities
due to men’s migration to the Gulf countries or Cairo and Alexandria in search
for additional income sources [74, 75]. In the Nile Delta governorates, the average
women’s engagement in agriculture of total agricultural engagement is about 30%.
Nevertheless, the public extension service has not taken account for such a change,
because there is a lack of women extension workers on the village level as they do
not exceed 4% of total VEW [60, 73].

Even if all farmers become aware of the climate change impacts and VEW have
the necessary means to communicate with farmers in the Nile Delta governorates—
though farmers do not always follow the advice of the VEW—[76], there are other
hurdles that would affect farmers’ decisions to adapt to climate change.

According to Capmas [77], the highest percentage of the poor was among the
agriculture and fishing workers with 36.3% in 2012/2013. The average poverty rate
in the Nile Delta governorates was 15% in 2012/2013. It was highest in Qalyubia and
Beheira with 21% and 20% respectively and lowest in Gharbia and Alexandria with
11% and 12% respectively in 2012/2013. Farmers with large agricultural landown-
erships, such as in Alexandria and Ismailia with 4.9 and 6.3 feddan, are expected
to be more willing to adapt to climate change, while small hold farmers might be
hampered by the low profitability of their land and their fear of taking risks [20].

In Egypt, statistics of 2012/2013, show that the highest percentage of the poor was
among the illiterate and accounted for about 40%, while the lowest percentage was
among university graduates and post-graduates accounting for about 15% [77]. In the
Nile Delta governorates, the average illiteracy rate was about 20% of the population
older than 10 years in 2017. It was highest in Alexandria with about 30%, and lowest
in Damietta with about 20% (see Table 9 in Annex for Nile Delta governorates’ and
farmers’ assets). Illiteracy coupled with poverty could reduce farmers’ chances for
increasing their knowledge and thus, their ability to prepare for future climate change
impacts [78].

Furthermore, farmers’ dependence on agriculture as the main source of income
and their access to funds would affect their decisions regarding investing in climate
change adaptation measures. The average percentage of employment in agriculture
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of those older than 15 years is about 25% in the Nile Delta governorates (men and
women). Nevertheless, over the past decades, many farmers in Egypt have become
part-time farmers—due to the low returns of the shrinking agricultural landown-
erships—seeking to diversify and/or complement their agriculture-based income
through nonfarm sources. In 2015, the nonfarm sources accounted for about 55% of
farmers’ income, while the agricultural income accounted for 45% [26, 79].

For financing agriculture-related activities, farmers either resort to personal funds
or loans. Farmers’ personal funds originate from personal savings and/or from inher-
itance. To maximize the use of their funds, they participate in informal saving and
lending mechanisms, the rotating savings and credit association (ROSCA) that is
known in Egypt as ‘Gamiaa’19 [80–82]. Farmers also access additional funds through
borrowing from the Agricultural Bank of Egypt.20 The bank is the main source of
agricultural financing for small farmers and provides them with short, medium and
long-term loans using their agricultural landownership as collateral. These loans
cover agricultural activities, by financing inputs and equipment, animal breeding, as
well as the provision of personal loans.

Farmers might be willing to decide to use their limited funds to apply inexpensive
adaptation measures by, e.g. changing their planting dates and resorting to other
heat tolerant crop varieties [76]. However, the adoption of adaptation measures by
individual farmers—seeking tomaximize their private interest—will be inadequate to
counter climate impacts on agriculture. Individual adaptationsmight lead to damages
thatwould affect other farmers or the environment, and in turn agricultural production
on the national level [83]. Furthermore, adaptationmeasures with greater advantages
would require concerted efforts and sizeable funds to be incurred by farmers, the
government and development organizations [76, 84].

4.4 Vulnerability

The interplay between the socio-economic, natural resources, institutional and finan-
cial assets—including access to funding, poverty, landownership, education, expe-
rience and access to information—on the one hand, and exposure and sensitivity to
climate change stimuli impacts on the other determines farmers’ and governorates’
vulnerability.

Thus, the Nile Delta governorates and their farmers are not expected to be equally
vulnerable to climatic changes, due to varied assets’ possession and because vulner-
ability is ‘context-specific’ [85]. In this section, the vulnerability of the Nile Delta
governorates is explored.

Table 6 summarizes the climate change impacts on agriculture and farmers in the

19ROSCA operates as follows: each month members pay in a certain amount of cash, and each
month, on a rotating basis one of the members receives the total amount paid in by all members.
20Before 2016 it was known as the Principal Bank for Development and Agricultural Credit
(PBDAC).
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Nile Delta governorates. It shows that the field crops’ cropping area in four Nile Delta
governorates is to decrease, whereas Kafr El-Sheikh and Damietta are to experience
the largest reduction of 0.34% and 0.19% respectively of their cropping area. The
field crops’ production is to decrease in all governorates; however, the decrease is to
be highest in Alexandria and Ismailia with about 13.2% and 12.2% respectively of
their production. The reduction in production leads to a reduction in the field crops’
net value. Thus, the field crops net value reduction is also to be highest in Alexandria
and Ismailia with about 14.5% and 13.4% of their respective field crops’ net value.
In contrast, the lowest percentage of field crops’ production reduction is to be in Kafr
El-Sheikh and Daqahlia with about 7% each, and 8% and 8.3% respective reductions
of their field crops’ net value.

Climate change is to affect all landowners in theNileDelta governorates.However,
Kafr El-Sheikh and Damietta governorates are to experience the highest reduction
of working days by 0.34% and 0.19% respectively of their total working days.

For the determination of the vulnerability of the Nile Delta governorates and
their farmers, the climate change impacts are reviewed against the governorates’
and farmers’ adaptive capacities (see Table 9 in Annex for a summary of assets in
percent, and Table 17 in Annex for a summary of assests in numbers). The following
paragraphs review governorates and farmers’ assets:

• Rural Population: Beheira, Menufia and Kafr El-Sheikh have the highest percent-
age of the rural population of their total population with about 82%, 79% and
76% respectively, accounting for about 5 million, 3.4 million, and 2.6 million
people in 2017. In contrast, Alexandria and Ismailia have the smallest rural popu-
lation accounting for 1.3 and 55.5% of their total population, of about 70 and 700
thousand people respectively in 2017.

• Engagement of Men and Women in Agriculture: A large percentage of the
employed population—over 15 years—in Beheira, Kafr El-Sheikh and Menu-
fia governorates are dependent on agriculture as a main source of income. About
47%, 40% and 33% of the total employed in these governorates are engaged
in agricultural activities that make up about 960 thousand, 400 thousand and 400
thousand farmers respectively, versus about 4.5% and 6.7% engaged in agriculture
in Ismailia and Alexandria accounting for 106 thousand and 92 thousand farmers
of the total employed in the respective governorate in 2016. Furthermore, Menu-
fia, Beheira and Qalyubia have the highest percentage of women’s employment in
agriculture of their total agricultural engagement with about 51%, 45% and 43%,
amounting 200 thousand, 430 thousand and 100 thousand women respectively.
The lowest percentage of women’s engagement is in Alexandria and Ismailia with
about 14.5% and 28% in 2016 that equal 13 thousand and 29 thousand women
respectively.

• Age of Rural Population: The percentage of those less than 45 years in the Nile
Delta governorates is almost the same in all governorates. However, it is highest
in Alexandria and Ismailia with about 90% and 88% respectively accounting for
about 60 thousand and 62 thousand people, while lowest in Qalyubia, Sharkia and
Beheira with about 87.5%, 87.4%, and 87%, nevertheless, accounting for about 3
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million, 4.7 million and 4.4 million people respectively in 2017. If coupled with
unemployment—e.g. due to climate change—the large number of the young rural
population could lead to tension and unrest. At the same time, the young rural
population would constitute a sufficient labor force in case of resorting to a labor-
intensive climate change adaptation strategy. The average percentage of those over
45 years in the Nile Delta governorates, is highest in Daqahlia and Damietta with
20% and about 19% respectively, accounting for 930 thousand and 170 thousand,
while it is lowest in Alexandria and Ismailia with about 10% and 11%, accounting
for about 7 thousand and 85 thousand. This could be an indication that farmers
in Alexandria and Ismailia rely less on the elderly’s’ agricultural experience and
more on formal sources of information.

• Rural Illiteracy: Rural illiteracy is highest in Alexandria, Beheira and Kafr El-
Sheikh with about 28%, 27% and 23% respectively, amounting about 20 thousand
people in Alexandria, and about 1.3 million people in Beheira and 600 thousand
people in Kafr El-Sheikh. Illiteracy rates are lowest in Damietta, Menufia and
Gharbia with about 18%, equalling about 160 thousand, 620 thousand and 660
thousand people respectively in 2017.

• Poverty: Poverty rates are highest in Qalyubia, Beheira, and Kafr El-Sheikh with
21%, 20%, and18% in2012/2013, equalling about 1.2million, 1.2million, and 600
thousand people respectively, while Damietta, Gharbia and Alexandria have the
lowest poverty rates with 10%, 11% and 12% accounting for about 150 thousand,
550 thousand and 620 thousand people.21

• Type of cultivated Field Crops: In Menufia and Daqahlia, about 80% of the area
is cultivated with traditional crops (cereals, sugar cane, clover and cotton) that
account for about 500 thousand feddan cropping area and 1 million feddan crop-
ping area respectively in 2015. Much of the traditional crops are consumed locally
by farmers, i.e. for their subsistence use [80, 86]. In Alexandria and Ismailia,
the areas cultivated with traditional crops account for about 52% and 54% respec-
tively that equal about 150 and 140 thousand feddan cropping area, while the areas
with nontraditional crops account for 48% and 46% of their cropping area that is
equivalent to about 130 and 90 thousand feddan respectively. The nontraditional
crops—mainly vegetables accounting for 43% and 35% of total cultivated field
crops area—are produced for the local and international markets. The cultivation
of traditional crops—in the Nile Delta governorates—is mostly connected with
small size agricultural land plots.

• Average Agricultural landownership: The average agricultural landownership is
smallest in Gharbia andQalyubia with about 0.9 and 1.2 feddan respectively, while
it is 4.9 and 6.3 feddan in Alexandria and Ismailia. The number of landowners is
highest in Beheira, Daqahlia and Gharbia with 560 thousand, 450 thousand and
430 thousand landowners, and lowest in Alexandria and Ismailia with 36 thousand
and 45 thousand landowners in 2015/2016.

21No recent poverty rates per governorate were available, only those of 2012/13, multiplied by
population by governorate in 2017.
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• Access to credit cooperative VEW: Alexandria and Ismailia have access to the
highest average number of VEW per credit cooperative, about 5 VEW,22 whereas
it is lowest in Qalyubia and Gharbia with 1 VEW per cooperative. Dividing 800
feddan—average area of responsibility per VEW—by average landownership by
governorate, shows that one VEW inAlexandria and Ismailia must deal with about
160 and 130 farmers, while in Gharbia and Qalyubia one VEW deals with about
889 and 667 farmers respectively.

• Access to Formal Funds: The percentage of agricultural land benefitting from loans
from the Agricultural Bank is highest in Sharkia, Kafr El-Sheikh, and Alexandria
with about 25%, 20% and 16%, constituting about 200 thousand feddan, 115 thou-
sand feddan, and 30 thousand feddan, while the lowest percentage is in Ismailia,
Qalyubia andGharbiawith about 4%, 5%and7%respectively accounting for about
12 thousand feddan, 10 thousand feddan and 28 thousand feddan in 2015/16.

ThoughKafr El-Sheikh andDamietta are to experience the highest area andwork-
ing days’ reductions and Alexandria and Ismailia are to experience the largest field
crop’s production and net value reductions. However, the most vulnerable gover-
norate is determined based on the above review of governorates and farmers’ assets.
Thus, the most vulnerable governorate to climate change impacts in the Nile Delta
would be Beheira as it has the lowest adaptive capacity compared to the rest of
the governorates in the Nile Delta. Beheira has the highest percentage of rural pop-
ulation, high illiteracy and poverty rates, in addition to the high total and female
agricultural engagement, which indicates that climate change impacts—reduction of
field crops’ production and net value—on agriculture would have severe impacts on
rural livelihoods.

Furthermore, on the national level, the impact of climate change on Beheira gov-
ernorate is also to be higher compared to Alexandria and Ismailia. The rural popu-
lation in Beheira represents 9.2% of Egypt’s rural population, while in Alexandria
and Ismailia the rural population accounts for 0.12% and 1.32% of Egypt’s rural
population respectively. The percentage of landowners in Beheira accounts for 11%
of total landowners in Egypt owning 12% of the agricultural land in Egypt, while
landowners in Alexandria and Ismailia account only for about 0.8 and 1% of total
landowners in Egypt owning about 2% and 3% of the agricultural land in Egypt.

Moreover, the total loss of field crops production inAlexandria and Ismailiawould
be about 340 thousand and 250 thousand tons, while in Beheira the loss would equal
about 1 million tons. Consequently, the decrease of the field crops net value in
Alexandria and Ismailia would be about LE370 million and LE260 million (US$84
million for Alexandria and Ismailia), while in Beheira the reduction would be about
LE920 million (about US$123 million).23 Therefore, the impact of climate change

22However, large farms would depend more on private extension workers—to access agricultural
information and technologies for the cultivation of high value crops for local and international
markets—that provide the service against a fee (GFAAS; [87] since the public extension workers
do not have the necessary advanced expertize for more specialized production [24].
23Calculation are based on the 7.5 exchange rate of 2015.
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on Beheira is expected to have greater impacts on local food self-sufficiency, on the
national budget, and in turn on GDP as well as on social stability.

5 Conclusions

The conclusion presents a brief comparison between the impact of urban expansion
on agricultural land and that of climate change on agriculture. The separation between
the impacts of the socio-economic challenges and that of climate change stimuli on
agriculture in 2030 is for analytical purposes; however, in reality, change in climatic
conditions and urban expansion on agricultural land, are expected to take place in
conjunction, and even reinforce one another.

The assessment of the impact of urban expansion and that of climate change on
agriculture in the Nile Delta governorates shows that both urbanization and climate
changewould have severe impacts on agriculture by 2030. The impact of urbanization
would be higher on the field crops’ cropping area, as it would reduce the area by
about 2.6% of the total field crops’ cropping area in Egypt based on 2015 data, while
climate change would only reduce the area by 0.04%. In contrast, the impact of urban
expansion on field crops’ production and net value in the Nile Delta governorates
would account only for about 50% of the impact of climate change (see Table 7).
Urbanization would reduce the field crops’ production by 2.33% of total field crops’
production in Egypt, while climate change would reduce it by 4.42%. This would
be reflected in the field crops’ net value, as urbanization is to decrease the net value
by 2.29%, whereas climate change is to reduce it by 4.95% of total field crops’ net
value in Egypt based on 2015 data.

Table 7 Impacts of climate change and urbanization on agriculture in the Nile Delta governorates
by 2030

Stimuli % reduction
of field
crops’
agricultural
land area in
the Nile
Delta of total
Egypt

% reduction
of field
crops’
production
in the Nile
Delta of
total Egypt

%
reduction
of field
crops’ net
value in
the Nile
Delta of
total Egypt

%
increase/reduction
of field crops’
water
requirements in
the Nile Delta of
total Egypt

%
reduction
of field
crops’
working
days in the
Nile Delta
of total
Egypt

Climate
change

0.04 4.42 4.95 1.71 0.03

Urban
expansion on
agricultural
land

2.58 2.33 2.29 2.67 2.49

Source Calculated by the Author
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Climate change would increase the field crops’ water requirements by 2%, while
urbanization would decrease it by about 2.7%. However, climate change impacts are
dependent on the availability of adequate irrigation water. Any reduction in Egypt’s
water supply—due to environmental and physical causes, such as rain reduction on
the Ethiopian highlands and/or the potential water shortage due to the GERD con-
struction, and increased ET of field crops in Egypt—would increase the severity
of annual crop yield deficiencies affecting farmers (landowners and laborers) [26].
This might induce tension among farmers competing over irrigation water and in
turn harm the social stability [9]. All landowners and some laborers (about 0.03%)
are to be affected by climate change, while the impact of urbanization is to be more
severe on laborers as it would reduce the working days by about 2.5% of total field
crops’ working days in Egypt.

Furthermore, agricultural land reduction and increased agricultural land fragmen-
tation would increase the intensity by which farmers cultivate and service their small
land plots that make it prone for other environmental damages. At the same time,
climate change impacts on agriculture, in terms of decrease of field crops’ produc-
tion and net value, might accelerate urbanization on agricultural land, especially in
marginal areas [9].

Finally, the review of farmers’ and Nile Delta governorates’ adaptive capacities
shows that climate change is to significantly affect Alexandria and Ismailia by reduc-
ing their field crops’ production and net value. Nevertheless, the most vulnerable
governorate to climate change due to its poor assets is to be Beheira. Its adapta-
tion process would be hampered by the large number of the rural population to be
affected, small size of landownership, illiteracy and poverty of farmers [20] and
their inadequate access to VEW and funding sources. Additionally, the losses of
Beheira governorate would have a large impact on the national level due to its share
of field crops’ agricultural land area, production in tons, net value and farmers’
(women and men) percentage of total Egypt. The vulnerability of Beheira might fur-
ther be affected by potential food price increases and lack of job opportunities, both
in Egypt and abroad [88].

6 Recommendations

Agriculture in Egypt is a main source of food, income and employment for about
50% of the Egyptian population, thus, it should receive appropriate attention from
the policy makers to preserve it for future generations, either from man-made and/or
environmental challenges.

Urban expansion on agricultural land is a current challenge that requires imme-
diate attention to contain its growth—through law enforcement and the provision of
alternative affordable housing [32]—or it would severely reduce agricultural land in
the Nile Delta and thus could exacerbate the projected impacts of climate change.
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To counter land fragmentation which is a main cause of urban expansion on
agricultural land, the role of the agricultural cooperatives should be enhanced. Agri-
cultural cooperatives should make sure that agricultural land—especially small land
plots—is cultivated as one big plot to allow farmers to benefit from the economies
of scale. This, in turn, would improve farmers’ well-being and reduce the need to
transform agricultural land into urban land [89]. However, the pressure on the land
by the population as well as by developers who seek to make profits in the absence of
law enforcement—due to the inadequate capacity of national and local institutional
structures—increase land prices and make it more profitable for farmers to sell the
land and/or use it for urban purposes [32]. This situation might aggravate with the
parliament’s ratification of the new law resolution that is to allow the reconciliation
with those who have built on agricultural land [90].

As for climate change, there is a need to prepare farmers to deal with climate
change to reduce its potential negative impacts on agriculture through the application
of adaptation measures that would improve farmers’ resilience. To this end, many
government strategies, such as the Sustainable Agricultural Development Strategy
2030 [24], and Egypt’s National Strategy for Adaptation to Climate Change and
DisasterRiskReduction [91] have addressed the need to adapt to the potential impacts
of climate change, in terms of temperature increase and sea level rise.

Strategies have also acknowledged the importance of improving the institutional
structures of research and extension services in Egypt as well as the importance
of allocating sufficient funds to agricultural research and public extension services
[92]. However, there are shortcomings related to funding, implementation and time
frames, lack of responsibility division between ministries and/or organizations for
the implementation of strategies [93], as well as the inadequate attention to farmers
on the local level [9].

Therefore, the capacity building of public extension workers and of farmers is
expected to have great benefits [76], in addition to enhancing the structures of coop-
eratives through the introduction of necessary changes to guarantee a more partic-
ipatory involvement of farmers in the decision-making processes [94, 95] and the
regulation of the involvement of the private extension services to complement gov-
ernmental efforts [96]. However, the provision of support to governorates and farmers
should be based on their exposure, sensitivity and adaptive capacity that determine
their vulnerability, as governorates and farmers are not homogeneous [97].

Annex

See Tables 8, 9, 10, 11, 12, 13, 14, 15, 16 and 17.
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Table 11 Percentage change in field crops yield and water requirements due to climate change in
Egypt

Field crops % of yield reduction
due to 1.5 °C (1)

% of yield reduction
due to temperature
increase (B1 Scenario)
(2)

% of water
requirements increase
due to climate change
(B1 scenario)

Wheat (−11) (−12) −9 2.64

Barley −12 2.64

Rice (−26) (−47) −6.6 3.12

White maize (−40) (−47) −8.4 3.12

Yellow corn −8.4 3.12

Sugar beet −0.96 3

Sugarcane −15.2 −8.4 3.12

Flax −9 2.64

Soya beans −28 −16.8 2.52

Peanuts −0.96 3

Sesame −8.4 3.12

Sunflower −29 −16.8 3.12

Broad beans (−8.4) (−38.35) −16.8 2.88

Lentils −28 −16.8 2.52

Chickpeas −16.8 2.52

Lupine −16.8 2.52

Vegetables −28 −16.8 2.52

Onion and garlic −1.53 −0.96 3

Clover −8.4 3.12

Medicinal crops −8.4 3.12

Cotton 19.8 10.2 2.64

Source (1) ETNC [49] and (2) Smith et al. [7]
Temperature and water requirements’ change for sunflower are assumed to be the same as that for
sesame
Temperature and water requirements’ change for chickpeas and lupine are assumed to be the same
as that for lentils
Temperature andwater requirements’ change for garlic are assumed to be the same as that for onions
Temperature and water requirements’ change for medicinal crops are assumed to be the same as
that for clover
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Abstract Egypt is characterized as arid and semi-arid country with very limited
water resources, population growth, and proving with climate changes such reasons
grow pressures on the environment and natural resources, and consequently affecting
on per capita sharing for water and land, human securities and eventually political
stability. There are interrelationships between food, water and climate that affect in
sustainable development generally and especially for green sustainable. Green sus-
tainable could support the human being, environment, and prevent poverty in terms
of sufficient water and food security.Whenever Climate change is considered as cross
cutting issue with food and water security and consequentially for green sustainable
Development.ApplyingWater-climate-FoodSecurity (WCF)Nexus approach, could
be save time and efforts need to cope with the risk of climate at these crosscutting
areas. It is highly appreciated if there are a coordination between governmental sec-
tors, stakeholders and different beneficiaries. By identifying entry points, processes
and partners for WCF nexus mainstreaming, it could be add value to implementation
of sectorial strategies and to contribute to cross-sectorial policy goals such as the
national vision for sustainable development 2030 and climate change adaptation and
mitigation strategies to meet Sustainable Development Goals (SDGs). The next sec-
tions identify the interrelationships between Climate water food nexus and discuss
the national and international mechanisms that need to conduct this approach effi-
ciently. In addition to drawing attention to some related national strategies in order
to meet the green sustainable development.
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List of abbreviations

FAO Food and agriculture organization
(GSD) Green sustainable development
IPCC Inter-governmental panel of climate change
RCPs Representatives concentration pathways
(SDGs) Sustainable development goals
WFP World food program

1 Introduction

Increasingwater and food demands in Egypt is very fast, which resultingmainly from
many challenges such as population growth and climate change. These challenges
add more stress on gross demotic product (GDP) and national policy. Such stresses
need better management and conservation of our natural resources to fulfill our
requirement.

Egypt is very limited water resources which characterized as arid and semi-arid
country. It depend on the River Nile that comes from outside the country and shared
with other riparian basin countries, with limited amount of precipitation at coastal
area and Sinai, and some confined and non-confined aquifer. All these resources,
doesn’t satisfy the demand especially with increase of population growth rate. What-
ever the agriculture is an important sector for food security and the biggest user of
water. Rather than the other demands for the development requirement which also
is rising fast which should be has a green sustainably sound.

In this context and especially for the rainfall agriculture which faced particu-
lar challenges of unpredicted rainfall due to climate change and low productivities
and because of the generally arid climate, there are a high level of development of
water resources for irrigation and relatively high levels of performances in agricul-
tural water management. In addition to that the Groundwater as well has become a
significant source of agriculture water across Egypt.

Green Sustainable Development (GSD) is that meets the needs of the present
without compromising the ability of future generations to meet their own needs. At
the core of sustainable development is the need to consider “three pillars” together:
society, the economy and the environment. No matter the context, the basic idea
remains the same—people, habitats and economic systems are inter-related.

These may be conducted by applying the new approach of nexus especially
between water, climate and foot security (WCF), which are interrelated with each
other and facing from the same challenges with cross cutting strategies and plan for
green sustainable development.

Achieving for the “GSD” green strategies and plans for WCF nexus need special
institutional inter sectorial mechanism for cooperation and formulating throw the
mainstream national strategy.
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This chapter discus and present some of the WCF nexus interrelation; impact and
strategies, an overview of related sustainable development goals (SDGs), indicators
forEgyptian sustainable development 2030SDGs, some idea for interrelated sectorial
mechanism, and system analysis for this mechanism, the Egyptian efforts at national
and international legislations and committed and finally Egyptian entity working
in those areas, then conclusions and recommendation reflecting the progresses and
steps forward.

2 Sustainable Development Goals (SDGs) Overview

Green Sustainable Development is that meets the needs of the present without com-
promising the ability of future generations to meet their own needs. At the core of
sustainable development is the need to consider “three pillars” together: society, the
economy and the environment. No matter the context, the basic idea remains the
same—people, habitats and economic systems are inter-related as shown in Fig. 1
[1]. http://www.un.org/sustainabledevelopment/news/communications-material.

2.1 Sustainable Development Goals

The Sustainable Development Goals (SDGs) are interlinked through their target
and indicators which are covered three dimension of social, economic and environ-
ment. Those are 17 SDGs include poverty, hungry, health, education, climate change,

Fig. 1 Socio-economic and
environment pillars for
sustainable development.
http://www.un.org/
sustainabledevelopment/
news/communications-
material/

http://www.un.org/sustainabledevelopment/news/communications-material
http://www.un.org/sustainabledevelopment/news/communications-material/
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gender equity, water and sanitation, energy, environment and social justice. It were
developed by United Nation to replaced the Millennium, Development Goals which
end at 2015 as shown in Fig. 2 [2].

Among the SDGs 17 goals; Achieving SDG 13 on climate Action required a
close nexus with other key SDGs on the social agenda, helping local communities
for building resilience against now a day risk posed by climate change. This includes
climate risk for achieving SDGs 1 reducing poverty, SDG 2 for food security, SDG
3 improving health, SDG5 Gender equity, SDG6 for water Access, SDG 10 for
inequality and SDG15 for land and Ecosystems, and finally SDG17 for Partnerships.
Synergic between the WCF nexus could be helping specially for:

• Foster engagement with policy makers across traditional sectorial line
• Provide partner and entity with capacity development and policy tools that reduce
the risk for SDG achievement and move quickly towered the climate resilience
pathways

• Quantify emerging climate risks within SDG social sector lines

The UN discussions and negotiations identified the links between the post-2015
SDG process and the Financing for Development process that concluded in Addis
Ababa in July 2015 and the COP 21Climate Change conference in Paris inDecember
2015 [3, 4].

InMay 2015, a report concluded that only a very ambitious climate deal in Paris in
2015 could enable countries to reach the sustainable development goals and targets
[5]. The report also states that tackling climate change will only be possible if the
SDGs are met. Further, economic development and climate are inextricably linked,
particularly around poverty, gender equality, and energy. The UN encourages the
public sector to take initiative in this effort to minimize negative impacts on the
environment as well [6].

Fig. 2 Sustainable development goals (SDGs) for transforming the world. http://www.un.org/
sustainabledevelopment/news/communications-material/

http://www.un.org/sustainabledevelopment/news/communications-material/
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Achieving the SDGs goals need cooperation between different parties; to
exchange knowledge, expertise, technology and financial support. These patties
should include governmental and non-governmental agencies, privet sectors and
donors as well.

2.2 Implementation

Since 2016, implementation of SDGs started at national levels by moving it to
national implementation plans with mobilize all required resources, monitoring
plane, researches, interlinked stakeholders responsible and tools. The UNFCCC
“United Nation framework convention of climate change” provides all support for
building capacity to formulate national planes in this regards especially for less
development countries (LDC).

2.3 Egypt Vision for Sustainable Development 2030 SDGs

Egypt has taken steps forward to achieving SDGs by 2030 in all relevant sectors with
economic environment, and political dimensions.

The steps that were taken toward SDGs related WCF nexus approach include
socio-economic and environmental dimensions. Some indicator will be achieving by
the year 2030 in that dimensions. Such indicators are decreasing water consump-
tions ratio, increasing of Egyptian Per capita share of fresh water, enlarging of using
Non-conventional Water Resources Ratio with respect to the total water resources,
increasing of Treatment drainage water ratio related to total drainage, decreasing of
Industrial waste water ratio deliver to River Nile without treatment, treat the Domes-
tics water delivered to River Nile, reducing the ratio of water network transmitters
losses. The trend of these indicators shown in Figs. 3, 4, 5, 6, 7, 8 and 9 [7]. http://
sdsegypt2030.com.

3 Water–Climates–Foot Nexus

3.1 Climate Change and Food Security Link

During the last two decades, 200 million have been lifted out of hunger and the
prevalence of chronic malnutrition in children has decreased from 40 to 26%. In
spite of this progress, according to the World Bank, 702 million people still live in
extreme poverty and, according to this year’s report on the State of Food Insecurity

http://sdsegypt2030.com
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Fig. 3 Egypt water
consumptions ratio. Source
http://sdsegypt2030.com

Fig. 4 Egyptian Per capita
share of fresh water. Source
http://sdsegypt2030.com

http://sdsegypt2030.com
http://sdsegypt2030.com
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Fig. 5 Non-conventional
water resources ratio with
respect to the total water
resources.
Source http://sdsegypt2030.
com

Fig. 6 Treatment drainage
water ratio related to total
drainage. Source http://
sdsegypt2030.com

http://sdsegypt2030.com
http://sdsegypt2030.com
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Fig. 7 Industrial waste
water ratio delivers to River
Nile without treatment.
Source http://sdsegypt2030.
com

Fig. 8 Egyptian domestics
treated water delivered to
river Nile. Source http://
sdsegypt2030.com/

http://sdsegypt2030.com
http://sdsegypt2030.com/
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Fig. 9 Egyptian ratio of
water network transmitters’
losses. Source http://
sdsegypt2030.com

in the World [8], 793 million people are undernourished [9]. Among the most sig-
nificant impacts of climate change is the potential increase of food insecurity and
malnutrition. https://m.wfp.org/climate-change/climate-impacts.

3.1.1 Climate Change and Risk of Hunger

Many factors increase the risk of climate change on hunger and mal nutrition. These
factors include:

• Extreme weather event (intensity and frequency); throw adverse impact on
livelihood and food security by climate related disaster to destroy crop and
infrastructure.

• Gradual and long term climate risk; as increase in sea level rise with on sequently
impact on all the live and activity at costal area and river delta with change the
pattern of flooding and drought as well.

• Food availability, access, stability and utilization; change in climate variables (tem-
perature and rainfall) affected on crop productivity and quality which sacrificed
the poor farmer and vulnerable people with increase the prices of main and major
crops. In addition to the impacts on chronic food insecurity and create a vicious
cycle of disease and hunger. All these factor could be create the state of instability
of the strategic plans of food security.

http://sdsegypt2030.com
https://m.wfp.org/climate-change/climate-impacts
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3.1.2 Egypt Food Insecurity and Climate Change Vulnerability Map

UN World Food Programmed (WFP) and the Met Office Hadley Centre produced
The Food Insecurity and Climate Change Vulnerability map. It illustrates index for
how strong adaptation andmitigation efforts will prevent theworst impacts of climate
change on hunger globally and help make people less vulnerable to food insecurity.

This index is calculated based on exposure to climate change related hazard,
sensitivity of agriculture production to these hazards, and the capacity of country
with climate change-related food shocks.

• Index is calculated from a measure of the average length flood and drought events
in each country as the exposure component for the baseline period (1981–2010).
The adaptive capacity component of the index is calculated using socio-economic
indicators relevant to the food security system. Criteria for inclusion, all data
included in the vulnerability to food insecurity index correlates with the Food and
Agriculture Organization (FAO) measure of under nutrition. Three representative
concentration pathways (RCPs) scenario are considered in this map; low emission
with temperature around2 °C. “RCP2.6”, intermediate emissionwith temperatures
between 2.5 and 3 °C above pre-industrial levels “RCP 4.5”, and high emission
with temperature rise in global average of 4 °C or more above pre-industrial levels
by the end of the 21st century. This scenario is also known as RCP 8.5.

The projections of the climate model are used to calculate future projections
of the exposure component of the index. Twelve climate models from the latest
generation of climate models used to inform the most recent Inter-governmental
Panel on Climate Change report (IPCC AR5) were used, and the average value of
the index for each country across the models is shown

There are three level of different adaptation; low; high and none as following
(Fig. 10):

• The ‘high’ adaptation scenario corresponds to a change of approximately 10–15%
in the 2050s compared to the present-day, and a further change of approximately
10–15% in the 2080s compared to the 2050s.

• The ‘low’ adaptation scenario corresponds to a change of approximately 5–10%
in the 2050s compared to the present-day, and a further change of approximately
5–10% in the 2080s compared to the 2050s.

• The no adaptation scenario maintains the sensitivity and adaptive capacity
components of the index at the present-day level.

As illustrates in the Fig. 11, and related to vulnerability map. It should be noted
that by 2050 and 2080 with high emission scenario for climate change and with con-
ducting a High level of adaptation, Egypt vulnerability to food insecurity increase
with 35 and 62% from the present day respectively. However if there are maladap-
tation and with high scenario for emission the Egypt vulnerability to food insecurity
will be increase with 47 and 85% from the present day by 2050 and 2080 respec-
tively. Table 1 shows the percentages of increasing the vulnerability of Egyptian
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2050, high 2080, high 

2050,High 2080,High 

Fig. 10 Africa and middle east vulnerability to food insecurity for 2050 and 2080. SourceWFP &
UK Mett office, https://www.metoffice.gov.uk/food-insecurity-index

Fig. 11 a The average annual temperature across Egypt from 1961 to 2000 and b the average
annual precipitation (NWRP 2005)

https://www.metoffice.gov.uk/food-insecurity-index
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Table 1 Percentages of increasing the vulnerability of Egyptian food insecurity from present day
due to climate change

Scenarios Emission scenarios, RCPs (W/m2)

Time
period

2050 2080

Adaptation
level

Low
(RCP 2,6)

Medium
(RCP 4.5)

High
(RCP 8.5

Low
(RCP 2.6)

Medium
(RCP 4.5

High
(RCP 8.5)

High 18 20 35 6 11 62

Low 24 26 41 17 22 73

None 30 32 47 29 34 85

Source FAO & Mett office

food insecurity from present day due to climate change for different future pro-
jection of emission scenarios and different level or adaptation. https://m.wfp.org/
climate-change/climate-impacts.

3.1.3 Climate–Water–Crop Production

Crop production in Egypt will be affected by three ways by climate change. First,
higher temperatures will change yields and water demand. EEAA report at [10]
displays projected changes in crop yields, all of which are projected to decrease
except cotton. This is mainly the result of higher temperatures because all crops are
irrigated. The IPCC stated that by 2050, rice yields in Egypt could decrease by 11%
and soybean yields by 28% [10].

Change in irrigation is the secondwaywith climate changemay affect crop yields.
Higher temperatures will likely increase demand for water by crops (although higher
atmospheric concentrations of carbon dioxide (CO2) without a change in climate
will reduce water demand by crops). The TNC cited several studies that project a
5–13% increase in irrigation needs by Egyptian crops [10].

If flows into the Nile decrease, it is possible that, in the long-term, deliveries of
water for irrigation could be reduced. Even if the Nile’s flow does not change, higher
population levels could result in a shift of available water supplies from agriculture
to personal and industrial uses.

The third way that climate change could affect agriculture is through SLR.
A rise in sea levels could inundate low-lying and unprotected agricultural lands
along the Mediterranean coast. The low-lying Nile Delta is Egypt’s most productive
agricultural region.

There are other direct and indirect ways that climate change could affect crop
production in Egypt. A change in climate could affect pests and disease. For exam-
ple, a warmer climate may enable some pests and diseases to migrate into Egypt,
but a warmer climate may also make it too warm for some pests and diseases to
survive. Wetter conditions could enhance migration of pests and disease, whereas

https://m.wfp.org/climate-change/climate-impacts
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drier conditions could limit migration of some pests and disease but perhaps make
it possible for others to migrate into agricultural areas in Egypt [10].

Change in global supply and demand for certain crops could also affect production
in Egypt. On average,warmer temperatureswill increase relative yields of grain crops
such as wheat in higher latitudes and will decrease relative yields in lower latitudes.
This should shift the competitive advantage to growing areas at higher latitude [10],
putting Egypt at a competitive disadvantage and decreasing exports and increasing
imports.

3.1.4 Livestock—Climate Impacts

There is limited information on how livestock in Egypt could be affected by climate
change. Higher temperatures can decrease livestock productivity, and extreme hot
and dry conditions can be fatal to livestock. The SNC notes that bluetongue and Rift
Valley fever have recently emerged in Egypt and this emergence may be related to
climate factors. Another risk to livestock from climate change is decreased fodder
production.

3.1.5 Fisheries—Climate Impacts

In general, higher water temperatures will affect fish production. In addition, higher
salinity levels could limit the production of freshwater fish.

3.2 Climate and Water Nexus

Egypt’s climate is hot, dry, deserted and is getting warmer. During the winter season
(December–February), Lower Egypt’s climate is mild with some rain, primarily over
the coastal areas, whileUpper Egypt’s climate is practically rainlesswithwarm sunny
days and cool nights. During the summer season (June–August), the climate is hot
and dry all over Egypt. The temperature in summer ranged between 38 and 43 °C
with extremes 49 °C at the desert and south part but it is cooler at mediterranean with
max. 32 °C as Fig. 1a [11].

Table 2 shows water budget in Egypt. The conventional water resources
in Egypt are the Nile water, rainfall, and deep groundwater. The non-
conventional water resources are the shallow groundwater in the Nile delta,
the re-used agricultural drainage water, and re-used treated waste water. The
Nile water supplies are extremely limited by the 55.5 billion m3 at High
Aswan Dam (HAD), and projected to become even more limited due to the
increased competition on water resources among the Nile basin countries.
Annual water share of Nile water per capita in Egypt has decreased from
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Table 2 Egypt water budget
[12]

Water source Volume in billion
(m3/year)

Conventional Nile 55.5

Groundwater 2.0

Rainfall and flash
flood

1.30

Desalination 0.2

Total 59.0

Non-conventional Shallow GW 6.2

Reuse of drainage
water

16.0

Total 22.2

2500m3/capita/year in the 1950s to about 680m3/capita/year in 2012, and is projected
to drop to about 350 m3/capita/year in 2050 (www.mwri.gov.eg).

Climate change and climate variability, especially regarding to temperature and
precipitation have a great impacts on the water resources. Many studies investigated
the climate historical trends and future climate projections for the Rive Nile basin
using various GCMs and its impacts as shown in the Table 3.

The water demands in Egypt lie into two categories; agricultural water demand
and municipal/industrial water demand. Low irrigation efficiencies and inadequate
irrigation management practices have made the irrigation water demand highly vul-
nerable to climate change. It is expected that the climate change would lead to future
temperature increase associated with the increase in crop-water requirement and thus
decrease in crop use efficiency.

They concluded that for many strategic crops in Egypt, the irrigation water
demands shall increase by 13% by the end of 2100, considering the IPCC emis-
sion and socioeconomic scenarios. They also discussed the crop evapo-transpiration
(ET) and its expected impact on irrigation demands by 12% by the end of 2100. The
[14] report cited several studies that project a 5–13% increase in irrigation require-
ments by Egyptian crops [10]. Table 4 shows the impacts of climate change on
water demands up to the year 2100. Assuming constant water consumption rates,
the holding company for water and wastewater projected water demand to 2050,
rough estimates were used afterwards [11]. The allocation of future municipal and
industrial water shall depend on the agricultural future water allocations.

http://www.mwri.gov.eg
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Table 3 Studies of climate historical trends and future climate projections for the Rive Nile basin
using various GCMs [13]

Author Projection Brief

Elshamy et al. (2000) IPCC projections (2050) 2–4.3 °C increase over Nile
Basin; 3–4 °C increase in
Northern Sudan and Egypt
−22 to +18% change in
precipitation

Conway (2005) Historical trends No precipitation trend over Blue
Nile

Hulme et al. (2001) Historical trends (20th Century) 0.5 °C increase in Africa, 0.6 °C
in Ethiopia

Nyssen et al. (2004) Historical trends No precipitation trend over
highlands in Ethiopia/Eritrea

Sayed and Nour (2002) IPCC projections −2 to +11% change in Blue Nile
precipitation; −1 to +10%
change in White Nile
precipitation; −14 to +32%
inflows to Lake Nasser

SNC-Lavalin (2006) IPCC projections (2050) +7.4% mean increase in
precipitation in Equatorial Lakes;
+23% change in inflows to
Southern Nile

IPCC (2007) IPCC projections Increased rainfall over Nile
Equatorial
Lakes Region, GCMs
inconsistent over Ethiopia and
Sahel

Conway et al. (2004) IPCC projections (2050) +2.2 °C mean increase in
Ethiopia
+1 to 6% mean increase in
precipitation in Ethiopia

Elshamy (2008) IPCC projections (2081–2099) 2–5 °C increase over Nile Basin
+2.4% change in precipitation
+2–14% increase in potential
evapotranspiration
−15% mean change in runoff

4 International, Regional, and National Efforts

4.1 Water Climate Food (WCF) Nexus System Analysis
and Coordination Mechanism

A nexus approach can increase resource efficiency and support decoupling of eco-
nomic development from use of resources and environmental pressure. These can be
done by fostering coordination and cooperation among the relevant sectors and cross
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Table 4 Impacts of climate change on water demands [11]

Year 2010 2025 2050 2075 2100

Population (million) 79 104 146 191 237

Mean air temperature increase (°C) – 1.0 1.7 2.5 3.6

Evapotranspiration and irrigation water requirements
(%)

– 2 4.5 8 12

Municipal water (million m3/year) 9 9.6 12.55 14.75 17.2

Industrial water (million m3/year) 2 2.2 3.4 4 4.9

Source Practice Assessment and Recommendations Report/REC-WEE pros/WPOrt EG [13]

cutting policy. The decision maker and all stakeholders should be engaged and work
closely to fill the gaps and construct the bridge linked between all sides in the Crosse
areas to get the benefit from inter-relationship for the natural resources in terms of
water management, climate change and food security with effective way. Such way
need form the most pressing Nexus problem, that require system analysis, develop
storyline for plausible futures, and co-design polices and investment strategies based
on modeling input to caches SDGs (Figs. 12, 13 and 14).

Development of scenarios and PATHWAYS needs to be interactive between sci-
ence, policy, investors and others to establish priorities and ownership. This joining
venture could be study the current situation, externalities with different scenarios and
proposed pathway strategies. Under the good selection of tools, data, information
and use suitable technologies, one can predicts, simulate, trade off and differenti-
ate between many sustainable alternatives or synergies between those to reduce the
future challenges. See Fig. [7].

stakeholders Engagment
1. Frame the most pressing Nexus problem ,

that require system analysis
2. Develop storyline for plausible futures 

3. Co-design policies and investments 
strategies based on modeling and scenarios 

scientests
Stakeholders WCF 

teams

Fig. 12 Stakeholder engagement
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Fig. 13 Scenarios for system analysis. www.iiasa.ac.at

Fig. 14 Synergies between internal and external pathway and strategies. www.iiasa.ac.at

http://www.iiasa.ac.at
http://www.iiasa.ac.at
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4.2 WCF Nexus Coordination Mechanism

A nexus approach can increase resource efficiency and support decoupling of eco-
nomic development from use of resources and environmental pressure. These can
be done by fostering coordination and cooperation among the relevant sectors and
cross cutting policy.

Mainstreaming of water climate Food Security (WCF) Nexus Approach aims to
identify entry points, processes and partners into Policies that helping in implemen-
tation of sectorial strategies and to contribute to cross-sectorial policy goals such as
the SDGs and climate change adaptation.

One important step in the process of WCF Nexus mainstreaming policies and
institutions is to improve coordination and collaboration across sectorial activi-
ties, initiatives, policies and strategies. This will contribute to merge cross-sectorial
synchronization and minimize trade-offs.

The main player sectors are the bodies related to water resources and irrigation,
agriculture production, environment and ecosystem and energy resources; rather
than which is governmental or non-governmental. Some related organization may
supporting the process and roles of emphasis the cross sectorial coordination. There
are, three types of instruments to support policy integration [15]: (a) Communicative
instruments; (b) Organizational instruments and (c) Procedural instruments.

4.2.1 Communicative Instruments

Set longer-term objectives to guide strategy development in the sectors concerned.
They could involve, for example:

• including WCF-nexus-related provisions in overall (sustainable-development)
strategies, or adopting a specific WCF-nexus strategy/action plan;

• Obligations for sectorial departments to report on performance with regard to
specific nexus indicators, etc.

4.2.2 Organizational Instruments

Encompass institutional coordination mechanisms at high political levels or at the
administrative level. They could involve, for example:

• Amalgamation of departments responsible for water, and food security;
• Setting-up of interdepartmental coordination committees or institutionalizing
WCF-nexus working groups at various political or administrative levels, etc.
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4.2.3 Procedural Instruments

Procedural instruments could involve on

• Bureaucratic rules, such as the obligation to inform and consult other sectors on
policy developments;

• Instruments that aim to influence the direction of decision-making, e.g. by making
a nexus perspective a prerequisite for funding of sectorial programs;

• Obligations to carry out assessments of the impact of WCF nexus within project
or program planning (similar to Strategic Environmental Assessments);

• Requirements to include a WCF-nexus perspective in the assessment of new
policies and strategies, etc.

The importance of policy learning and awareness for successful cross-sectorial
integration also implies that, besides conductive administrative set-ups for WCF
nexus coordination, increasing knowledge and public awareness can be powerful
instruments in support of policy change towards a more integrated WCF-nexus per-
spective. Consequently, coordination of sectorial strategies can also be supported
by expert advisory bodies or targeted research programs that provide expertise and
recommendations on how synergies from WCF nexus can best be exploited and
trade-offs be minimized. Moreover, public opinion, non-governmental organizations
or civil society organizations often play an important role in promoting sustainable
development. Raising their awareness of the issue and providing opportunities for
their engagement in strategy development processes can thus strengthen integration
of the WCF-nexus approach to sectorial strategies [16].

In the end, the questionwill bewhether expert recommendations are converted into
political decisions, whether sectorial administrative bodies are encouraged to coor-
dinate across sectors, and whether WCF nexus requirements will be enforced. These
questions boil down to the crucial role of high level political will in mainstreaming
a WCF-nexus approach [15]. www.accwam.org, www.giz.de.

4.3 Institutional and Legal Status for WFC Nexus

International climate policy, grounded in the United Nations Framework Convention
on Climate Change (UNFCCC), recognizes this discrepancy. Within the UNFCCC
process, the international community now faces the challenge of negotiating a post-
2020 agreement. The parties to the Convention have set the goal of limiting global
warming to 2 °C relative to the pre-industrial level by using some instruments of
adaptation and mitigation strategies of climate change These strategies sometime
depend on financial support from industrialized nations in terms of some mechanism
such Green climate fund (GCF).

In this context, there are National and international climate change legislative at
Egypt supporting water Climate food nexus that can be summarized in the following
sections.

http://www.accwam.org
http://www.giz.de
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4.3.1 International Level

• Egypt signed theUFCCCon 10November 1994. Egypt signed theKyoto Protocol,
on 15 March 1999.

• Egypt prepared and submitted three communications under the UFCCC, which
triggered various useful studies and strategies relating to climate change; first in
1999, second in 2010 and third is in 2013.

• In 2008, Egypt partnered with the Millennium Development Goals Achievement
Fund (MDG-F) to establish and implement a Climate Change Risk Management
Program.

• In Dec 2015, Egypt participated in Paris international conference for climate
change with highest level officials.

• In April 2016, Egypt signed the Paris convention for combating climate change.
• InMay 2017, the Egyptian Parliament approved the Egyptian involvement in Paris
convention for combating climate change.

• In Dec 2018, Egypt participated in Paris international conference for climate
change with highest level officials.

4.3.2 National Level

• Egypt formed an inter-ministerial National Climate Change Committee in October
1997 and restructured it in 2007.

• On 14 March 2005, the Minister of Environmental Affairs established the Desig-
nated National Authority of Clean Development Mechanism by Decree no. 42 for
the year 2005. Egypt is deemed to be ‘among the leading countries in Arab States
region in terms of the number of registered Clean Development Mechanism CDM
projects’ [17].

• In 2010, Egypt published a National Environmental, Economic and Development
Study (NEEDS) for Climate Change to outline the financial and institutional needs
for adaptation measures.

• In 2013, the Ministry of Environmental Affairs placed a strategy for renewable
energy adoption in Egypt to 2035.

• In 2014, the Ministry of Environmental Affairs signed an agreement in January
2014 with Italian Minister of Environment to transform El-Gouna City into the
first carbon-neutral city in Africa.

• In 2016, Egypt launched 2030 national strategy towards sustainable development,
with the fourth strategic goal of combating the effects of climate change (http://
sdsegypt2030.com).

• In 2017, the Agriculture research center of the Ministry of agriculture and land
reclamation prepared the Egyptian agricultural strategy 2030 including a complete
chapter on climate change and related adaptation measures.

http://sdsegypt2030.com
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• In Sept 2017, the Ministry of Water Resources and Irrigation obtained official
approval of the national water resources plan 2017–2037 including climate change
adaptation (www.mwri.gov.eg).

• In 2017, theMinistry of Environmental affairs is currently finalizing project report
for climate change adaptation to be submitted to national committee for green
climate.

• In 2017, the Ministry of Environmental affairs has formulated stronger strategies
for mitigating the effects of climate change and included in a new law, which has
been submitted to the parliament for discussion.

4.4 Existing Climate Change Institutional Setup

This section gives an overview of the Existing climate change institutional setup [18,
19, 11].

• In 1992, a Climate Change Unit (CCU) was established within The Egyptian
Environmental Affairs Agency (EEAA). An inter-ministerial National Committee
of Climate Change (NCCC) was established in 1997 and reformed at 2007 by
decree of prime-minister and headed by the Minister of State for Environmental
Affairs. The major responsibility for NCCC is: Development of a national policy
for mitigating effects of climate change, Organizing the participation of Egypt in
the United Nations Framework Convention on Climate Change (UNFCCC), and
Reviewing developed national climate change plans.

• TheCoastalResearch Institute (CORI) since1972,TheNileForecastCenter (NFC)
since mid-1990s as well as the Environmental and Climate Research Institute
(ECRI) of the National Water Research Center (NWRC) since 1997, have been
established by The Ministry of Water Resources and Irrigation (MWRI). There
are studying the impacts of climate change on water resources project, hydrology
especially for Nile basin and Egyptian coasts as well with relevant strategies for
adaptations.

• Climate and Environment Risk Assessment Laboratory (CERAL) that was estab-
lish under ECRI is deal with general and regional climate model and impact of
climate change atwater resources for national and regional dimension (Africa,Nile
Basin, and Arab Region …). In addition to establishing the real time monitoring
network for climate data.

• The ministry of Agriculture and land reclamation (MALR) also established the
Central Laboratory for Agricultural Climate (CLAC) since mid-1990s. The CLAC
aimed at estimating and managing crop water requirement and effect of weather
on them.

• TheNational Authority of Remote Sensing and Space Science (NARSSS) had also
created a climate change sector in the water resources department (WRD). The
WRD has a specific plan targeting the global climate change effects on national
water resources.

http://www.mwri.gov.eg
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4.5 Implementation Plans for Water Climate Food Nexus

4.5.1 Indicators for Monitoring and Evaluations

Climate protection and adaptation to the impacts of climate change in water and agri-
cultural sectors are among the biggest challenges for sustainable development. Indus-
trialized countries have therefore committed themselves to provide USD 100 billion
per year for mitigation and adaptation measures in developing countries, starting in
2020. With increasing volumes of adaptation finance, and growing numbers of adap-
tation activities and strategies at the national level, the need for robust monitoring
and evaluation (M&E) approaches is growing alike. Indeed, it is important not just
to secure sufficient financial resources but to ensure that investment in adaptation to
climate change at these sectors actually contributes to climate resilient sustainable
development.

Therefore Conducting the WCF nexus approach need to monitor and evaluate
some interlinked Indicators based related nexus sectors and their plans. Table 5
illustrates some indicators to be monitor and evaluate for Climate impact, climate
parameters, adaptive action and their results in Water resources and agricultural
sectors regarding to the possible climate impacts to meet the target result.

These items are considered the highest important socio-economic and envi-
ronmental indicators which are direct related to Agriculture, climate and water
projects.

5 Conclusion and Recommendation

5.1 Conclusions

Green sustainable development (GSD) is one of themost valuable goal that everybody
looking forward. It is clear that the Nexus approach is very important issue toward
meeting this goal. Meanwhile Water–Climate–food nexus approach is supporting
GSD. This will happen by applying sectorial interrelationships for these areas. what-
ever, it is essential need to defined the measures, instruments, tools, communicate,
coordinate and implementing plan between those sectors and put it throw the national
mainstreampolicy for sustainable development. In this context, Egypt has takenmany
steps as presented in this chapter at international and National levels for achieving
these goals but there are still some challenges. Lack of public awareness and com-
munication between private, governmental, and non-governmental sectors are major
challenges. Meanwhile increasing knowledge and public awareness could be power-
ful instruments in supporting policy change towards a more integrated WCF-nexus
perspective.
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Table 5 Monitoring indicators for CWF nexus

Water resources sector Agriculture sector

Climate parameter 1. Change in annual temperature

2. Number of hot days

3. Monthly precipitation

4. Change in annual precipitation

5. Change in wind speed and direction

7. Change in relative humidity

8 Extremes precipitation events

Climate impact 1. Number of household affected by drought

2. Percentage of total livestock killed by

drought

3. Number of surface water areas subjected

to declining water quality due to extreme

temperatures

4. Loss of GDP in percentage per year due to

extreme rainfall

5. Number of people permanently displaced

from home as a result of flood, drought or

sea—level sea

1. Number of hectares of productive land lost

to soil erosion

2. Percentage of area of ecosystem that has

been disturbed or damage

3. Area covered by vegetation affected by

plague of fires

4. Shift of agrophenological phases of

cultivated plane

5. Decreased annual average fish catch as

resulted of temperature change

6. Decline in fish habitats due to temperature

change

Adaptation action 1. Number of public awareness campaign on water efficiently

2. Number of communication tools that incorporate climate change adaptations

3. Number of vulnerable stakeholder using climate responsive tools to response to climate

variability and climate change

4. Degree of adaptation of climate change into development planning

5. Percentage of treated wastewater

6. Early warning system

7. Number of metrological stations per territorial unite

8. Climate change vulnerability maps

9. Number of financial mechanisms identified to support climate change adaptation

10. Existing of inter-ministerial/inter-sectorial commissions working on adaption

1. Uptake of soil conservation measures

2. Percentage of Agricultural land with

improved irrigation

Adaptation results 1. Number of governmental staff that have

received training on adaptation

2. Number of inventories of climate change

impacts on biodiversity

3. Number of farmers involved in pilot

irrigation message projects

4. Percentage of poor people in

drought—prone areas with access to safe and

reliable water

5. Number of cubic meters of water

conserved

6. Percentage of water demand being met by

existing supply

1. Increase in agriculture productivity

through irrigation of harvested land

2. Increase in the percentage of climate

resilient crops being used

3. Percentage of farmer and fisher folk with

access to financial services

4. Number of people supported to cope with

the effects of climate change through the

availability of service facility

5. Number of women organized in

agriculture cooperatives
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In addition to how to quantified the impacts and vulnerable sectors and conse-
quently communicate and preparing a good portfolio for climate change mitigation
and adaptation projects to be submitted to international agency is another problem.

In the end, the questionwill bewhether expert recommendations are converted into
political decisions, whether sectorial administrative bodies are encouraged to coor-
dinate across sectors, and whether WCF nexus requirements will be enforced. These
questions boil down to the crucial role of high level political will in mainstreaming
a WCF-nexus approach.

5.2 Recommendations

Lunched an integrated initiative for water and food security (WFSI), could be helped
in conduct collaborative strategies on sustainable agricultural water management
that helping the countries in identifying and mainstreaming policy, governance and
practices toward improve agricultural productivity and food security with saving
water and applying with sustainable manner.

WFSI, can Promote the implementation of cost-effective water investment and
management practices to fulfill the food security requirement under the future
projections climate change conditions.

Building capacity for integrating between the different new techniques and
approaches for climate science such using numerical forecasting model and regional
climate model. Such model could reduce the uncertainties for future predations
whereby we can draw accurate adaptive strategies in the field of water management
and food security using optimums coast recovery with high efficiency.
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Climate Impact on Egyptian Agriculture:
An Efficiency Analysis Approach

Fadi Abdelradi and Dalia Yassin

Abstract The Intergovernmental Panel on Climate Change (IPCC) 2018 special
report on the implications of 1.5° warming (SR 1.5) concludes that the expected
impacts of the 2° increase are more critical than expected leading to imminent crit-
ical tipping points. Additionally, the report indicates that there is a window of only
12 years to take actions to achieve the 1.5° target. While Africa is contributing the
least to global warming by 4% of global greenhouse-gas emissions, it is one of the
vulnerable regions to Climate Change (CC) effects. The objective of this study is
to assess different climatic variables on the technical efficiency of the cereal crops
production in the largest five producing governorates in Egypt. This objective will
be achieved through using panel frontier model to assess the impact of average
maximum temperature, humidity and solar radiation on the wheat, rice and maize
producing governorates. Results of the analysis show that the averagemaximum tem-
perature and humidity contribute to worsening the technical efficiency of the cereals
producers.

Keywords Climate change · Frontier · Efficiency analysis · Egypt · Panel data

1 Introduction

Both agriculture and CC affect each other. CC affects agriculture in different ways
through changing the intensity, the frequency, and occurrence of events (rainfall,
heat waves, changes in pests and diseases, changes in carbon dioxide, droughts) that
are not common in the location’s history. For example, the increased temperature
has contributed to changes to growing seasons affecting the flowering and harvest-
ing of crops. Agriculture produces Greenhouse Gases emissions (GHGs) due to the
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practices of conventional food production systems [1]. Additionally, according to the
World Bank report [2]. CC and poverty reduction aremajor issues to the international
society; furthermore, the challenges of food and nutrition security in developing
countries are increasing [3]. As a result, the need for innovative and resilient agri-
cultural production practices to cope with these factors is essential. Climate Smart
Agriculture (CSA) is an approach that deals with restructuring agricultural systems
to cope with CC through three main objectives, which are sustainability increas-
ing productivity and incomes, mitigating GHG emissions, adaptation and building
resilience.

Egypt faces many food and nutrition security challenges despite the rich agricul-
tural resources, for example, the high levels of food losses experienced in all value
chainwith an average of 35%based on theFAOSTAT foodbalance sheet [4]. These, in
part, due to the low capability for efficient use of these resources, inefficient policies,
poor labor skills, poor market dynamics, inefficient market information systems,
increasing intensity of climate change, poverty, dependence on rainfall for irriga-
tion, poor infrastructure [5, 6]. Historically, Egyptian agro-ecological systems rec-
ognized the importance of treeswithin and outside the farm for climate and livelihood
improvement and as such endeavored to preserve a specific type of species through
cultivation to harvest. However, present stagnation and/or reduction in the number
of trees on and around farmland [7], as well as water scarcity in Egypt [8], contribute
to low agricultural production and increasing environmental degradation which is
detrimental to agrarian livelihoods (food, feed, energy, and material demand). Fur-
thermore, faced with growing local demand and competition for resources, Egypt’s
food production needs to analyze in a wider context, affecting 50% of the population
lives in rural areas, through finding synergies among agriculture, energy, water and
ecosystem.

According to the [3] the highest GHG emissions contributor is Eastern and South-
EasternAsiawith 1.2 billion tons of CarbonDioxide Equivalent (CO2e), LatinAmer-
ica and the Caribbean 0.909 billion tons of CO2e, Sub-Saharan Africa 0.768 billion
tons of CO2e, and the lowest Northern Africa andWestern Asia 0.156 million CO2e.
The highest contributors in Sub-Saharan Africa are Ethiopia (96 million tons of
CO2e) Sudan (72.5 million tons of CO2e), Nigeria (64.2 million tons of CO2e),
South Sudan (43 million tons of CO2e) and Kenya (37.1 million tons of CO2e). The
main sources of Sub-Saharan Africa’s CO2e are burning Savana (lowest in Kenya),
enteric fermentation, manure left on pastors and rice cultivation (highest in Nigeria).
The highest contributors in Northern Africa and Western Asia countries are Turkey
with around 43 million tons of CO2e and Egypt with 31 million tons of CO2e. The
sources of Egypt’s CO2e are enteric fermentation with 10.1 million tons of CO2e,
production of synthetic fertilizers with 8.4 million tons of CO2e, manures left on
pastors 6.6 million tons of CO2e and rice cultivation contributing with 3.7 million
tons of CO2e.

Egypt is considered one of the countries that are vulnerable toCC impact because it
is located in a region that falls between semi-arid and arid conditions, where 94.5% of
Egypt total area is desert. The5.5%of the area is populatedwith 95million inhabitants
that are located along the River Nile and the coastal area. In Egypt, current annual
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average temperatures increase from about 20 °C on the Mediterranean coastline to
24 °C. Normalmaximumdaytime temperature range from 30 °C inAlexandria on the
Mediterranean coastline to 41 °C at Aswan near the borders with Sudan. However,
there is a general warming trend since 1960 with warmer summers. Additionally,
during the period 1960–2003, a general increase in the number of warning nights
and a decrease in the frequency of cold nights. The projected increase towards 2030
there will be an increase by 1.0°–1.27 °C using the forecast models RCP4.5 and
RCP8.5 median ensemble, while the projected 2050 increase range from 1.64 to
2.33 °C using the forecast models RCP4.5 and RCP8.5 median ensemble [9].

The objective of this study is to assess the impact of climatic variables on the
technical efficiency of the cereal crops production for the most significant five pro-
ducing governorates in Egypt for the period of 2000–2009. This objective will be
achieved through using panel frontier model to assess the impact of average max-
imum temperature, humidity and solar radiation on the technical efficiency of the
highest cereals producing governorates (Behera, Gharbia, Kafr-Elsheikh, Dakahlia,
and Sharkia). The contribution of this work is twofold: first, it focuses on the Egyp-
tian agricultural, in contrast to the predominant literature, developing countries have
not received much attention. Second, we compare efficiency scores among different
governorates to propose suitable policies that match their needs.

2 The State of Climate Change in Egypt

Agricultural production is hugely reliant on climate and profoundly impacted by cli-
mate variability. For this reason, the FAOGlobal EarlyWarningSystemFAO-GIEWS
is dedicated to monitor food demand and supply globally together with providing
indicators measuring climate-induced impacts through the Earth Observation for
Crop Monitoring [10]. An example of these indicators are the annual Agricultural
Stress Index (ASI) that represent the arable land percentage that was affected by
drought conditions over an entire cropping season was explicitly designed to meet
the need for information like the drought that will be provided only timely basis
about affected agricultural zones. Drought Intensity (DI) represents the higher the
drought severity. The lower the vegetation health over the entire cropping season.
The Vegetation Health Index (VHI) is a composite index that combines both the
Vegetation Condition Index (VCI) and the Temperature Condition Index (TCI). The
TCI relates the current temperature to the long-term maximum and minimum, based
on the assumption that higher temperatures cause negative impacts on the vegetation
conditions. The VHI relates the vegetation conditions with temperatures, for exam-
ple, a decrease in VHI means poorer vegetation condition and higher temperatures
signifying stressed vegetation conditions, and an indication of drought over a more
extended period.
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Graphical representations (Figs. 1 and 2) of ASI and VHI indicators developed
by FAO based on two growing seasons per year for analyzed Egyptian governorates
during the period 1984–2017. Egypt can be categorized into three areas that each has
its unique climatic characteristics. Upper Egypt that and contains five governorates,
Middle Egypt includes four governorates, Lower Egypt that represent thirteen gover-
norates, and five governorates are located outside the Nile valley that has a different
type of soils compared inside the Nile valley. We have selected five governorates
that are located in Lower Egypt, those governorates were selected based on the level
of production for strategic agricultural crops as staple food and export cash crops.
The graphical analysis shows that the mean VHI exhibits a positive trend over time
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Fig. 1 Graphical representation for the mean VHI indicator for seasons 1, 2
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Fig. 2 Graphical representation for the ASI indicator for seasons 1, 2

for the analyzed governorates and the ASI indicator exhibits high fluctuations for
season 2 compared with season 1 considering the higher the index value the more
likelihood of facing drought. The increase in the ASI was more intense for Behera,
Gharbia, Sharkia, which represent the old lands and New Valley that represent the
new lands.
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3 Initiatives and Policies

The actual movement towards dealing with CC issues began in 1972 in Stockholm
and advocate government, and then the first international forum on CC that was
held in 1988. Since CC is considered as an international phenomenon and an issue
that has cross-border impacts. The international community formed workgroups to
investigate the type and magnitude these impact, these workgroups took its final
legal shape that is called the Intergovernmental Panel on CC (IPCC). The IPCC was
established by World Meteorological Organization (WMO) in 1988 that has pub-
lished the first report on CC in 1990. Based on this report the UNFCCC agreement,
which Egypt was one of the members was signed in 1992 committing industrial
countries to keep the levels of CO2 emissions to allow the ecosystems to recover
without human intervention. In 1997, a conference in Japan was held on CC to sign
the Kyoto protocol that commits industrial countries to reduce their CO2 emissions
by 5.2% of the 1990 levels. The IPCC has released a special report on 2018 on the
impact of global warming of 1.5 °C and GHG emission pathways. Additionally, the
report has shown that most climate models showed robust results of regional cli-
mate characteristics differences [6]. A number of initiatives taken to deal with CC
through adaptation in Sub-Saharan Africa for the period 2000–2015 [11]. The report
concludes that there are three pillars to reach sustainable adaptation benefits: first,
adopt collaborative management practices involve affected parties in the center of
the innovation process together with involvement in the decision-making over the
adaptation process. Second, develop sustainable programs that identify and deal with
barriers that can be replicated for adaptation interventions. Third, capacity building
for evidence-based policy analysis and evaluation.

In Africa, a 4 years program developed by the UK Strategy for the Global
Challenges Research Fund GCRF-AFRICAP that promotes for a more productive,
resilient toCC and sustainable agriculture production in Sub-SaharanAfrica (Malawi
South Africa, Tanzania, Zambia) through a top-down approach from national gov-
ernments and bottom-up approach with local organizations in the selected countries.
The objective of the GCRF-AFRICAP program is to support climate-smart solutions
and sustainable development for agriculture that seeks reduced poverty and improves
livelihood considering the Sustainable Development Goals and the Malabo Decla-
ration in Africa. These initiative and policies impact will be evaluated in different
locations for an increased application that requires a capacity building that depends
on evidence-based policy development. In this line, GCRF-AFRICAP is carrying out
the necessary research in selected countries that cover a wide range of areas of crop
and animal sciences to soil, ecosystems and social and political sciences. The GCRF-
AFRICAP program assesses existing farmers’ practices and their impact on yields,
incomes and compare it with predicted CC induced events. The GCRF-AFRICAP
program aim is to put the results obtained from research into empirical work. This
empirical output will be translated into policy into action.
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The Regional Center for Renewable Energy and Energy Efficiency (RCREEE) is
an organization that coordinate efforts among governments that advocate for improv-
ing energy efficiency practices and use of renewables in the Arab region through
collaboration among policymakers, industry and research for key areas like poli-
cies, regulation, technical assistance. The RCREEE is a non-profit and is located in
Egypt. Additionally, a set of projects is launched in Egypt to tackle CC is running,
for example, “Enhancing Climate Change Adaptation in the North Coast of Egypt”
(ECCANCE) project managed by the Ministry of Water Resources and Irrigation
with a budget of US$31.4 million over seven years. The project works on helping
the highly populated areas in the Nile Delta that represent 25% of the Egyptian pop-
ulation, which have been considered as extremely at risk to CC prompted sea-level
rise [12].

Egypt has developed the National Strategy for Adaptation to CC and Disaster
Risk Reduction in 2011. The strategy is a framework of adaptation policy, which
aims at increasing the flexibility of the Egyptian society in relation to dealing with
CC-induced risks and its impact on different activities and sectors and reinforcing
the capacity to adapt and reduce the risks caused by such changes [13]. An Egyp-
tian Climate Change Risk Management program is developed to incorporating GHG
emissions mitigation into the national policy and investment frameworks, includ-
ing Clean Development Mechanism financing opportunities, Enhancing the national
capacity to CC adaptation through synergies among water, energy and food sectors,
and finally advocacy and awareness-raising [14]. Furthermore, work on reducing
CO2 emissions, the Egyptian government is advocating a higher energy efficiency in
the industrial sectors and improved practices in the agricultural sector. For example,
the use of drought-resistant crops and improved irrigation systems for water saving,
and encouraging citizens to adopt alternative technologies of energy consumption
like using generating electricity from solar panels, increasing awareness of using
water resources [15]. In relation to the adoption of post-2015 Sustainable Develop-
ment Goals (SDGs), Egypt has established the “Sustainable Development Strategy;
Egypt’s Vision 2030” that represent a roadmap for the country to achieve its desired
SDGs during the next 15 years. This strategy is having three dimensions focusing on
economic, environmental and social sides. The three dimensions consist of a set of
pillars that target for improvement, for example in the case of economic dimension
it focuses on the improvement of Egypt’s economic development, energy efficiency,
and knowledge and innovation. While the environmental dimension is focused on
improving ecosystems and improving environmental efficiency and optimal use of
available resources,moreover, an action plan to be implemented to promote resilience
in different sectors [15].

At the industry level, Agribusiness corporates are taking actions towards CC
induced events adaptation and mitigation through their Corporate Social Responsi-
bility (CSR) programs is SEKEM that is focused on organic agricultural production.
SEKEM applies biodynamic agricultural methods, a specialized method of organic
agriculture which has lower GHG emissions compared to conventional practices.
With regard to adaptation, biodynamic agriculture has a high impact on strength-
ening CC adaptation through plant diversification, increased water efficiency, using
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resilient crop varieties towards drought and heat. SEKEM relies on Key Performance
Indicators to evaluate their actions in adaptation and mitigation towards CC through
using Sustainability Balanced Scorecard (SBSC) system which follows up on the
practices carried out to face the challenges identified and to keep track of sustainable
development. Furthermore, Sustainability Flower (SF) technique is adopted, SF is a
tool for information and communication management, that represent the concept of
sustainable development in its four dimensions, which are ecological, social, cultural,
and economic components. Each component contains many performance indicators
with specific targets that meet the Global Reporting Initiative standard.

4 Literature Review

CC impacts in Africa has become a reality [16]. The warming of Africa is very likely
to be severe than in other regions [17, 18]. Studies assessing CC impacts found
that Africa is the most vulnerable in the world due to poor adaptation practices and
high vulnerability [19–21]. The low adaptive capacity at the financial, technical and
institutional level caused that African countries are themost affected [22–25]. Taking
into account that agriculture is themost significant economic sector inAfricawith the
largest employment share of 60% [26] besides land degradation and desertification
[27]. The more prolonged and severe droughts in Eastern Africa; increased floods
in Western Africa; deforestation in equatorial Africa; and increased acidity across
Africa’s southern coast togetherwith climate extreme eventswill have severe impacts
on food security, health, water and energy security, which at the end will weaken
African’s potential to grow and develop [16]. Furthermore, the population in Africa
exhibits a growth trend which puts more pressure of natural resources, the increase
was estimated for the 1980s to be 478 million and has experienced an increase to
nearly 1.2 billion and is expected to increase to 1.5 billion by 2025 and rise to
2.4 billion by 2050 [28]. Besada and Sewankambo [16] investigated CC impacts
in Ethiopia, Kenya, and Somalia and they have shown that these countries were
influenced by persistent droughts and losses of livestockwhere themajority of people
are dependent on livestock for their livelihood. For instance, Collomb [29] predicted
that by 2050, food production needs to be increased by quintuple in Africa, double
in Asia, and almost double in Latin America.

In the northern part of theMediterranean, a decrease in rainfall during the summer
that is partially recovered during the winter by precipitation increase. In the central
Mediterranean, periods of droughts are increased for onemonth, beginning one week
earlier and finishing 3 weeks after. These changes have impacts on all economic
activities such as agriculture, energy, tourism and environmentally through affecting
the natural ecosystems. The results of the analysis show that in the case of agriculture,
cultivated autumn and winter seasons are not affected or an increase in production.
While in the case of summer crops a significant fall of yield was indicated [30].

Evidence of CC impact is found in other areas of the world. For example, in
India, Aggarwal [31] has shown a potential decrease from 3 to 7% decrease in the
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productivity of field crops like wheat, soybean, groundnut, and potato because of
1 °C increase in the temperature. Kumar and Parikh [32] indicated that CC would
affect significantly rice and wheat production and wheat by 2060, which are a staple
food necessary for the livelihood and food security of the Indian population. Geetha-
lakshmi et al. [33] have provided evidence of a 41% decline in the production of
production due to the increase in the temperature by 4 °C in Tamil Nadu.

Berg et al. [34] used agro-DGVM model (Dynamical Global Vegetation Model)
driven by projections from several climate models and two (Special Report on Emis-
sions) SRES scenarios to assess CC influences on possible C4 crop productivity
in Africa and India for the period 1960–2100. The authors distinguish the impact
of rising CO2 emissions. They adopted transient simulations by the climate model
outputs: to ensure the analysis consistency regardless of regional biases, investigate
yield change using bioclimatic basis rather than geographical basis. The results of the
analysis show a decreased average productivity of millet crop, which is considered
an important staple crops in those regions, by −6% (projections range from −29
to +11%). The overall effect is yield decrease over the Equatorial and Temperate
Köppen zones; significant inconsistencies change of yields that arise in Arid Köp-
pen zones because of uncertainty in precipitation projections compared with climate
models. Finally, the authors have concluded that climatic impacts put more pressure
to achieve food security in developing countries in the Tropics, and these impacts
can be alleviated through adopting adaptation practices and best farming practices.
Deryng et al. [35] used a global crop model, PEGASUS 1.0 (Predicting Ecosystem
Goods And Services Using Scenarios) that incorporates the different indicators of
planting dates, cultivar choices, type of irrigation and fertilization of the crop yield
for maize, soybean, and spring wheat, in addition to climate indicators. The results
of the model are consistent with global data. Additionally, the used planting and
harvesting dates are found to be within crop calendar observations of almost 75% of
the total crop-harvested areas. The authors found that variations in the temperature
and rainfall lead to yield reduction, which as predicted by global climate models
for the 2050s considering planting and harvesting dates remain unchanged. While
adopting adaptation strategies for planting dates and choosing suitable cultivars can
help increase yield in temperate regions and evades 7–18% of global losses.

CC influences different aspects of the economy from infrastructure, health,
ecosystem, food and water security, to displacement. Logistical infrastructure like
roads and bridges and services infrastructures like power and water stations are
impacted due to flood, landslides and heavy rainfalls. The previous literature has
shown evidence on the consequences of extreme climate change-induced events that
influence road networks in Africa in for food security purposes [36]. In different
African countries like those that Ethiopia, Uganda, Ghana, and Tanzania have gone
through drought events which affected their dams and caused a reduction in the
hydropower generation [37]. For the case of human health, CC increases the occur-
rence and gravity of disease outbreaks. The literature has shown that hard climate
conditions like increased temperature and high rainfall levels are enabling causes for
malaria epidemics in Kenya, Uganda, Ethiopia, Tanzania [38].
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CC impact ecosystems and as a result cause more reduced ecosystem services
like lower production of oxygen, lower biodiversity, loss of soil and trees. There
is a growing empirical work on the impact of CC on forests ecosystems in Africa.
As well as the livelihoods of the forest-dependent communities’ activities that rely
on vegetation services [39]. On the other hand, food security is impacted by CC in
the form of reduced food production due to changes in rainfall and temperatures,
which has led to increased demand for groundwater and decreased groundwater
recharge. For example, Funk et al. [40] have shown that for the period 1996–2003, a
reduction in rainfall of 50–150mm that has caused a reduction in maize and sorghum
production across most of the eastern African countries. Correspondingly, for energy
consumption, it is expected to decrease because of warmer winters periods. However,
there is a substantial increase in the temperature during the summer together with
better climate circumstances in northern Europe, may cause a decrease in tourism
during the summer and an increase in spring and autumn.

5 Methodology

There are twomain approaches extensively used in the literature tomeasure technical
efficiency: parametric SFA and non-parametric DEA. To take care of the identifica-
tion problem caused by non-parametric models, SFA is used as an alternative. The
SFA approach, was commenced simultaneously by Aigner et al. [41]; Meeusen et al.
[42], makes a distinction between exogenous shocks outside the control and ineffi-
ciency of the firm. In contrast to DEA, SFA takes into account random noise and
allows for conventional tests of hypotheses. Additionally, SFA requires the specifica-
tion of a functional form for the production function and a distributional assumption
for the inefficiency term. Agricultural production is stochastically determined since
it is affected by climatic changes, and the agricultural production literature is likely
affected by measurement and variable omission errors [43–45], choosing a robust
model is vital to consider these problems.

The literature extended the efficiency analysis from cross-section to panel estima-
tion, which has helped to relax some of the assumptions and consider closer realistic
characterization technical efficiencies. Pitt and Lee [46] were the first to extend
the cross-section specification to panel data. They have developed ML estimation
approach using Normal-Half Normal stochastic frontier model. Battese and Coelli
[47] have extended Pitt and Lee [46] model to a Normal-Truncated Normal specifi-
cation. Schmidt and Sickles [48] have shown that the estimation of a time-invariant
inefficiency frontier model could be carried out through conventional fixed-effects
estimation approaches. However, invariant inefficiency has been questioned espe-
ciallywith empirical applications [49]. Cornwell et al. [50] have introduced a solution
to this issue by proposing a quadratic specification model with individual-specific
slope parameters. This quadratic specification permits a unit specific pattern over
time of inefficiency. However, it needs a large number of parameters to be estimated.
Lee and Schmidt [51] proposed a different specification that is more parsimonious
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than the one proposed by Cornwell et al. [50]. Additionally, it does not enforce any
parametric specification, yet it restricts the temporal pattern of inefficiency to be the
same for all productive units. Ahn et al. [52, 53] have proposed a different estima-
tion methodology using Generalized Methods of Moments (GMM) to the [50, 51]
developed models, respectively. The authors have shown that GMM is performing
better because it is asymptotically efficient. Kumbhakar [54] proposed a Maximum
Likelihood (ML) estimation of a time-varying stochastic frontier model. A similar
model proposed by Battese and Coelli [55] termed as a time decay model.

The common characteristic among all the frontier models is that the intercept
has not been changed over productive units, which leads to misspecification in the
existence time-invariant unobservable factors, which cause that these factors may be
captured by the inefficiency term, resulting in producing biased estimates. Greene
[56] has introduced a model to solve this issue using a time-varying stochastic fron-
tier model with unit-specific intercepts. In contrast with the previous models helps
to distinguish time-varying inefficiency from unit specific time-invariant unit hetero-
geneity. For this reason, Greene named these models as True Fixed Effects (TFE) or
True random effects (TRE). While the estimation of the TRE specification is compu-
tationally simple using simulation-based techniques, the ML estimation of the TFE
model needs to solve two main challenges related to nonlinear panel data models
estimation. The first is related to a computational challenge because of the large
size of the parameters space. However, Greene [56, 57] has provided evidence that
a Maximum Likelihood Dummy Variable (MLDV) methodology is feasible in the
case of a large number of nuisance parameters αi (N > 1000). The second challenge
is the incidental parameters problem, which is an inferential problem that is a result
of a larger number of units, compared to the length of the panel. We adopt a True
Fixed Effects (TFE) stochastic production function:

yit = αi + X
′
i tβ + εi t (1)

εi t = vit − uit (2)

where yit denotes the level of output of governorate i at time t, X i t is a vector of input
costs of the ith governorate at time t.β is a vector of parameters to be estimated. Com-
ponentαi in Eq. (1) is the randomgovernorate specific effect, this specification allows
to disentangle time-varying inefficiency from unit specific time invariant unobserved
heterogeneity. The error term εi t in Eq. (2) can be decomposed into two components.
The first component, vit is a normally distributed disturbance capturing the random
variation in output due to statistical noise that occurs due to the unintended omission
of relevant variables from vector X i t ; errors (measurement and approximation) asso-
ciated with the choice of the functional form; unexpected stochastic the control of the
industry. Component vit is usually assumed to be symmetric, independent and identi-
cally distributed as N(0, σ 2

v ). The second component uit is a one-sided, non-negative
random variable, representing the stochastic shortfall of the i-th governorate output
from its production frontier, assumed to be independently distributed following a
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Table 1 Frontier models specification

Wheat yit = αi + β1ARE Ait + β2 f er tili zersit + β3Pesticidesit + β4laborit + β5yit−1
uit = δ1MaxT empit + δ2Humidityit + δ3Solar Radit + ξi t

Rice yit = αi + β1ARE Ait + β2 f er tili zersit + β3Pesticidesit + β4laborit + β5yit−1
uit = δ1MaxT empit + δ2Humidityit + δ3Solar Radit + ξi t

Maize yit = αi + β1ARE Ait + β2 f er tili zersit + β3Pesticidesit + β4laborit + β5yit−1
uit = δ1MaxT empit + δ2Humidityit + δ3Solar Radit + ξi t

truncated normal with mean (Zitδ) and variance σ 2, Zit is a vector of exogenous
variables associated with the inefficiency of production of governorates over time
distribution (3). Compared with previous literature on panel stochastic frontiers, this
specification can differentiate unit specific time invariant unobserved heterogeneity
and time varying inefficiency. To this end, TFE model is specified and is estimated
using a Simulated Maximum Likelihood (SML). The technical inefficiency effects
model:

uit = δZit + ξi t (3)

where uit is the technical inefficiency for governorate i at time t, obtained from
the stochastic frontier model and ξi t is the error term. Selection of Zit variables is
based on previous literature and data availability. The method of estimation is the
simulated maximum likelihood for simultaneous estimation of the stochastic frontier
model and the technical inefficiency model following [56]. We have specified a
dynamic panel frontier models for cereals crops which are (wheat, maize, rice) for
the ith governorates (Behera, Gharbia, Kafr-Elsheikh, Dakahlia, and Sharkia) for
specified T time periods based on data availability. The frontier and efficiencymodels
specifications for the selected cereal crops are presented in Table 1. Logarithmic
transformations of variables are used and we followed a one-step estimation of the
likelihood function.

6 Results

The present empirical application aims at studying the impact of climate conditions
on the technical efficiencies of producing cereal crops in Egypt using SFA approach
applied on a panel dataset obtained from Ministry of Agriculture and the Central
Laboratory for Agricultural Climate. Our sample consists of five governorates for
the period 2000–2009 yielding 50 observations. The analysis was carried out using
the econometric software Stata 11.2. The data are transferred to logs to have a more
straightforward interpretation of the estimated parameters as elasticities. The SFA
model estimates are obtained with a Cobb-Douglass functional form as presented in
Table 1. The dependent variable (yit ) is the production quantity in tons per year of the
identified crop. The crops used in the analysis are necessary for food security in Egypt
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since they are considered a staple food. The inputs includes: (x1i t ) area of the selected
crops in the targeted governorates measured in acres; (x2i t ) is the cost of fertilizers
measured as Egyptian pounds per acre; (x3i t ) is the cost of pesticides measured as
Egyptian pounds per acre; (x4i t ) represent the cost of labor hours per acre; (yit−1) is
the lagged production quantity in terms of tons per lagged year. Summary statistics
for the variables by groups used in the analysis are presented in Table 2.

The summary statistics show the relative similarity among the four groups in
terms of output, land, livestock and labor, and heterogeneity in Machinery and fer-
tilizer. For the efficiency equations, The dependent variable (uit ) is the technical
inefficiency obtained from stochastic frontier model; (MaxT empit ) is average max-
imum temperature for the governorates under analysis measured as Celsius degrees;
(Humidityit ) is the water vapor present in the air and this indicator could have a
reason for potential plant infections; (Solar Radit ) is the power received per meter
squared from the sun measured as Mega Joules per square meter (MJ/m2).

Results of the estimated stochastic frontiermodels are presented inTable 3.Results
of the production elasticity estimates indicate that, for all governorates, the cultivated
area has the largest positive effect on the quantity produced. In the case of the rice
model, cultivated land, labor and fertilizers are found to have statistically signifi-
cant influence; lagged rice production has a negative impact on current production
because of the government policy to minimize water resources consumption. In the
case of the Maize model, cultivated area and fertilizers are found to be relevant. For
the wheat model, the cultivated area and lagged production are the relevant factors
affecting production. Other factors in the three models were not statistically signifi-
cant because these input factors are subsidized since the government provides cereal
farmers, especially wheat producers, with subsidized inputs quantities. These results
are compatible with [58] that identified these factors of production are the most pro-
ductive in Egypt’s agriculture sector. For the technical inefficiency equations for the
three models, the climatic indicators were found to be relevant in causing a prob-
lem of increasing the technical inefficiency and as a result preventing achieving the
maximum potential of producing these crops.

According to Table 4, TE scores for the three cereal crops in the selected gov-
ernorates are calculated as an output-oriented measure following [59]. The average
technical efficiency score is for wheat and maize is above 90% in Kafr-Elsheikh,
Beher, and Gharbia, while Dakahlia is more technically efficient inMaize production
only, and this is expected since these governorates are the biggest wheat producers.
The average technical efficiency score is for rice range from 80 to 85% alongwith the
four governorates yet Dakahlia governorate minimum technical efficiency is 80%,
which is higher than theminimum levels in other governorates. These results indicate
that if these governorates effectively use available resources and at the current tech-
nology, it will be able to increase the output by 10% on average. Improving technical
efficiency allows reducing production costs and increases competitiveness, which
can help farmers face changing conditions and unfortunate economic circumstances.
Climatic variables are found to be relevant in affecting the technical efficiency and
this call for adopting new agricultural practices that are adaptive to these climate
induced-events. As in the case of poor climatic circumstances, farm margins may be
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Table 3 Parameter estimates
of the stochastic frontier
models

Wheat Maize Rice

Cultivated area 0.726***
(0.050)

0.973***
(0.025)

1.074***
(0.008)

Fertilizers 0.020
(0.020)

0.054*
(0.030)

0.049***
(0.009)

Pesticides 0.010
(0.010)

−0.025
(0.027)

0.036
(0.032)

Capital 0.010
(0.023)

– 0.026
(0.074)

Labor −0.024
(0.020)

0.011
(0.073)

0.081**
(0.033)

Seeds −0.012
(0.23)

0.038
(0.035)

−0.075***
(0.014)

Lagged production 0.311***
(0.061)

0.029
(0.026)

−0.022***
(0.007)

Returns to scale 0.726 1.027 1.129

Parameter estimates of the inefficiency model

Average Max.
Temperature

– 2.341***
(0.221)

1.017***
(0.202)

Humidity 0.406***
(0.104)

0.973***
(0.191)

0.331**
(0.155)

Log pseudo likelihood 100.464 108.689 108.672

*** (**) indicate significance level 1% (5%)
Standard errors in parenthesis

squeezed due to the loss in production or affect crop quality. In this line, improving
technical efficiency can help farmers endure times of hardship. A strategy based on
increasing the skills of farmers is relevant as well as improving local and regional
markets infrastructure and transportation networks in Egypt. However, improving
technical efficiency is not sufficient to be more competitive and economically effi-
cient. Farmers also need to improve their allocative efficiency, an essential component
of economic efficiency. Future extension of this work will concentrate on the anal-
ysis of allocative efficiency for agricultural subsectors, the second component of
economic efficiency and the study total factor productivity and its components for
each group.

7 Conclusions

The agricultural sector constitutes a large portion of the economies in Africa, which
can help in solving major issues like malnutrition and hunger. CC has been identified
as a significant threat especially to vulnerable regions especially Africa. Two main
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Table 4 Summary statistics for technical efficiency scores

Mean Std. Dev. Min. Max.

Behera governorate

Wheat model 0.967 0.013 0.950 0.989

Maize model 0.955 0.047 0.878 0.999

Rice model 0.810 0.018 0.779 0.835

Gharbia governorate

Wheat model 0.985 0.015 0.955 0.999

Maize model 0.956 0.045 0.862 0.999

Rice model 0.814 0.030 0.753 0.846

Kafr-Elsheikh governorate

Wheat model 0.905 0.025 0.861 0.937

Maize model 0.934 0.043 0.872 0.999

Rice model 0.853 0.051 0.764 0.894

Dakahlia governorate

Wheat model 0.877 0.012 0.861 0.898

Maize model 0.989 0.008 0.972 0.999

Rice model 0.860 0.027 0.809 0.888

Sharkia governorate

Wheat model 0.967 0.019 0.947 0.999

Maize model 0.988 0.012 0.972 0.999

Rice model 0.831 0.024 0.776 0.851

factors affect agricultural growth namely labor and agricultural land together with
other factors that can help to boost food production; the development of secure
market infrastructure and a transportation network that facilitates the supply of food.
All these factors are impacted by climate change, which leads to a negative impact
on food security. Since CC may cause a reduction in agricultural production, impact
negatively logistical infrastructure which may reduce access to food, a loss in natural
resources impacting the sustainability of using these resources, and finally changing
the cropping pattern of a region affecting the needed nutrition requirements of these
regions.

The objective of this study is to assess climatic conditions on the technical inef-
ficiency of the agricultural production of cereal crops for the largest five producing
governorates in Egypt. To address this objective, a TFE model is applied following
Greene [56]. The method of estimation is a maximum likelihood for simultaneous
estimation of the parameters of the stochastic frontier model and the technical inef-
ficiency model. The results obtained from the stochastic frontier analysis using 5
governorates for 10 years for the period 2000–2009. We provide information on the
output elasticity of different inputs for the different crop; we find that agricultural
land, labor and are the most productive inputs. Maize and rice production exhibit
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increasing rate return to scale meaning that maize and rice producers could become
more profitable with larger operations. The empirical findings in the inefficiency
equation indicate that average maximum temperature and humidity have a signifi-
cant positive effect on technical inefficiency. Results of the efficiency scores show,
on average, that Behera, Gharbia, Kafr El-Shiek and Sharkia are more efficient in
producing wheat and maize compared to rice, while Dakahlia is more technically
efficient in Maize compared with rice and wheat.

8 Recommendations

Based on the results, this information could help policymakers understand how to
apply any new policies. For example, making new investment plans for introducing
climate-smart technologies and adopting new production practices that may help
increase farms’ technical efficiencies that in turn will help increasing agricultural
output and reduce the variability of yields. Additionally, improving local markets
infrastructure and logistics, which will help to smooth the supply of food and facing
international markets volatilities. Considering that family farming which represents
the majority of all farms in Egypt, improving their technical efficiency allows reduc-
ing production costs and improving competitiveness that can help them face fluctu-
ating market conditions and economic hardships. As climate impact on agriculture
is intensifying, Egyptian agricultural policies needs to be developed that technically
support farmers through training to improve their skills to face these effects,minimiz-
ing carbon emission from agriculture the recycling of agricultural waste instead of
burning it. Use new varieties of cereal crops that are more resistant to climate impact.
Develop markets for carbon credits to regulate the right to pollute. Promote sustain-
able use of natural resources like the current government initiatives of reducing rice
and sugar cane crops cultivated areas to reduce water consumption and adoption of
advanced irrigation systems that efficiently use water.

Introducing significant changes in current Egyptian agricultural policies focused
through giving main attention to achieving the higher growth rates in agricultural
production. The current growth rate does not exceed 3% annually for the past decade;
this rate should be doubled to at least 5% through increasing agricultural investments
from 8 billion Egyptian pounds at the present time to 16 billion annually at constant
prices over the next decade. Increase agricultural research budget, especially research
related to the production and development of adaptable varieties to climate change,
like salt-resistant varieties, heat-resistant varieties, short-lived varieties, and water-
saving varieties and spending on improving animal breeds. It should be noted that
the current share of agricultural research does not exceed 25 million pounds per
year. This is incompatible with the challenges facing Egypt related to food security.
In the future, this budget needs to increase to at least 500 million pounds annually,
which does not exceed 0.5% of the total agricultural output. Follow appropriate
strategies to resist rising sea levels to prevent erosion of the northern shores of the
Delta. Future research will not only focus technical efficiency, which is the first
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component of economic efficiency but will investigate the allocative efficiency as
well that represents the second component of economic efficiency and total factor
productivity for each farming system. Since investigating only on tuning the technical
efficiency is not sufficient to be more competitive.
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Abstract This chapter encapsulates the essential climate change challenges (in
terms of conclusions and recommendations) of the agricultural environment in
Egypt and presents insights derived from the cases in the volume. In addition,
some (update) findings from a few recently published research work related to the
climate change covered themes. This chapter focuses on climate change impact on
agriculture in Egypt that was documented during the book project. To this end,
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change in Egypt, land and water resources, smart farming, livestock, fishery, and
aquaculture, and socioeconomic impacts. Therefore, conclusions will be built on
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1 Introduction

While the world is facing unprecedented transitions and threats, we need to deeply
rethink the relationships between agriculture, food production, and climate change.
Climate change is the goal number 13 in the 2030 agenda for sustainable development
adopted by the United Nations, which addresses the target action to combat climate.
Agriculture is one of themost vulnerable economic sectors to climate change, mainly
due to the limited availability of water and land resources. There is a future risk of
higher skills shortages related to the impact of climate change on agricultural sectors
and food production. Particularly, there is a need for highly specialized scientists in
the field of agriculture and food security who want to combine scientific and social
or policy skills to better understand and make significant contributions to climate
adaptation and mitigation in agriculture and food security. Therefore, it is critical to
integrate agricultural science with related subjects that impact on sustainability and
food security such as geo-politics, legislation, and regulation, consumer pressures,
economics, and agro-ecology.

While urgent action to combat climate change and its impacts can be taken through
Sustainable Development Goal 13, this book tries to answer the question “How
will climate change affect food security and sustainable agriculture?” that will help
promote sustainable agricultural development and food security goals. This book
takes stock of current knowledge and analyses the most recent trends in climate
change impact on agriculture.

Therefore, this chapter will present general conclusions of the climate change
impacts on agriculture and food security in Egypt. It is necessary to give due
consideration to the characteristics of various climate change impacts, which render
the resultant system unsustainable. So, the intention of the book is to address the
following main theme.

– An overview of climate change in Egypt.
– Land and water resources.
– Smart farming.
– Livestock, fishery, and aquaculture.
– Socioeconomic impacts.

The next section presents a brief of the important findings of some of the
recent (updated) published studies on the climate change impacts on agriculture
and food security in Egypt, then the main conclusions of the book chapters in
addition to the main recommendations for researchers and decision makers. The
update, conclusions, and recommendations presented in this chapter come from an
investigation of data collection presented in this book.
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2 Update

The following are the major update for the book project based on the main book
theme:

2.1 Update on an Overview of Climate Change in Egypt

Three ways were identified to give us an overall impression of the climate change in
Egypt. The first way through of Paleo-climate evidence in Egypt. Twomain processes
can yield the climatic changes; the earth’s internal processes and the extraterrestrial
impacts. Both of them have a strong effect on the earth’s system. The paleoclimatic
change is well preserved in the earth’s sedimentary record and can be reviled by
using multidisciplinary studies including mineralogy, geochemistry, and the fossil
contents. Egypt is a key area of one of the most pronounced climatic changes that
occurred in the earth’s geologic history; the Paleocene Eocene thermal maximum
that used recently as analog for the current warming.

Many hypotheses have been proposed to explain the climate variations through
the geologic time such as changes in solar radiance due to the instability of earth’s
Orbital and Milankovitch cycles, change in the greenhouse gases (carbon dioxide
or methane) level in the atmosphere [1], or change in the Oceanic thermohaline
circulation. The climate can be affected by two different major processes; internal
processes such as changes in the atmosphere, ice, vegetation, and changes in the ocean
and land surface; and external processes like changes in plate tectonics, change in
the Earth’s orbit, and changes in the intensity of the Sun [2]. The main control on
the paleoclimate was the paleoposition due to the continental drift.

The second way is linked to governance and institutional structure of climate
change inEgypt. There is still amarked lack of support for developing the institutional
capacity and the corresponding mechanisms necessary to address climate variation
at the local level [3, 4]. A cross-cutting issue like climate change, cannot be
managed by one government department or a single ministry.Mainstreaming climate
change into policy decisions requires the consideration of climate change causes and
consequences into non-climate sectors [5]. “Integrated strategies are a relatively novel
approach to govern highly complex issues that involve several sectors and levels of
governance. They are a key tool to foster not only sustainable development but also
environmental policy integration or ecological modernization” [3]. Both of which
are concepts that promote the integration of environmental concerns into sectors
with significant environmental ramifications long before sustainable development
dominated the environmental discourse [6]. In Egypt, despite a stated commitment
to grassroots involvement in climate change adaptation processes and actions, the
actual focus in national adaptation plans is on technical and infrastructure options for
adaptation, with little attention given to the social and institutional context in which
these options operate [4]. Future national-level efforts to develop adaptation plans
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need to consider the role of local institutions more centrally if they seek to serve the
needs and interests of the most vulnerable populations better.

The third way is the role of science, technology, and innovation in addressing
climate change challenges in Egypt. Climate change presents opportunities for
development. Linking climate change and development became important to ensure
an increasing resilience of the poorest and most vulnerable communities. It provides
them with the needed tools and technologies, which should be the main task of the
international communities to approach the impact of climate change [7]. Climate
change phenomena are based originally on scientific facts where research tools
are being used to confirm the data and information related to the cause of climate
change as well as its impact. Extensive scientific evidence made it clear that the
main cause of the change in the climate of the past half century is human-induced
increases for greenhouse gases. This scientific opinion is expressed in technical
reports and scientific articles by scientific national and international entities and
by conducting surveys of opinion among climate scientists. Complex, integrated
mathematical models are being used for projecting future climate change. Climate
models are based onwell-established physical principles and have been demonstrated
to reproduce observed features of recent climate and past climate changes. Models
can simulate the impacts at the local and global scale, e.g., crop yields, hydrological,
and water quality models [8].

2.2 Update on Land and Water Resources

Five potential impacts were identified to study the effect of climate change on land
and water resources in Egypt. First is the effect of climate change on agriculture,
which has specifically become a global issue due to the ever-growing need to provide
food security and end hunger. The impact is on the whole agro-ecosystem from crops
and livestock to fisheries, which in turn can affect economic stability [9]. Implications
of climate change on agriculture are not only due to the effects on plants but also
due to effects on biogeochemical properties of the soil on which they grow. Not only
does the climate-mediated change in microbiota and their behaviors reduce food
productivity but also it extends to food safety, human health, and economy when soil
microbiota turns toxigenic under the environmental influence. Fungi are the primary
decomposers in the soil. It is implicative that changes in temperature and precipitation
will change the diversity and functionality of fungal communities [10, 11]. Hence, to
find a solution, one has to step back and study the impact. It should address the recent
initiative by the Egyptian Ministry of Higher Education and Scientific Research
(MHESR) to encourage researchers to find solutions to overcome climate change
impacts such as forecasting of future changes in diversity and food productivity,
detecting potential natural disasters, changing building codes, protecting coasts and
delta region.

Second effect is the impacts of climate change onmicrobial activity in agricultural
Egypt’s soil. Climate change is a forward direct and indirect effect on speed up
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or slows down terrestrial microbial community composition and their functions.
The effect of climate change on microorganisms are listed: death and disturbance,
metabolic activity is direct and indirect highly influenced, reduction/stimulation of
biomass, diversity, and composition lead to extinct, having a negative or positive
result on its physiology and greenhouse gas emission. As the temperature increases,
microbial community structures are altered and processes climate change is a
forward direct and indirect effect on speed up or slows down terrestrial microbial
community composition and their functions. Soil-dwelling bacteria and fungi control
the breakdown of organic matter in soil and its release as carbon dioxide to the
atmosphere [12]. Climate warming is expected to accelerate the activity of soil
microbes, stimulating further CO2 release, and positive feedback to climate change.
A better understanding of microbial processes is likely to improve climate change
predictions [13]. Recent research has thus sought to quantify the consequences
of warming for soil microbes and the carbon cycle processes they govern and to
describe this using metrics such as microbial carbon use efficiency [12]. However,
the relationships between temperature and soil microbes remain inconsistent in both
space and time, preventing consensus on the severity of feedback from microbial
activity to future climate change.

The third influence is through the mapping of Egypt vulnerability to Sea Level
Rise (SLR). The coastal area of the Nile Delta is one of the areas that are most
prone to flooding because of the expected sea level rise. This may be accompanied
by soil subsidence at varying rates, depending on the conditions of each region, the
topographical and geological characteristics, as well as the current protection means
of each area. Most previous studies of the effect of SLR on the Nile Delta region
examine only the assumed SLR range [14]. The potential threats and impacts of SLR
on the southern Levantine sub-basin, including theNileDelta coast, therefore deserve
greater attention. Moreover, local and global SLR can differ significantly [15, 16]
so regional assessments are needed for risk management, adaptation planning, and
integrated coastal zone management (e.g., BACC [17]).

Fourth inspiration is soil itself as driver and victim of climate change. Egypt is
a country that foresees to face severe effects owing to climate change, although its
share in the global greenhouse gas (GHG) emissions is only 0.57%, and despite the
fact that it is one of the countries that is not required tomanage or reduce its emissions
according to Kyoto protocol [18]. Nevertheless, Egypt has considered a national plan
that includes mitigation measures to manage and reduce GHG flux from the major
sectors contributing to the projected climate change which is agriculture, industry
and energy wastes [18]. Soil may consider an important source of greenhouse gas
emissions (i.e., carbon dioxide, methane, and nitrous oxides). Soil is also considered
as a victim of climate change. Global warming may induce, depletion of soil organic
matter that causes the decline of soil fertility, poor soil water regime, shifting of soil
microbiome and soil compaction (i.e., increase soil compaction, surface sealing, and
crust formation).

The final control is through soil carbon sequestration for climate change
mitigation. An increasing trend of the atmospheric temperature and global changes
in the weather conditions is indicated as climate change [19]. There are two
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anthropogenic processes that contribute greenhouse gases to the atmosphere; fossil
fuels burning and changes in land use. Climate change can significantly affect soil
carbon (C), since changes in temperature, rainfall patterns, and CO2 concentrations
influence C input to the soil, and soil C decomposition. Recently, the impact of
climate change on global SOC stocks has been widely recognized [19]. There are
many different available options, terrestrial carbon sequestration, particularly in the
soil is count as a ‘win–win’ strategy because generally management practices that
lead to increased carbon in the soil also enhance soil fertility. Understanding the
effect of land cover/land use and expected climate change on SOC stocks provides
valuable information to improve approaches to land planning.However, uncertainties
in climate change studies are high, so investigating several scenarios is essential.

2.3 Update on Smart Farming

Seven approaches were acknowledged for using smart farming as a way to mitigate
climate change impacts on agriculture. The first is assessing vulnerability and
enhancing adaptive capacity and resilience to climate change. In order to implement
the 2030 Agenda, the international community has endorsed five principles of
sustainable food and agriculture providing a framework for policy dialogue and for
developing appropriate policies, strategies, regulations, and incentives [20]. More
than 40% of the people in the Arab region have already been exposed to drought and
other climatic disasters [21]. Nevertheless, analysis of the impacts of climate change
at the farming system level regarding crop and livestock production and productivity,
as well as the implications that this has for the livelihoods of those dependent on
them will elucidate some of the common trends and challenges. Most of the farmers
live in the areas of mixed cereals-livestock farming systems keep goats, which are
the most vulnerable to climate change after cattle. Their vulnerability comes from
the fact that while the potential impact of climate change on livestock is less than
that on crops, there is limited adaptive capacity for any of them [20].

The second approach used the pollination of flowering plants is one of the most
important ecological services in natural and agricultural ecosystems. The majority
of angiosperm plants rely on animals for pollination. Bees and their life-sustaining
relationships with flowering plants occupy keystone in both natural and agricultural
ecosystems. Given their ecological services, native bee faunas are an important
natural resource that can complement honey bees and other managed pollinators
in their ecosystem services [22]. The decline of some species is well documented
globally due to several reasons such as climate change, lack of natural foraging
resources, an epidemic of some pests and diseases and elimination of nesting habitats;
these declines have been reported worldwide [23].

The third approach utilized the change of agricultural calendar as a response to
climate variability. Climate change often impacts agricultural production indirectly
by affecting the development and distribution of crop pests and animal diseases,
increasing the rate and dissemination of harmful diseases, weather conditions,
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reducing water supplies and irrigation; and enhancing the severity of soil erosion
[24, 25]. Such climatic hazards became the driving forces, which challenge many
farmers’ livelihoods. The rural population, whose main source of food, direct and/or
indirect employment and income is agriculture, will be most influenced because
of the susceptibility of agriculture to climate change. Adaptation to climate change
refers tomodification in natural or human systems in response to actual or predictable
climatic stimuli [26]. It enables farmers to produce their food, income, and livelihood
protection goals in light of climate and socio-economic change [27]. Common
methods of adaptation in agriculture involve new crop varieties and animal species
that are suitable to drier situations, irrigation, divarication of crops, implementation
of mixed crop and livestock farming systems, and changes in the dates of agricultural
activity [28, 29]. Some of these methods (e.g., changes in agricultural activity dates)
undertaken in response to short-term climate variability are classified as coping
responses. Several factors and critical information are considered amongst them
crop calendars [30]. The chronological sequence of the occurrence of different
phenological stages of a crop in its growth cycle defines the so-called crop calendar
[31]. Crop calendars include information on the timing of periods of crop sowing,
growing, and harvesting. A huge number of studies take into consideration the
techniques established by farmers to deal with climate variability [28, 29] have
reported changes in sowing dates.

The fourth approach study the projected crop coefficients under climate change in
Egypt. “Climate change is expected to havemany adverse impacts on various sectors,
yet agriculture is considered to be the most tangible affected sector, as any alteration
in the prevailing temperature or precipitation patterns will disturb the agricultural
sector as a whole, including crop yields, crops water requirements, and soil fertility”
[32]. Climate change has already caused significant impacts on water resources and
food security. Land ecosystems would require more water to match increased water
demand, and consequently to prevent drought [33]. It was reported that climate
change is expected to negatively affect crops productivity and cause increases in
water requirements for crops in Egypt [34]. Because climatic parameters are the
only factors affecting ETo, it is the most important hydrological and meteorological
variable to reflect climate change [35].

The fifth approach make use of the rice production in Egypt: the challenges of
climate change and water deficiency. Rice paddies are estimated by a large portion of
the wetland ecosystem; mainly in Asian countries [36]. El-Shahawy et al. [37] stated
that in Egypt and most other developing countries that produce rice, it is commonly
cultivated under continuous flooding with about 5 cm depth of standing water during
the growing season. Rice cultivation is known as an important emitter of greenhouse
gases emission, especially methane due to rice management practices and burning
of rice straw after harvesting.

The six is the smart farming approach, which is using nanotechnology for real-
time control of the Red Palm Weevil under climate change. “The red palm weevil
has become a global threat and demands a global strategy to eradicate it. One of the
biggest threats to global agriculture these days is a tiny, bright red weevil. Because
of climate change, the pest can spread to countries where before the weather would
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not have allowed them to survive” (https://www.npr.org/sections/thesalt/2017/06/
22/532619019/red-palm-weevils-wreak). Climate change will profoundly affect the
distribution and abundance of all species, including insects, and promote ecology-
driven changes in phenology [38]. Climate changemay result in a potential expansion
of insect populations to polar regions and higher elevations [39]. Increases in global
temperatures will expand or reduce the range of insects by converting climatically
unsuitable habitats into suitable ones or vice versa [40].

Finally, how to face climate change: Urban gardening and sustainable
agriculture. Agriculture is threatened by climate change, responsible for food
supply and employs about 30% of Egypt’s labor force. Thus, a new criterion,
“sustainable agriculture”, is needed, which addresses all these issues simultaneously!
“Sustainable Agriculture” and climate change adaptation potential adaptation
by adopting cropping patterns” (https://www.longdom.org/proceedings/impact-of-
climate-change-on-agriculture-sect). Trying to save our global, urban, or city
gardening as a sort of horticultural strategies can dealing with climate change.
We want to begin thinking now not just about what used to be, but what may
be, generally contributing the city regions to be sustainable socially, economically,
and environmentally. Climate change goes to pressure us to paintings difficult at
somethingHomo sapiens has never been good.An urban garden like our own families
is a great location to begin.

2.4 Update on Livestock, Fishery, and Aquaculture

Five different ways are recognized for potential climate change impacts on livestock,
fishery, and aquaculture. First is the potential climate change impacts on livestock and
food security nexus in Egypt. Where, global climate change can have comprehensive
magnitudes for livestock production, that preponderantly result from its impact on
rainfall patterns that confirm each the amount and quality of grassland and land
post-productivity [41]. Further, the drying of water resources can produce a state of
affairs wherever livestock has to be compelled to walk long distances in search of
water, making extra stress to those animals. Hence, it is attending to be an enormous
challenge for livestock researchers across the world to develop appropriate ways to
confirm access to water for livestock production.

Second is the influence of climate changes on animal feed production. There is a
reciprocal effect between climate change and animal production. On the one hand,
the production of livestock contributes about 37% of total methane, 65% nitrous
oxide and 9% of carbon dioxide emissions, all of which makes up to about 18% of
global greenhouse gas emissions from all human activities. Also, 64% of ammonia
emissions come from livestock production and contaminate air, soil, and water, and
cause acid rain and damage to the ozone layer. On the other hand, the farm animals are
prone to the adverse impacts of the changes in climate. Forage crops are an important
part of agriculture because they provide quality feed to animals. The changes in
climate will influence both the quantity and of quality of forage production as well

https://www.npr.org/sections/thesalt/2017/06/22/532619019/red-palm-weevils-wreak
https://www.longdom.org/proceedings/impact-of-climate-change-on-agriculture-sect
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as their reliability. Climate changes cause environmental stresses (e.g., increasing
temperature, elevated carbon dioxide concentrations) that affect pasture and forage
production.

The third way is through algae and fish. Aquatic animals such as fish and
crustaceans provide human beings with high-quality protein diets. Scientists propose
that this would cause mitigation of global warming as algae take in carbon
dioxide, the main factor responsible for global warming, and release oxygen during
photosynthesis. So double benefits are expected in terms of increasing aquatic
animals and decreasing global warming.

The fourth way is climate change impact on immune status and productivity of
poultry as well as the quality of meat and egg products. The negative effects of
increased environmental temperature due to climate change on poultry production
representing lower feed intake, reduction of weight gain and meat quality in broilers,
in addition to low egg production rate and egg quality, increasing feed conversion
ratio and high mortality rate in laying hens. Effective procedures must be taken to
challenge this potential risk of high temperature and its impact on livestock in general
and on poultry in particular through the implementation of effective strategies in order
to protect poultry survival and increase their productivity during hot weather.

The final way presented in this book is climatic change and chicken immunity.
Heat stress is considered as one of the primary factors that impose negative impacts
on chicken production and reproduction. Due to global warming, abrupt climatic
conditions like storms, droughts, floods, and extreme hot and cold temperatures are
predominant around the globe. With the changing climatic scenario, the frequency
and duration of exposure of livestock to abiotic and biotic stressors are expected to
increase. Chicken flocks are particularly vulnerable to climate change because birds
can only tolerate a narrow temperature ranges [42].

2.5 Socioeconomic Impacts

Two scenarios have been identified to study the socioeconomic impacts of climate
change. The first scenario deals with agriculture and rural communities’ vulnerability
in the Nile Delta. Climate models predict that the change in climatic conditions will
affect agriculture by reducing land productivity between 10 and 20% by 2050 in
many developing countries and affecting about 10% of the agricultural land [43].
Accordingly, many farming households are expected to counter crop deficiencies and
yield reductions that would affect their livelihoods and in turn, their vulnerability
[44]. Nevertheless, agriculture in Egypt in general and in the Nile Delta in particular,
is currently facing other intense challenges resulting from the rapid population
growth that is exceeding 2.5% annually [45], thus augmenting agricultural land
and irrigation water scarcities. For the determination of the climate change stimuli
impacts on agriculture in the Nile Delta governorates, and the identification of
farmers’ vulnerability in 2030, the vulnerability assessment framework (VAF) is
applied. TheVAF is an important tool for supporting policymakers in formulating the
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necessary strategies of climate change adaptation for the enhancement of the adaptive
capacities of local farming communities by improving awareness of the causes and
the implications of vulnerability [46]. The framework considers the exposure and
sensitivity of agriculture and farmers to the climate change stimuli, and their local
adaptive capacities that are necessary for copingwith climate change adverse impacts
on farmers’ livelihoods [47].

The second scenario is an efficiency analysis approach. Climate SmartAgriculture
(CSA) is an approach that deals with restructuring agricultural systems to cope with
climate change through three main objectives, which are sustainability increasing
productivity and incomes, mitigating GHG emissions, and adaptation and building
resilience. The Intergovernmental Panel on Climate Change (IPCC) has released a
special report on 2018 on the impact of global warming of 1.5 °C and GHG emission
pathways.Additionally, the report has shown thatmost climatemodels showed robust
results of regional climate characteristics differences [48]. An Egyptian Climate
Change Risk Management program is developed to incorporating GHG emissions
mitigation into the national policy and investment frameworks, including Clean
DevelopmentMechanismfinancing opportunities, Enhancing the national capacity to
climate change adaptation through synergies among water, energy and food sectors,
and finally advocacy and awareness-raising.

Finally, Green Sustainable Development (GSD) is that meets the needs of the
present without compromising the ability of future generations to meet their own
needs. At the core of sustainable development is the need to consider “three pillars”
together: society, the economy and the environment. No matter the context, the basic
idea remains the same—people, habitats and economic systems are inter-related.
These may be conducted by applying the new approach of nexus especially between
water, climate and foot security (WCF), which are interrelated with each other and
facing from the same challenges with cross cutting strategies and plan for green
sustainable development. Achieving for the “GSD” green strategies and plans for
WCF nexus need special institutional inter sectorial mechanism for cooperation and
formulating throw the mainstream national strategy. This chapter discus and present
some of the WCF nexus interrelation; impact and strategies as well.

3 Conclusions

Throughout the present book project, the editorial’ teams were able to draw several
conclusions.Besidesmethodological insights, the chapter originates key lessons from
the cases in the book, in particular, the promising characteristics of both the Paleo
and current climate impacts on climate change. These conclusions are important
to understand the impact of climate change in Egypt. These are discussed in the
following in no particular order.
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3.1 An Overview of Climate Change in Egypt Was Concluded
in Three Approaches

The first approach is an overview of Paleo-climate evidence in Egypt. Study of the
different impacts of the climatic changes occurred in the Earth’s geologic history can
give a clue to predict the consequence of the current warming. The natural warming
events took several hundreds of kilo years led to increase the earth temperatures by
a few degrees, whereas the human impact accelerates the process by around 250
times. Therefor the human activities should be controlled by lows to stop and/or
decrease the emission of the greenhouse gases to slow there steps toward the sex
mass extinction event.

The second approach is the governance and institutional structure of climate
change in Egypt. Egypt’s National Strategy for Adaptation to Climate Change and
Disaster Risk Reduction stressed the importance of reforming and modifying the
institutional frameworks for climate change adaptation in Egypt. Such reformation
would not necessarily entail establishing new institutions, but rather ensuring best
practices in existing ones. While a framework for climate change adaptation exists
in Egypt, local level policies and actions need to be strengthened to ensure effective
implementation of adaptation and mitigation effects. There is a need to formulate
integrated climate change strategies, to enable access to climate financemechanisms,
and to develop and strengthen the policies, institutions, capacities, knowledge and
transformative change required to build climate-resilient communities (http://www.
climasouth.eu/docs/Adaptation011%20StrategyEgypt.pdf).

The third approach is the role of science, technology, and innovation in addressing
climate change challenges in Egypt. Science policy interface is vital in approaching
the climate change, which challenges globally and specifically in Egypt. Innovations
and new technologies have the major role of developing new crops varieties that are
resistant to possible impacts of climate change (heat, drought, and salinity stress),
disease, and producing higher yields. These technologies should be simplified to
be close to the policymakers, who need to understand the nature and processes
of scientific innovation and to enhance an environment in which it can flourish in
responding to the emerging challenges. Water, food energy, and climate change
nexus can be the major concern of the scientific research plans, programs, and
projects in Egypt. In addition, Policy time scales are generally shorter than
scientific developments, so policy needs to demonstrate more continuity for fostering
innovation. Because of the cost of research, funding for scientific research and
development needs long-term commitments, which are not affected by rapid policy
changes. There is also a need for more international cooperation.

http://www.climasouth.eu/docs/Adaptation011%20StrategyEgypt.pdf
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3.2 Land and Water Resources

First is the impact of climate change on Plant-associated fungi. Whether we like it
or not, climate change will continue to occur in the future, laying its heavy impact
on every agricultural-related element. Finding solutions to shifts in soil microbial
community and deterioration of plant produce under extreme climate conditions can
be addressed using biotechnology tools such as genetic modification, stress tolerance
induction, and synthetic biology to obtain new breeds that tolerate climate change
increase productivity or enhance carbon sequestration.Molecular biology is expected
to play another role, which is developing new tools for solar energy conversion
because a huge percentage of CO2 emissions are attributed to agricultural emissions.
Harnessing energy from photosynthesis is also another biotechnology application
that will add an ecological dimension through mitigating greenhouse gas produced
from conventional energy production; this will consequently aid in preserving the
environment and biodiversity.

Second is the impact of climate change on microbial activity in agricultural
Egyptian soil. Climate change has an impact on Egyptian soil microbial community
and activities both directly or indirectly. The fluctuation of temperature and elevated
CO2 are the most climatic changes in Egypt that positively, negatively, and neutrally
affect soil microbial activity, community, and enzyme activities. However, most
of researchers or studies focused on climate change impacts as a single factor or
by separating the different climate change components (altered temperature and
moisture or elevated CO2) and manipulating their responses on soil microbial
activity independently. The behavior and response of plant growth promoting
microorganisms to climate change are very variedly and complicated, especially in
saline habitats. The structure and functions of soil microorganisms are tremendously
complex and can be impacted by climate changes in several ways that prevent the
ability to draw reliable conclusions. Long-term experiments are critical to more
illustrate the interactions between biotic and abiotic factors and better predict soil
microbial responses to future climate changes. On the other hand, the use of modern
molecular techniques such as metagenomics will help and gave more details about
soil microbial communities that would otherwise be undetectable.

Third is mapping Egypt vulnerability to sea level rise scenarios. Nile Delta
contains high population densities, significant economic activities, and ecosystem
services. This area is already subject to climate change has the potential to pose
increasing risks in the future. Consequently, a range of negative socio-economic
impacts is expected to follow such as food insecurity, loss of income sources and
unemployment of small farmers as well as the loss of livelihoods of other people who
are currently dependant on the agricultural activities carried out in the Nile Delta.
These predictions assure the need for the agricultural sector in Egypt to adapt—in the
long term—to the potential threat of SLR as part of its adaptation to climate change
in general. The SLRS analysis can be used to identify priority areas for adaptation
based on the vulnerability of cities and districts.
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Fourth consider the soil as driver and victim of climate change in Egypt. The
soil in Egypt may consider an important source of greenhouse gas emissions (i.e.,
carbon dioxide, methane, and nitrous oxides). The drivers of soil GHG emissions
are soil type and composition (i.e., soil texture, pH, soil organic matter (SOM),
etc.), soil temperature, moisture, fertilization, soil miss-management (Tillage), rice
cultivation and burning of Crop residues. Soil is also considered as a victim of climate
change. Global warming may induce, depletion of soil organic matter that causes
the decline of soil fertility, poor soil water regime, shifting of soil microbiome and
soil compaction (i.e., increase soil compaction, surface sealing, and crust formation).
Globalwarming also induces sea level rise (SLR)on the soil ofEgypt,which increases
the area of submerged land in northern Nile Delta and consequently soil salinization.
With climate change, more frequent extreme precipitation and drought events are
projectedwhichmay exacerbate the rate and soil susceptibility to accelerated erosion,
salinization and other degradation processes, leading to further carbon losses.

Finally, soil carbon sequestration for climate change mitigation: some
implications to Egypt. Soil C sequestration is a very important tool for C storage,
atmospheric CO2 reduction, and climate change mitigation. As well, it is critical
for enhancing soil fertility, agricultural productivity, and sustainability. Adoption of
good management practices may make agricultural soil an effective C sink because
of their content of C content is below the C saturation point, which means that an
additional C can be sequestered with time. Soil C and N are low in Egyptian soils
and Delta’s soils, although the Nile Delta is one the most fertile area in Egypt.
Although North Nile Delta in Egypt produces a very small percentage of global
GHGs emissions, it is one of the most vulnerable areas to the expected impacts and
risks of climate change. In addition, although, Nile Delta in Egypt is one of the most
fertile areas in the world, it contains a considerable area of degraded and unreclaimed
soil. Therefore, the reclamation process in such areas is very important not only for
agricultural extension in Egypt but also it may have a significant effect on SOC by
alternation of soil condition and inputs and outputs of organic C. Thus, such soil has
huge potential to sequester more C and N, subsequently reducing atmospheric CO2

if improved management practices are adopted.

3.3 Smart Farming

Agricultural production in Egypt: Assessing vulnerability and enhancing adaptive
capacity and resilience to climate change. Climate change adaptation is of paramount
importance to agriculture, given the reliance of the sector on climate. Climate
change adaptation policies should be based on science, and incorporate knowledge
of indigenous people and traditional practices. Adaptation considerations should
be mainstreamed into sectoral and cross-sectoral policymaking, and promote good
adaptation practices to confront the heterogeneity and uncertainty of climate change
impacts. Ultimately, adaptation efforts should contribute towards sustainable food
production and food security for all.
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The vulnerability of crop pollination ecosystem services to climate change.
Pollinators play a key role in food security due to their substantial intrinsic value by
providing pollination services for agriculture ecosystems. Bees are considered the
most important pollinators. Managed honeybees and other wild bee species have
an enormous, unchallenged impact as plant pollinators, both for wild plants and
crops. The value of annual global food production relies on direct contributions
by pollinators is substantial, with estimates between 235 billion and 577 billion
dollars. Recently, there is growing concern about the decline in insect pollinators
across the world. Pollinator decline has become a worldwide issue as its potential
consequences to global food production. The decline in bees is caused by multiple
stresses, including habitat fragmentation and loss, exposure to pathogens, parasites
and pesticides, shortage of food sources, and the impacts of climate change. Climate
change is considered the most relevant factor responsible for the decline of insect
pollinators. It is likely to affect the activity of insect pollinators, thereby influencing its
role in crop pollination. Climate change also is likely to alter the pollinator lifecycle,
distribution and their interaction with the prevalence of pests and diseases, affect the
bee-plant interaction, the mismatch between the flowering time and seasonal activity
of bees, lack of floral resources, biological invasion, habitat loss, degradation, and
fragmentation.

Change of agricultural calendar as a response to climate variability. Climate
and weather have different influences on crop area, intensity, and yield. These
influences are modified by farmer decision-making and innovations. Farmers are
developing coping strategies, such as adjusting some of their farming practices, given
climate variability. Enhancing our understanding of climate impact and management
contributions to crop area and intensity as well as yield is crucial for lowering
uncertainty regarding long-term effects of climate change on agricultural production
and creating more targeted responses to climate adaptation.

Crop calendars are a core component of monitoring systems for agricultural
production as they help experts focus on the seasons when different crop types
grow in the field. Land surface phenology (LSP) metrics have been used as a
proxy for crop calendars and apply criteria such as the start and end of the season
(SOS and EOS respectively) to identify the period of pixel-level growth of active
agricultural vegetation. This information, indeed, is not crop-specific and so it
remains relevant to use crop calendars from independent sources, which provide
crop-specific phenological timing like those of sowing, growing and harvesting.

Projected crop coefficients under climate change in Egypt. Because only monthly
air temperature and solar radiation are available in the RCP6.0 climate change
scenario, it is impossible to use the P-M equation. Instead, monthly ETo can be
calculated using H-S equation, and the developed prediction equations for ET(P-M)
can be used to calculate the values of monthly ETo using the developed calibration
coefficients for each agro-climatic zone. Our results showed that this method was
accurate, and the predicted ETo values were close to the calculated ETo values by the
P-M equation. Thus, it is recommended to use this procedure in case of unavailability
ofwind speed and dewpoint temperature values. TheBISmmodelwas used to project
Kc values in 2030. The results indicated that Kcinivalues for field and vegetable crops
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were lower in 2030, compared to its counterpart values in 2016. The values of Kcmed

were higher in 2030, and the value of Kcend was similar or higher in 2030, compared
to its counterpart values in 2016. This increase in the Kc values, especially in the
middle of the growing season, where maximum growth existed, results in increases
in the required irrigation amounts to satisfy the needs of these crops. Whereas, there
was no change in the values of Kc for fruit crops between 2016 and 2030. This could
be attributed to that fact that fruit trees established ground cover all year long, which
makes it less responsive to weather variation between growing seasons. However, the
projected values of ETc will increase. This increase can be attributed to the expected
rise in weather elements that could lead to a net deficit in atmospheric water content,
consequently excessive evaporation from the soil, water, and plant surfaces.

Rice production in Egypt: The challenges of climate change and water deficiency.
Agricultural soils in North Nile Delta Egypt are vulnerable to water shortage and
climate change. Rice system in this area has higher C and N pools. However, the
area of rice production is expected to decline because of many reasons, such as
establishing Grand Renaissance Ethiopian Dam and climate change. Management
practices should be taken into consideration to avoid such decline in those soils and
consequently decline in SOC, which considers one of the most important methods
to mitigate climate change if sequestered in the soil. Sequestering SOC decline CO2

in the atmosphere where CO2 is one of the most important GHG that cause climate
change. Therefore, the attention should be paid for soil C sequestration in the North
Nile Delta Egypt for balancing the excepted decline in C and N, due to reducing rice
cultivation area because ofmany challenges such as climate change, water deficiency,
and sea level rise, as well for climate change mitigation.

Nanotechnology for real-time control of the Red Palm Weevil (RPW) under
climate change. Control of the RPW is difficult due to the concealed nature of the
life cycle of the pest since palm trees do not show visual evidence of infection until
it is too late for them to recover. The early detection system proposed is based on
acoustic monitoring, as the activity of RPW larvae inside the palm, trunk is audible
for human operators under acceptable environmental noise levels. The sensor can
be installed in a palm tree and can analyze the caught audio signal during large
periods. The results of sound analysis would be accounted wirelessly to a control
station, to be subsequently processed and conveniently stored. It is modified to send
warning messages when predefined alarm thresholds are achieved, thereby enabling
managers to check online the status and evolution of the palm trees. The results imply
the efficiency of the developed system to detect the existence of the RPW through
its feeding sound. Nano-sensors for RPW thermal analysis is efficient to detect the
existence of the RPW through its thermal properties. Nano-minerals were used and
prepared in natural leaves extract to control RPW. Nano-particles of TiO2 could be
used along withMoringa oleifera extract against Rhynchophorus ferrugineus larvae.
The present study revealed that NME extract drastically decreased developmental
stages of R. ferrugineus. Unlike traditional methods, which are time-consuming, and
labor intensive, this system offers the advantages of keeping the palm trees intact;
reduce costs, as well as saving time and money in the process of pest’s infestation
detection. The compound is a 100% natural solution. It is derived from naturally
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plants and minerals that can significantly aid in controlling RPW. In addition, it is
safe to use on all plants and crops, including natives.

Finally, facing climate change: urban gardening and sustainable agriculture.
Trying to save our global, urban, or city gardening as a sort of horticultural strategies
can deal with climate change. We want to begin thinking now not just about what
used to be, but what may be, generally contributing the city regions to be sustainable
socially, economically, and environmentally. Climate change goes to pressure us to
paintings difficult at somethingHomo sapiens has never been good. An urban garden
like our own families is a great location to begin. Measures to combat climate change
encompass 2 primary titles:

1. Removal of the maximum greenhouse effective gases, specifically methane,
carbon dioxide, sulfur oxides, nitrogen oxides, particulates, and nucleoids

2. Decreasing causes of greenhouse gas emissions.

Urban gardens, including street trees, public gardens, recreation parks, and
greenbelts, especially that designed around the industrial areas can help mitigation
of climate change.

3.4 Livestock, Fishery, and Aquaculture

Potential climate change impacts on livestock and food security nexus in Egypt.
Regardless of the way that the phenomenon of worldwide atmosphere changes,
and the local effects, it is normal, that Egypt would be one of the countries
most influenced by the impacts of climate change. These impacts are reflected in
high temperatures, changing rainfall pattern, rising sea levels, and the expanding
recurrence of atmosphere related disasters, which posture danger to farm, agriculture
land, water supply, and food security. Agriculture land is a constrained that ought to
be utilized effectively and in a way that keeps up its esteem with the goal that it can
produce an adequate amount of food, fuel, and forage in both the short and long term.
From the viewpoint of water administration, intercessions to increment agricultural
profitability ought to incorporate projects to extend irrigated areas, enhance thewater-
maintenance properties of soil, and enhance profitability and water-utilize efficiency.
To enhance production, and accordingly, farmers, population, and food security are
the two primary components prompting the expansion and the requirement for more
developed agribusiness in both rainfed and irrigated farming. To avoid poverty, a
mix of animal product from animals that have a good feed conversion (e.g., cattle
and chickens) which is great for saving the land’s esteem and add to effective land
utilize.

Influence of climate changes on animal feed production: The problems and
the suggested solutions. Climate change affects almost every aspect of our life. It
affects animal feed production, forage production, plant feed production. The above
discussion provides the view of the world as well as individual countries experiences
to adapt to climate change. On a worldwide scale, it is recommended to follow the
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official adaptation measures of Intergovernmental Panel on Climate Change (IPCC).
On an individual country scale, the adaptation and mitigation measures should take
into considerations the socio-economic dimensions aspects.

Algae and fish: Benefits and hazards. In order to secure food resources from
aquatic water bodies, the beneficial and nutrient-rich algae, whether macroscopic
or microscopic can be cultured and grown in both marine environments and inland.
The algae can be also be grown for their carotenoids that play many functions in
aquatic animals. However, some oceans are high in their nutrients and low in their
iron content. This causes a reduction in phytoplankton densities. One solution for this
and the global warming issue is iron fertilization of those oceans that would increase
phytoplankton, increase aquatic animals, and decrease global warming as a result
of carbon dioxide consumption and oxygen release. However, toxic algae can harm
and kill edible aquatic animals, thereby causing the massive die off, and toxins can
even be transferred to human beings leading to health risks. Therefore, toxic algae
and factors leading to their proliferation must be studied extensively and thoroughly
monitored as they can be transferred through biofouling and ballast water.

Climatic change and chicken immunity. Climate variability is the overarching
theme, but it is expected that the global average temperature will increase by 4 °C
by 2100. The changing environmental temperatures require adaptation from all
forms of life. Under stress conditions, avian blood tolerates a change from acid-
base balance to alkaline balance. There is a decline in the plasma, a reduced level
of vitamin C in the adrenal cortex, a reduction in lymphocytes, and a depression of
the immune response. As the temperature rises, the birds undergo many changes—
increasedwater consumption, respiration rate, body temperature, inferior egg quality,
and susceptibility to diseases. In particular, the highly specific adaptive immune
mechanisms are affected by heat stress. In more specific, heat stress deteriorates the
cell-mediated immune responses. This reveals that heat stress needs to be considered
as an important factor compromising chicken’s health. Because of heat conditioning,
biochemical and physiological mechanisms were induced to cope with heat stress;
this induction may have delayed production of additional acute phase proteins to
protect the cells from damage. The stress hormones—cytokine interactions are
responsible for altered immune functions during heat stress. Modern-day molecular
biology tools can help in understanding various cellular and molecular mechanisms
involved in the production, physiological and immunological aspects of the poultry
birds, which in turn can help in the development of breedsmore adapted to the climate
changes.

Over the past fifty years, global poultry production experienced leaps and bounces
to accommodate rising demand. However, popular demand and scientific interest
for organic poultry production, particularly feeding with medicinal botanicals, has
considerably increased in recent years. Many studies have established the fact
that herbal plants and their derivatives have the potential as immune modulators.
Both, the innate and adaptive components of the immune system are stimulated
by phylogenic. Moreover, most studies have exercised herbal extracts rather than
purified compounds. Therefore, there is still distrust concerning the efficacy and
optimum dosage of herbal plants and their derivatives as immune stimulators.
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More recently, two innovative approaches have been explored, including early-life
conditioning (i.e., prenatal heat acclimation) and genetic selection of breeds with
the increased capacity of coping with heat stress conditions (i.e., increased heat
tolerance). However, these potential opportunities, although promising (particularly,
for poultry production in hot climatic regions), still require further research and
development.

3.5 Socioeconomic Impacts

Climate change, agriculture, and rural communities’ vulnerability in the Nile Delta.
The conclusionpresents a brief comparisonbetween the impact of urban expansionon
agricultural land and that of climate changeon agriculture. The impact of urbanization
would be higher on the field crops’ cropping area, as it would reduce the area by
about 2.6% of the total field crops’ cropping area in Egypt based on 2015 data, while
climate change would only reduce the area by 0.04%. In contrast, the impact of urban
expansion on field crops’ production and the net value in the Nile Delta governorates
accounts only for about 50% of the impact of climate change. Urbanization would
reduce the field crops’ production by 2.33% of total field crops’ production in Egypt,
while climate change would reduce it by 4.42%. This would be reflected in the field
crops’ net value, as urbanization is to decrease the net value by 2.29%, whereas
climate change is to reduce it by 4.95% of total field crops’ net value in Egypt based
on 2015 data.

Climate change would increase the field crops’ water requirement by 2%, while
urbanization would decrease it by about 2.7%. However, climate change impacts are
dependent on the availability of adequate irrigation water. Any reduction in Egypt’s
water supply—due to environmental and physical causes, such as rain reduction
on the Ethiopian highlands and/or the building of the GERD, and increased ET of
field crops—would increase the severity of annual crop yield deficiencies affecting
farmers (landowners and laborers). All landowners and some laborers (about 0.03%)
are to be affected by climate change, while the impact of urbanization is to be more
severe on laborers as it would reduce the working days by about 2.5% of total field
crops’ working days in Egypt.

Climate change impacts on agriculture, in terms of decrease of field crops’
production and net value, could accelerate urbanization on agricultural land,
especially in marginal areas. Finally, the review of farmers’ and Nile Delta
governorates’ adaptive capacities showed that climate change is to significantly affect
Alexandria and Ismailia by reducing their field crops’ production and net value.
Nevertheless, the most vulnerable governorate due to its assets would be Beheira. As
the adaptation process would be hampered by the number of the rural population, the
size of land ownership, illiteracy, and poverty of farmers [21] and inadequate access to
VEWand funding source. Additionally, the losses of Beheira governorate would also
have a large impact on the national level due to the size of its field crops’ agricultural
land, production in tons , net value and farmers’ (women andmen) percentage of total
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Egypt. Potential food price increases and lack of job opportunities, both in Egypt
and abroad could further affect the vulnerability of Beheira.

Climate impact on Egyptian agriculture: An efficiency analysis approach. Climate
change has been identified as a major threat, especially to vulnerable regions,
especially Africa. Two main factors affect agricultural growth that are labor and
agricultural land together with other factors that can help to boost food production;
the development of strong market infrastructure and a transportation network that
facilitate the supply of food. All these factors are impacted by climate change, which
leads to a negative impact on food security. Since climate change may cause a
reduction in agricultural production, impact negatively logistical infrastructurewhich
may reduce access to food, a loss in natural resources impacting the sustainability of
using these resources, and finally changing the cropping pattern of a region affecting
the needed nutrition requirements of these regions. Agricultural land, labor, and are
the most productive input. Maize and rice production exhibit increasing rate return
to scale, meaning that maize and rice producers could become more profitable with
larger operations. Our empirical findings in the inefficiency equation indicate that
average maximum temperature and humidity have a significant positive effect on
technical inefficiency. Results of the efficiency scores show, on average, that Behera,
Gharbia, Kafr El-Shiek and Sharkia are more efficient in producing wheat and maize
compared to rice, while Dakahlia is more technically efficient in Maize compared
with rice and wheat.

Green sustainable development (GSD) is one of the most valuable goal that
everybody looking forward. It is clear that the Nexus approach is very important
issue toward meeting this goal. Meanwhile Water—Climate-food nexus is always
supporting GSD. This will happen by applying sectorial interrelationships for
these areas. whatever, it is essential need to defined the measures, instatements
tools, communicate, coordinate and implementing plan between those sectors and
put it throw the national mainstream policy for sustainable development. In this
context, Egypt has taken many steps as presented in this chapter at international and
National levels for achieving these goals but there is still some challenges. Lack
of public awareness and communication between private, governmental, and non-
governmental sectors are major challenges. Meanwhile, increasing knowledge and
public awareness can be powerful instruments in support of policy change towards
a more integrated WCF-nexus perspective.

4 Recommendations

A key aspect of climate change impacts is the ability to adapt to future challenges.
We argue that mitigation and adaptation need built-in flexibility to achieve this goal.
Throughout this book project, the editorial’ teams noted some areas that could be
explored to further improvement. Based on the authors’ findings and conclusions, this
section offers a set of recommendations providing suggestions for future researchers,
stakeholders and decision making regrouped by subjects:
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• An overview of climate change in Egypt.

– The awareness rising by the government among businesses and local authorities
about the risks andvulnerabilities createdbyclimate change tominimize impacts
and help limit the cost of damages.

– The provision to the EEAA of the full responsibility for the monitoring
and management of a national carbon market, including, but not limited to
allocation of emissions, development of appropriate standards, regulations and
laws, establishment of appropriate bodies and mechanisms for the effective
functioning of the market, oversight of development of derivative markets, and
provision of guidance to concerned institutions.

– Guide the research agenda in Egypt to provide scientific facts to inform policy
makerswith information and knowledge related to climate change and its impact
on the agriculture sector.

– Enhance the role of the scientific research entities in presenting the knowledge
in a simple way for the decision makers and the public.

• Land and water resources.

– Mainstream climate change assessment, impact, and measures of adaptation in
the research programs of the research institutions.

– Establish strong linkages between the local civil society organizations and the
agricultural research bodies in the country to empower these organizations with
the necessary tools and gaudiness to approach climate change challenges at the
levels of local communities.

– Beneficial plant growth promoting microorganisms could be an important
biotechnological tool for sustainable agriculture by their positive effect on soil
fertility and crop production and quality and could reduce the costs for chemical
fertilization and pest control.

– Staying abreast of technological innovations is vital to the future efficiency and
competence of the agriculture system in the region.

– Determining the best approaches to observe and quantify the response of plant-
microbe interactions or microbe-microbe interactions to climate change to
predict future ecosystem function.

– Temporal and seasonal variation and plant root exudates play a vital role in the
response of soil microbial activity to climate change, subsequently should be
incorporated into future climate change experimental manipulations.

– Research around institutional reform regarding the distribution of power and the
flow of knowledge in the policymaking chain with respect to SLR adaptation is
needed.

• Smart farming.

– From an agricultural perspective, in-depth studies are needed to identify the
different physical, social, economic, and institutional barriers that stand in the
way of agricultural adaptation in the Nile Delta region.
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– Regarding farm level adaptation and the resilience of theNileDelta communities
facing potential SLR are also worth studying.

– Follow appropriate strategies to resist rising sea levels to prevent erosion of the
northern shores of the Delta.

– Strengthening the climate change institutionally at the country level to include
environmental institutions in addition to those of agriculture and water.

– Mainstream issues related to impact of climate change in the national policies
and strategies of the agricultural and water sector.

– Enhance the scientific research sector to address climate change concerns.
– Improve irrigation water productivity for sustainable agricultural production
and food security.

– Raising awareness on the adverse impacts of climate change on ecosystem
services and food security.

– Enhance the public appreciation of the importance of natural pollination by bees
as one of the most substantial ecosystem services.

– Fill knowledge gaps in pollinator ecology, declines, and intact management.
– Encourage public engagement in the protection and conservation of honeybees
and other wild pollinators.

– Conserving and restoring natural nesting habitats of solitary bees and enhancing
nesting materials and nesting sites by creating bee hotels (artificial nests) for
the propagation of the most promising solitary bees.

– Encourage farm owners for cultivation bee-friendly plants and other crops with
a continuous succession of flowering.

– The policymakers should take into account the expected consequences of
climate change in their future plans, regulate the amount of available water
for agriculture, and distribute it on the basis of crops need in each agro-climatic
zone.

– Policymakers should make efforts to improve irrigation water transport,
distribution, and application efficiency to reduce water losses through
evaporation and deep percolation.

– Raising awareness on Red Palm Weevil measures among all the stakeholders.
– Urgent need to develop a fast and reliable, cost-effective, and easy to handle
early detection device for Red Palm Weevil control.

– Implement aGIS aidedmonitoring system for efficientmapping, data collection,
analysis, and management for climate change control.

– Use remote sensing imagery to geo-reference palm trees in countries to be used
as a primary base map in the GIS to control and mitigate climate change.

– Municipality planning and landscape gardeners in conjunctionwith theMinistry
of the Environmental Affairs have to review planning methods and undertake
scientific foundations while choosing garden plants and verifying non-emission
farming structures that may be harmful to the environment when dealing with
soil during soil preparing for agriculture.

– Look for ways or means to change the plants that are not environmentally
friendly plants, with no harm to the soil.
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– Climate change affects and is affected by all countries, but its treatment must
begin with the actions of individuals, which require the provision of appropriate
means of awareness in urban communities.

– Gardeners should not lose sight of the importance of reducing water
consumption, at least through selecting C4 and CAM plants for their low
water needs. Taking into consideration their environmental importance and their
efficiency in eliminating greenhouse gases.

– Reduces climate change as urban agriculture contributes to the prevention of
the over-heating of city environments (Urban Heat Islands).

– Gardens are one of the maximum valuable legacies that we can go away for
future generations.

• Livestock, fishery, and aquaculture.

– Selection and production of disease and parasite resistant chicken, for an
example, will assist in decreasing the dependency on drugs and medication,
which will reduce chemicals in animal products and the environment and good
animal welfare.

– Creating of the Egyptian Indigenous Chicken Center “EICC” will be
recommended, which will help the rural community to be able to buy cockerels
from superior indigenous strains for upgrading their stock.

– EICCwill produce seed stock for different species of birds thatwill be distributed
to farmers in the villages. This will directly contribute to improved village
poultry production and diversity, resulting in increased animal protein intake
among smallholders.

– The incorporates poultry production within existing farming systems, and then
ensure a sustainable contribution to stable food security.

– The smallholder will subsequently profit by the combination of various
species nutritiously, socially and economically, this will lead to sustainable
conservation, management, improvement, and utilization of indigenous poultry
genetic resources.

– Increase agricultural research budget, especially research related to the
production and development of adaptable varieties to climate change, like salt-
resistant varieties, heat-resistant varieties, short-lived varieties, andwater-saving
varieties and spending on improving animal breeds.

• Socioeconomic impacts.

– To counter land fragmentation, which is a main cause of urban expansion on
agricultural land, the role of the agricultural cooperatives should be enhanced.
Agricultural cooperatives should make sure that agricultural land—especially
small land plots—is cultivated as one big plot to allow farmers to benefit from
the economies of scale. This, in turn, would improve farmers’ well-being and
reduce the need to transform agricultural land into urban land.

– There is a need to prepare farmers to deal with climate change to reduce its
potential negative impacts on agriculture through the application of adaptation
measures that would improve farmers’ resilience.
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– Strategies have also acknowledged the importance of improving the institutional
structures of research and extension services in Egypt as well as the importance
of allocating sufficient funds to agricultural research and public extension
services.

– The capacity building of public extension workers and of farmers is expected
to have great benefits, in addition to enhancing the structures of cooperatives
through the introduction of necessary changes to guarantee a more participatory
involvement of farmers in the decision-making processes and the regulation of
the involvement of the private extension services to complement governmental
efforts.

– Making new investment plans for introducing climate-smart technologies and
adopting new production practices that may help increase farms’ technical
efficiency that in turn, will help to increase agricultural output and reduce the
variability of yields.

– Improving local markets infrastructure and logistics, this will help to smooth
the supply of food and facing international markets volatilities. Considering that
family farming, which represents the majority of all farms in Egypt, improving
their technical efficiency, allows reducing production costs and improving
competitiveness that can help them face fluctuating market conditions and
economic hardships.

– As climate impact on agriculture is intensifying, Egyptian agricultural policies
needs to be developed that technically support farmers through training to
improve their skills to face these effects, minimizing carbon emission from
agriculture the recycling of agricultural waste instead of burning it.

– Use new varieties of cereal crops that are more resistant to climate impact.
Develop markets for carbon credits to regulate the right to pollute.

– Promote sustainable use of natural resources like the current government
initiatives of reducing rice and sugar cane crops cultivated areas to reduce water
consumption and adoption of advanced irrigation systems that efficiently use
water.

– Future research will not only focus technical efficiency, which is the first
component of economic efficiency but as well will investigate the allocative
efficiency that represents the second component of economic efficiency and
total factor productivity for each farming system. Since investigating only on
tuning the technical efficiency is not sufficient to be more competitive.

– More research needs to be done to enhance our understanding the responses
of farmers to climate shocks under different economic conditions and different
technology access. To develop more climate-resilient crop production systems,
a global analysis of these issues is crucial.

– Given global climate change, food trade globalization, and the growing
importance of food imports tomaintain national food balance inmany countries,
we claim that addressing these knowledge gaps globally is crucial.

– The establishment of an analysis and reporting mechanism by the NCCC and
the Ministry of Finance for direct climate finance to cover the disbursement use
and effectiveness of funding.
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– The incorporation of carbon reduction and adaptation into climate change
elements in the national development strategy and management system for
international cooperation and use of these elements as a key criterion for project
selection in national and international investments.

– The elevation of climate change collaboration to the level of international
relations strategy to facilitate climate funding into Egypt.

– The establishment of an international development administration with
responsibility for climate-related international cooperation (including finance)
also under the direct supervision of the Ministry of International Cooperation.

– Lunched an integrated initiative for water and food security (WFSI), could be
helped in conduct a collaborative strategies on sustainable agricultural water
management. WFSI, can Promote the implementation of cost—effective water
investment and management practices to fulfill the food security requirement
under the future projections climate change conditions.
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