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Preface

The future of sustainable agriculture in MENA regions faces many challenges. This
book captures agro-environmental sustainability in MENA regions and provides
ideas extracted from the volume cases. In addition, some (update) findings from a
few recently published research work related to the agro-environmental sustainability
covered themes.

Environmental sustainability is concerned with the possibility of protecting and
maintaining environmental resources for future generations. Developing countries
are looking for growth while developed nations are looking for instruments for
post-growth and intellectual development to think about sustainable development
(economically effective, socially equitable and environmentally sustainable). For any
economy that needs progress and development, growth has always been a significant
goal. It is based mainly on the growth of factors of production owing to the enhanced
use of available resources. The MENA region, however, faces a triple challenge:
emerging climate patterns herald a future where water resources lie below sustain-
able levels; rapid population growth is threatening to imperil food security; and over-
reliance on oil is curtailing governments’ ability to act. Nevertheless, water crises
are more acute than in the MENA region. In addition to food security, water scarcity
is the biggest threat to human and environmental security in the region. Droughts,
soil salinity and pollution, land subsidence and rural exodus have been triggered by
the lack and inefficient use of resources. It has also helped trigger conflicts. A major
culprit behind water scarcity in the MENA region is agriculture and food produc-
tion. The situation needs new thinking on sustainability, efficient implementation of
technology and radical transformation of agriculture.

This book holds much promise and potential for agro-environmental sustainability
in MENA regions. It addresses the question of how science and technology can be
mobilized to make that promise come true. Therefore, the intention of the book is
to improve and address the following main theme: water management practices,
diagnosis and new farming technologies, practices for sustainable plant and soil
production, sustainable industry approach, and tourism activities in agricultural area.

The following are the key features for the book:
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Part One is an introduction to agro-environmental sustainability in MENA
regions where the editors present a general overview and highlight the technical
elements of each chapter.

In Part Two “Climate Change and Water Management Practices”, three chap-
ters are identified in the book related to water management practices. The first review
chapter treats climate change impacts on water balance in Egypt and opportunities
for adaptations. The second chapter gives an overview of these technologies and its
environmental economics applications. Furthermore, to demonstrate the application
of several wastewater treatment technologies with the high-efficiency treatment of
municipal wastewater in small- and large-scale using biofilm systems with respect
to the application of low-cost wastewater treatment also to reuse the treated wastew-
ater for irrigation purpose as successful case studies from the MENA region. On
the other hand, chapter three covers (i) the use of climatic data for estimating water
requirements in olive trees (cv Meski) in the semi-arid Tunisian (Enfidha); (ii) the
use of the sap flow method to quantify transpiration and water consumption; (iii) the
evaluation of the physiological method according to ETO.

Part Three “Diagnosis and New Farming Technologies” contains five chap-
ters, and different approaches are used to delineate and discuss the new farming
technologies. The first one presents the agrarian system diagnosis in Kerkennah
Archipelago in Tunisia. The second approach represents precision farming tech-
nologies to increasing soil and crop productivity. The third treats the importance of
implementing an environmental information system in data-scarce countries. The
fourth one is related to the green spaces for residential projects as a commitment to
environmental concerns and a sustainable development initiative: design of a peri-
urban park in Casablanca, Morocco. The last approach emphasizes the environment
and sustainable development in the face of coastal artificialization cases of Tunisia,
Morocco and Algeria.

In Part Four “Practices for Sustainable Plant and Soil Production”, several
potential practices for sustainable soil production are implemented in this part. The
first chapter presents the role of Tunisian medicinal plants as antifungal and antibac-
terial potentials for plants diseases control and also antioxidants activity of plants.
The second presents an overview of sustainable agriculture in some Arab Maghreb
countries (Morocco, Algeria and Tunisia) that has become the main economic sector
responsible for multiple environmental impacts. The second developed potential
practice is the possibilities of mineral fertilizer substitution via bio and organic
fertilizers for decreasing the environmental pollution. The third one explains poten-
tial practice which is the possibility of mineral fertilizer substitution via bio and
organic fertilizers for decreasing environmental pollution and improving of sesame
(Sesamum indicum L.) vegetative growth. In the fourth chapter, the author gives an
overview of the animal and rangeland resources in Shalatin—Abou Ramad—Halaib
Triangle Region, Red Sea Governorate, Egypt, to identify the potentialities of animal
and rangeland resources; main constraints and problems that would help in planning
specific strategies for developing animal production in the region and enhancing
local Bedouin’s welfare. While in the fifth chapter, the authors we carried out an
analysis of the collected bibliographic corpus relating to the evolution of the urban
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and peri-urban territories in some of the cities of the MENA, including Morocco,
Algeria and Tunisia and, essentially, in the littoral regions of Morocco and Algeria.

In Part Five “Industrial, Landscape, Touristic and Political Approaches for
Agro-Environment Sustainability”, different approaches are presented.

The fifth part of this book introduced six sustainable industry approaches. The
first one is the sustainable mining site remediation under (semi) arid climates in the
Middle East and in Northern Africa. Then, two study cases are presented in this part
emphasizing on the value of using trees as a key element in the sustainability of cities,
and the second explains how urban extension can modify the agricultural landscape
of a coastal region. In both research studies, the landscape analysis approach is used.

The fourth approach is related to the interchange between agriculture and tourism
in Tunisia in the context of sustainability. The fifth approach is the climate factors
affecting sustainable human and tourism comfort in Egypt. Sustainable tourism is the
application of sustainable development ideas to the tourism sector, that is, tourism
that meets the needs of the existing generations without compromising the ability of
future generations to meet their own life needs. In the last chapter, authors review
the 2030 Agenda as a blueprint for water and ecosystem services in the context of
agriculture with an interesting comparison between policies in both EU and Egypt.

The last chapter in this book (Part Six) is the conclusions and recommenda-
tions of the book. The chapter presents an update of the most recent findings, the
most significant conclusions and recommendations of the chapters contained in the
volume.

The editors (Mohamed Abu-hashim and Abdelazim Negm) acknowledge the
support of the Science, Technology, and Innovation Authority (STIFA) of Egypt
in the framework of the grant no. 30771 for the project titled “a novel standalone
solar-driven agriculture greenhouse—desalination system: that grows its energy and
irrigation water® via the Newton-Mosharafa funding scheme.

Additionally, the editors are happy to acknowledge the contributions of all authors
to make this book a great source of knowledge for the MENA regions countries on
the level of researchers, graduate students, stakeholders and decision planners. We
hope it helps the MENA regions countries to move forward towards sustainable
development to achieve the related SDGs goals.

Moreover, the editors want to extend their thanks to the Springer team who worked
hard for a long period to produce this unique book and made the authors’ and the
editors’ dream a reality. Special thanks are due to Andrey Kostianoy and Alexis
Vizcaino.

Last but not least, The editors love to close this preface by requesting feedback
from the researchers’ and professionals’ communities and from all audiences as well
to improve the next editions. Also, new chapters for next editions are welcomed.
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Please send your feedback and your constructive comments and/or your new chapter
to the editors via email. The emails are posted in the chapters.

Zagazig, Egypt Mohamed Abu-hashim
Sousse, Tunisia Faiza Khebour Allouche
Zagazig, Egypt Abdelazim Negm

October 2020
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Introduction to “Agro-Environmental )
Sustainability in MENA Regions” ek

Mohamed Abu-Hashim, El-Sayed E. Omran, Faiza Khebour Allouche,
and Abdelazim Negm

Abstract In this chapter, the book titled “Agro-Environmental Sustainability in
MENA Regions” is introduced. In addition to two chapters in the section Conclusions
and this chapter, the book consisted of 19 chapters, which entirely included 17 chap-
ters. The 17 chapters fall under four themes. The themes include (a) Climate Change
and Water Management Practices and covered in 3 chapters, (b) Diagnosis and New
Farming Technologies and covered in 5 chapters too, (c) Practices For Sustainable
Plant and Soil Production which is covered in 3 chapters and (d) Industrial, Land-
scape, Touristic and political Approaches for Agro-environment sustainability which
is covered in 6 chapters.

Keywords Water resources + Agriculture - Environment + Sustainable
development - Farming - Best practices * Technologies + Production - Crop

1 Background

Agro-Environmental Sustainability in MENA Regions is one of the main critical
issues for enhancing developing countries. Developing countries are looking for
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growth while developed nations are looking for instruments for post-growth and intel-
lectual development to think about sustainable development (economically effective,
socially equitable, and environmentally sustainable). Natural agricultural resources
are at the heart of sustainable development in MENA regions and are critical to
socio-economic growth [1, 2]. This book demonstrates the efforts made in agro-
environmental sustainability in the MENA regions (in terms of observations and
suggestions) and presents ideas that have been derived from the volume cases.
Furthermore, the conclusions from the recently published study and governmental
works on agro-environmental sustainability related to the topics discussed in the
book (see e.g. [1, 3, 4]). This book presents a collection of guidelines for resource
safeguarding to the current problems facing agro-environmental sustainability in
MENA regions. Environmental sustainability is concerned with the possibility of
protecting and maintaining environmental resources for future generations [5-7].
For the country that needs progress and development, growth has always been a
significant goal, which is based mainly on the growth of factors of production owing
to the enhanced use of available resources [6, 8, 9]. MENA region faces a triple chal-
lenge: Emerging climate patterns herald a future where water resources lie below
sustainable levels [10-12]; rapid population growth which threatening to imperil
food security [13] and over-reliance on oil that curtailing governments [9] ability to
act. In addition to food security, water scarcity is the biggest threat to human and
environmental security in the region [10, 14]. Droughts, soil salinity and pollution,
land subsidence, and rural exodus have been triggered by the lack and inefficient use
of resources [15]. It has also helped trigger conflicts [16]. A major culprit behind
water scarcity in the MENA region is agriculture and food production [1, 16]. The
issue needs creative thinking in terms of growth, effective technology deployment
and revolutionary agricultural transformation. This book offers much promise and
potential in MENA Regions for agro-environmental sustainability. This book deals
with the issue of how to integrate science and technology to make the promise come
true. Environmental sustainability is concerned with the possibility of protecting
and maintaining environmental resources for future generations [17]. USDA [2]
mentioned that developing countries are looking for growth while developed nations
are looking for instruments for post-growth and intellectual development to think
about sustainable development (economically effective, socially equitable, and envi-
ronmentally sustainable). For any economy that needs progress and development,
growth has always been a significant goal. It is based mainly on the growth of factors
of production owing to the enhanced use of available resources [1]. The MENA
region, however, faces a triple challenge: Emerging climate patterns herald a future
where water resources lie below sustainable levels, rapid population growth is threat-
ening to imperil food security; and over-reliance on oil is curtailing governments’
ability to act [17]. Nowhere else is the water crisis more acute than in the MENA
region. In addition to food security, water scarcity represents the biggest threat to
human and environmental security in the region [18-21]. Droughts, soil salinity and
pollution, land subsidence, and rural exodus have been triggered by the lack and
inefficient use of resources [22, 23]. It has also helped trigger conflicts.

The book’s intention is, therefore to improve and tackle the following main theme.
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— Climate Change and Water Management Practices.

— Diagnosis and New Farming Technologies.

— Practices for Sustainable Plant and Soil Production.

— Industrial, Landscape, Touristic and political Approaches for Agro-environment
sustainability.

The summary of the objectives of the chapters under each theme will be presented
in the following section.

2 Summaries of the Book Chapters

2.1 Climate Change and Water Management Practices

In this part, three chapters were displayed related to water management practices,
policies and climate change. The first chapter assessed the impacts of climate change
on water balance in Egypt and opportunities for Adaptations. It presents a review
of the findings of recent studies related to the impact of climate change on water
balance in Egypt and discusses the proposed adaptation measures for such impacts.
The second chapter displayed an overview of the decentralized wastewater treatment
technologies using biofilm technologies. The study showed that the implementa-
tion of several biofilm technologies with the high-efficiency treatment of municipal
wastewater on a small and large scale to reuse the treated wastewater for irrigation
purposes was successful. The third chapter in this section is devoted to the esti-
mation of the olive orchards’ water requirements using climatic and physiological
methods in Tunisia. That is when there is a lack of irrigation water, supplemental or
supplemental irrigation is necessary to increase crop production significantly.

2.2 Diagnosis and New Farming Technologies

The second part of this book consists of five methods that are used to delineate and
analyze the evolving agricultural developments. The first approach is the agrarian
system diagnosis in Kerkennah Archipelago, Tunisia. The agrarian system is the
theoretical expression of a form of agriculture that is traditionally constituted and
geographically located, consisting of a featured cultivated ecosystem and a given
productive social structure. This allows the sustainable exploitation of the corre-
sponding cultivated ecosystem. The second approach is the precision farming tech-
nologies that applied to increase soil and crop productivity. In precision farming
(PF) or Site-specific land management (SSLM), the farm field is classified into
“site-specific management zones” depending on soil pH, yield rates, pest invasion,
and other factors that affect soil and crop production. The third potential practical
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approach is implementing an environmental information system in data-scarce coun-
tries: issues and guidelines. Integrating the environmental dimension into socio-
economic development strategies has become a requirement for sustainable devel-
opment. The aim of implementing such an environmental information system (EIS)
is to develop an integrated framework for the storage, production, management, and
exchange of environmental information in a decision-making perspective.

The fourth approach is related to the green spaces for residential projects as a
commitment to environmental concerns and a sustainable development initiative
in Morocco: Design of a periurban park in Casablanca, Morocco. Morocco has
embarked on a long process of modernization of the territorial administrative organi-
zation and its adaptation to the current political, economic and social context while
gradually introducing a decentralization that will allow a rapprochement between
the administration and the local authorities. The fifth approach is the environment
and sustainable development in the face of coastal artificialisation: Case of Tunisia,
Morocco and Algeria.

2.3 Practices for Sustainable Plant and Soil Production

The third part of this book introduces three potential practices for sustainable
soil production. The first potential practice is sustainable agriculture in some Arab
Maghreb countries (Morocco, Algeria, and Tunisia). Agriculture has changed funda-
mentally and overtime has become the main economic sector responsible for multiple
environmental impacts. The second potential practice is the possibilities of mineral
fertilizer substitution via bio and organic fertilizers for decreasing environmental
pollution and improving of sesame (Sesamum indicum L.) vegetative growth. Mineral
fertilizers are expensive, not easily available, and increasing its doses about plant
needs leading to environmental pollution. Possibilities of partial or complete substi-
tution of mineral fertilizer via bio and organic fertilizers were assessed for improving
the characteristics of sesame vegetative growth and contributing to decreasing
environmental pollution.

The third potential practice gives an overview of the animal and Rangeland
resources in Shalatin—Abou Ramad—Halaib Triangle Region (SAHTR), Red Sea
governorate, Egypt. Shalatin—Abou Ramad—Halaib Triangle Region (SAHTR) has
vital and strategic importance to Egypt. Due to a combination of severing long-lasting
drought and loss of access to traditional grazing area has dramatically undetermined
the continued viability of their nomadic pastoralist way of life. The aim of this chapter
is to present the author’s observations and findings on animal and natural resources
in the Shalatin—Abou Ramad—Halaib Triangle Region (SAHTR) to identify the
potentialities of animal and rangeland resources; key constraints and problems that
would help to prepare specific strategies for improving the region’s animal production
and enhancing the welfare of local Bedouins.
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2.4 Industrial, Landscape, Touristic and Political Approaches
Jor Agro-Environment Sustainability

The fourth part of this book introduced six sustainable industry approaches. The first
approach is the sustainable mining site remediation under (Semi) Arid Climates in
the Middle East and in Northern Africa. The second approach is the agricultural
landscape of Sahel Bizertin: A Heritage in Peril. The landscape with harmonious
and consistent relations between human activity and preserved nature is an essential
competitive advantage. The Sahel of Bizerte is rich in heritage and landscape identity
reflecting the evolution of the human occupation of the territory. The heritage value
of the landscape is mainly due to time. The third approach is the urban tree: a key
element for the sustainable development of Tunisian cities. Green spaces are an
essential element for the aesthetics, setting and quality of life of a city. They help to
ventilate the cities and must be considered as the lungs of the city. They are places of
relaxation, walk, rest, games for the youngest, sports fields for all ages. It was about
to see the short history of the introduction of the tree in urban areas in Tunisia and
especially in the city of Tunis. The tree that was having a role only for now is having
an ecological ornamental role and even symbolic.

The fourth approach is related to the question: What prospects for sustainable
tourism development in Hergla (Tunisia)? Hergla is an old farming village located
on the eastern coast. Tourism is affected by a tight transformation aimed at a develop-
ment that is inevitably more sustainable. Tourism development is part of global land
management, which integrates local actors. Indeed, “the concept of sustainable land
management (SLM) offers solutions that go beyond technologic recommendations
by including aspects of social participation and policy dialogue”. The fifth approach
is the climate factors affecting sustainable human and tourism comfort in Aswan
Governorate. Sustainable tourism is the application of sustainable development ideas
to the tourism sector. The tourism industry, which is mainly an outdoor economy,
can be particularly vulnerable to climate and weather effects. Climate and its various
components influence directly on the human body and its social and psychological
life. Because the place chosen by the tourist must have adequate climatic and envi-
ronmental conditions for his movements and needs, which is different from the place
where he lives, therefore, the elements of climate are one of the most important
natural geographical components on which tourism is based.

The six approaches is the agri-environmental policies: Comparison and critical
evaluation between EU and Egyptian structure. The transformation of the agri-food
system has become a priority for achieving the Sustainable Development Goals.
Agricultural transformation is believed to be vital for achieving a sustainable future
and being able to contribute to the achievement of several SDGs. In the European
Union (EU), 39% of the total land area were being used for agriculture in 2016,
yet only 4.2% of the population worked in the agricultural sector at the same time.
In 2017, agriculture contributed to just 1.7% of the gross domestic product (GDP).
In Egypt, however, agriculture is the largest employer providing income-generating
activities to more than 30% of the workforce. The Egyptian agricultural sector plays
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a central role in Egypt’s economy as it accounts for 14.5% of the GDP., although the
estimated land under agricultural use consists of only about 2.5% of the country”s
total area (24,960 km? of 1 million km?).

The book ends with the conclusion section which summarizes the most important
conclusions and recommendations of the book and a concise update of the book
themes.

Acknowledgements Mohamed Abu-Hashim and Negm acknowledge the support of the Science,
Technology, and Innovation Authority (STIFA) of Egypt in the framework of the grant no. 30771
for the project titled “a novel standalone solar-driven agriculture greenhouse—desalination system:
that grows its energy and irrigation water” via the Newton-Mosharafa funding scheme.
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Abstract Climate change has altered the hydrological cycle by increasing temper-
ature, rising sea level, and changing precipitation patterns in many regions of the
world. Egypt faces several serious risks from climate change that could reduce water
supplies and adversely impact agriculture, economy, human health, and ecosystems.
Thus, a dynamic adaptation strategy should be considered and updated periodically
according to acquired knowledge to reveal current uncertainties. In this work, recent
studies of climate change impacts on Nile water resources, sea level rise, ground-
water, precipitation, evaporation, evapotranspiration, and temperature are revisited
for providing helpful literature for future studies in Egypt. Furthermore, the proposed
adaptation measures for such climate change impacts are discussed to come up with a
robust adaptation strategy for Egypt. The results of the various studies concerning the
climate change impact on Nile flows indicate considerable contradictory projections
about the future availability of Nile water. Thus, studies for proposing and evaluating
several adaptation measures for both the optimistic and pessimistic scenarios of the
Nile flow still needed as most of the adaptation measures mentioned in the litera-
ture are general, descriptive, and not quantified. Studies about the climate change
impacts on rainfall, evaporation, evapotranspiration, and groundwater quality and
quantity are still limited in Egypt. In addition, research related to improved early
warning and prediction, rainfall harvesting techniques, seawater agriculture, salt and
tolerant crop varieties, and modern irrigation techniques are essential to cope with
future challenges caused by climate change. The review suggests that further inves-
tigation is needed to evaluate the possible climate change scenarios of different
hydrometeorological processes affecting Egypt’s water resources.
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1 Introduction

In the past few decades, the evidence on the rapid warming clearly noted through
monitoring the historical global temperature data by several international science
institutions (Fig. 1). Most climate scientists indicated that the current global warming
trend has become significant, as the planet’s average surface temperature has
increased about 1.62 °F since the late nineteenth century due to the human expansion
of the “greenhouse effect”. Although industrialized nations are primarily responsible
for this phenomenon, the costs of climate change (CC) will be borne most directly
by the developing countries.

Temperature is the most impacted climate variable by CC. Increasing temperature
affects water vapor concentrations, humidity, wind speed, cloud characteristics, evap-
otranspiration rates, precipitation, soil moisture, and snowfall and snowmelt regimes.
Meanwhile, changes in precipitation affect the rates of groundwater recharge, the size
and timing of floods and droughts, and surface runoff regimes. All these factors are
crucial for water resources management; accordingly, CC has severe effects on water
resources in many regions in the world.

As shown in Fig. 2, the Middle East and North Africa (MENA) region is among
the most water-scarce regions worldwide [1, 2]. The freshwater availability declined
from 990 m? in 2005 to 800 m? in 2015 [3] and expected to reach 600 m> per capita
by 2050 which is much below the poverty index (1000 m?/capita) [4]. The weather
in MENA varies predominantly from arid to semi-arid, as vast zone characterized
by very low and highly variable annual rainfall, and a high degree of aridity [5].

08 4 Temperature Anomaly (°C)

L

0.6 o Japanese Meteorological Agency

T T T T T T
1880 1900 1920 1940 1960 1980 2000 2020

Fig. 1 Global temperature data from four international science institutions (http://climate.nasa.
gov/evidence/)
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Fig. 2 Projected water scarcity in 2025 [7]

Moreover, the water scarcity in the region will be exacerbated by vastly increasing
population as it is expected to double by 2050, to nearly 450 million [6].

The MENA region is highly vulnerable to CC due to social, economic, and envi-
ronmental conditions [8], which puts more stress on water resources that affect both
the agriculture sector and the environment. According to World Bank [9], most agri-
cultural areas in MENA depend mainly on rain-fed agriculture and 60% of the popu-
lation lives in surface water-scarce areas, which means that the region is extremely
vulnerable to changes in temperature and precipitation. Thus, understanding the
threats from CC is crucial to formulate policies and rectify strategies to lessen the
risks [10, 11]. Modeling studies recently reported that the MENA region will face an
increase in the surface temperature of 2-5.5 °C along with a decrease in precipitation
by less than 20% by the end of the twenty-first century, that will cause high rates of
heatwaves and extreme weather events [9].

Egyptis facing major challenges because of its limited water resources and rapidly
growing population. Water use per capita has decreased from 2200 m?®/capita/year
in the 1960s to 570 m’/capita/year in 2018, and it is projected to be only
324 m?3/capita/year in 2050 (Fig. 3). Thereby, CC is projected to cause even greater
concerns throughout the country, with severe environmental, social, and economic
implications. The current water availability in Egypt is insufficient to address the
required water demand for agriculture, industry, domestic use, and others, where
transboundary water agreements commitments do exist. Moreover, the threats of
reducing the share of the Nile in Egypt arise due to the development plans in the
upper Nile Basin countries. It is worth mention that CC can provide challenges and
opportunities for the Nile River Basin (NRB) countries to collaborate for reducing
the adverse impacts of CC.
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Fig. 3 Decline of freshwater availability per capita in Egypt (Data source MWRI [12])

In view of the previously mentioned issues, the purposes of this chapter are to (1)
review the findings of recent CC impact studies on water balance in Egypt; and (2)
discuss the proposed adaptation measures for such CC impacts.

2 Study Area (Egypt)

Egypt is in the North East of Africa, between 22° and 32° latitude and 24° and
37° longitude (Fig. 4), with an overall area of approximately 1 x 10® km?, and a
population of 99 million until 5 September 2019, as stated by the central agency for
public mobilization and statistics (http://www.capmas.gov.eg). The altitude varies
from —133 m (the Qattara Depression) to 2629 m above the sea level (Catherine
Mountain in Southern Sinai), with an average of 306 m above the sea level [13].
Egypt’s coastline extends for around 1200 km along the Mediterranean Sea in the
North and about 1000 km along the Red Sea in the East [14]. Geomorphologically,
Egypt can be classified into four regions [13]: the western desert, which represents
about 68% of the total area of Egypt, the Nile valley and the delta (4%) which
considers the country’s most populated lands; the eastern desert (22%); and Sinai
Peninsula (6%). Major urban cities, commercial center, and industrial activities are
confined to the narrow corridor along the Nile and its delta and a narrow strip along
the Suez Canal and Red sea Coast. Therefore, Egypt is extremely vulnerable to
any potential impacts on its water resources and coastal zones due to very special
distribution of its population, land-use and agriculture, and economic activity.
Egypthas four seasons: summer (21 June—22 September), autumn (23 September—
20 December), winter (21 December—20 March), and spring (21 March-20 June).
Generally, the climate of Egypt, as a semi-arid country, is characterized by a hot dry
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Fig. 4 Map of Egypt with DEM (modified after Gado and El-Agha [15])

summer and a mild winter with little rainfall. According to the Egyptian Meteoro-
logical Authority (https://www.emaeg.org), the temperature in the coastal regions,
located in the north, ranges between around a minimum of 14 °C in winter and a
maximum of 30 °C in summer. Going to the south, temperature varies widely, espe-
cially in the desert in summer, when it ranges from 7 °C at night to 43 °C during the
day. In winter, temperatures vary less significantly, but they can reach 0 °C at night
and as high as 18 °C during the day. Egypt has areas with strong winds, particularly
along the coasts, with an average annual wind speed of 8.0-10.0 m/s along the Red
Sea coast, and about 6.0-6.5 m/s along the Mediterranean coast [16]. The annual
rainfall ranges between 200 mm in the north coast to almost zero in Upper Egypt
[16, 17].

3 Climate Change

The greenhouse gases (GHGs) act as a thermal blanket for the earth absorbing heat
and warming the surface to an average of 15 °C [18]. It consists of water vapor,
carbon dioxide, nitrous oxide, and methane. Too much carbon dioxide (CO,) and
other GHGs in the air are making the greenhouse effect stronger; and thus, the earth
gets warmer. Indeed, human activities (e.g., the burning of fossil fuels like coal and
oil) have raised the level of CO; in the atmosphere from 280 to 400 parts per million
in the last 150 years; and the average surface temperature of the planet increased by
0.60 °C during the twentieth century [8]. Hence, most climate scientists conclude
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that the main cause of the current global warming trend is human expansion of the
“greenhouse effect”, and they have high confidence that global temperatures will
continue to rise for decades to come, i.e., the average temperature increase by 2100
could be in the range of 1.4-5.8 °C [8].

Intergovernmental Panel on Climate Change (IPCC) has observed that any change
in climate variables related to global warming is affecting the regional hydrological
processes [19]. Precipitation and temperature are considered the main factors of
hydrological processes that are anticipated to change [20], and the variations of
these two factors are the key measures of CC. The temperature increase has severe
impacts on different aspects such as melting ice, sea level rise, extreme events, and
diseases associated with high temperatures. Consequently, there is an urgent need to
study the various effects of temperature changes in different regions in the world by
using available climate models [21].

In the MENA region, the temperature has significantly increased more than the
global average, e.g., in Iraq, the temperature is increasing much faster than the global
average rise [22]. Egypt, as an arid country, is extremely vulnerable to the impacts
of CC, thus, many studies have been recently concerned with spatial and temporal
temperature changes in Egypt, as shown in Table 1. Most of the studies indicated a
substantial increase in temperature over the past few decades. For example, Hasanean
and Abdel Basset [23] investigated trends of the average temperature at 19 stations
for the period of (1905-2000), and the results revealed that summer temperature
had striking increasing trends during the last 20 years. Nashwan et al. [24] indicated
rising trends in some temperature extremes from 1948 to 2010. By investigating
temperature trends at 40 stations, El Kenawy et al. [25] showed that the frequency,
intensity, and persistence of warm extremes have increased significantly during the
period (1983-2015). However, further investigation is essential to evaluate the IPCC
scenarios in order to have a comprehensive assessment of the impacts of the CC on
different hydrometeorological processes in Egypt.

3.1 Climate Models

An important step in CC impact studies is to predict climate data in the future via
Global Climate Models (GCMs) or Regional Climate Models (RCMs). Then, the
outputs of these climate models are used in hydrological models, which are cali-
brated by using historical hydro-meteorological data, to predict future water avail-
ability. Thus, GCMs and RCMs have become very important tools to describe and
predict different hydrological processes (e.g., precipitation and evapotranspiration).
GCMs are numerical models that reasonably reproduce the global and continental-
scale climate [34] by representing the physical processes in the atmosphere, ocean,
cryosphere, and land surface [35]. Table 2 summarizes some of the most common
GCMs worldwide. Although these models are the most sophisticated and advanced
tool for simulating the global climate system, they have problems resulting from their
coarse spatial resolution [36, 37]. The spatial resolution of GCMs ranges between
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Table 2 Summary of the most common GCMs in the world

Modeling centre Country Acronym Resolution (lon. x lat.)
National Center for USA NCAR-CCSM3 1.41° x 1.41°
Atmospheric Research

Commonwealth Scientific and | Australia | CSIRO-Mk3.0 1.88° x 1.88°
Industrial Research CSIRO-Mk-3.5 1.88° x 1.88°
Organization

Geophysical Fluid Dynamics | USA GFDL-CM2.0 2.50° x 2.00°
Laboratory GFDL-CM2.1 2.50° x 2.00°
NASA/Goddard Institute for | USA GISS-EH 5.00° x 3.91°
Space Studies GISS-ER 5.00° x 3.91°
Hadley Centre Climate Model | England UKMO-HadCM3 3.80° x 2.50°
Institute Pierre Simon Laplace | France IPSL-CM5A-LR 1.89° x 3.75°
Center for Climate System Japan MIROC 3.2 (medres) |2.81° x 2.81°
Research (The University of

Tokyo), National Institute for

Environmental Studies, and

Frontier Research Center for

Global Change (JAMSTEC)

Max Planck Institute for Germany | MPI-ECHAMS 1.88° x 1.88°
Meteorology

250 and 600 km, which is still not suitable to conduct simulation of the regional
climate features required by hydrological and national scale impact studies [8, 38].
This necessitates downscaling GCM outputs, to transform their coarse scales to
finer scales [39], before they can be used in hydrological impact studies. In general,
two downscaling techniques can be applied: statistical and dynamical approaches.
Statistical approaches depend on building statistical relationships between large-
scale climate variables and regional climate variables [40] to efficiently downscale
the outputs GCMs to a finer time and spatial scale [39]. Dynamical downscaling
approaches, on the other hand, lead to regional climate models (RCMs) which have
finer resolution than GCMs, by considering physical and climate conditions of an
area such as clouds, orography, and volcanic eruption to reach a resolution ranges
between 1 and 50 km [41]. Table 3 shows some of the most popular RCMs that
covered the MENA region.

3.2 Emissions Scenarios

To study the possible impact of future CC, the IPCC proposed long-term emis-
sions scenarios for the twenty-first century (six scenarios, IS92A to F), which were
published in the supplementary report to IPCC [42]. These scenarios reflect a wide
range of assumptions that influence the future evolution of GHG emissions in the
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Table 3 Summary of the most common RCMs that covered the MENA region

Modeling centre GCM RCM Resolution (lon. x
lat.)
Swedish ICHEC-EC-EARTH SMHI-RCA4 0.44° x 0.44°

Meteorological and
Hydrological Institute

Max Planck Institute ICHEC-EC-EARTH MPI-CSC-REMO2009 | 0.44° x 0.44°
for Meteorology
Max Planck Institute MPI-M-MPI-ESM-LR | MPI-CSC-REMO2009 | 0.44° x 0.44°
for Meteorology
Swedish MOHC-HadGEM2-ES | SMHI-RCA4 0.44° x 0.44°
Meteorological and
Hydrological Institute
Swedish MPI-M-MPI-ESM-LR | SMHI-RCA4 0.44° x 0.44°
Meteorological and
Hydrological Institute
Canadian Centre for CCCma-CanESM2 CCCma-CanRCCM4 | 0.44° x 0.44°
Climate Modelling and
Analysis

absence of climate policies that have already been adopted subsequently. Then, the
[PCC developed different scenarios that were first published on Special Report on
Emissions Scenarios (SRES) in 2000, and then in the Fourth Assessment Report
(AR4) of TPCC [43]. The SRES consists of four storylines (Al, A2, B1, and B2),
which represent different demographic, social, economic, technological, and envi-
ronmental developments. The purpose of the SRES is to explore future development
in the global environment based on GHGs emissions.

A new set of four scenarios called the “Representative Concentration Pathways”
(RCPs) has been launched in the Fifth Assessment Report (ARS5) of IPCC [44].
RCPs are defined by estimated total radiative forcing at the end of the century (2100)
compared to the year 1750, which are 2.6 (RCP 2.6), 4.5 (RCP 4.5), 6.0 (RCP 6),
and 8.5 (RCP 8.5) W/m? [45], as shown in Table 4. The radiative forcing, defined as
the difference between sunlight absorbed by the earth and the radiant energy back
into space, causes the temperature to rise or fall and is measured in CO, equivalents
[46]. The four RCPs consist of a mitigation scenario (RCP 2.6) that leads to a low
forcing level, two equilibrium scenarios (RCP 4.5 and RCP 6), and the worst-case
scenario (RCP 8.5) with very high GHG emissions [44]. Therefore, the RCPs can
represent a range of climate policies during the twenty-first century, as compared
with the no-climate policy of the SRES [44]. These emission scenarios help current
understanding of possible future climate uncertainties, which could be useful for
mitigation and/or adaptation strategies to cope with CC effects.

The Shared Socioeconomic Pathways (SSPs) have recently been established to
provide a socio-economic dimension to the integrative work initiated by RCPs [47].
They include five scenarios (Fig. 5): sustainability, middle-of-the-road, regional
rivalry, fossil-fueled development, and inequality [47, 48]. It is worth mention that
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Table 4 Impact of different RCPs on both global temperature and sea level rise during twenty-first

century (Data source [44])

Scenario | Description

Global warming (°C) mean
and likely range

Global SLR (cm) mean
and likely range

2046-2065

2081-2100 | 2046-2065 | 2081-2100

RCP 8.5 | Rising radiative forcing 2.0 (1.4-2.6)
pathway leading to
8.5 W/m? (~1370 ppm CO,

equivalent) by 2100

3.7 (2.64.8) | 30 (22-38) | 63 (45-82)

RCP 6.0 | Stabilization without
overshoot pathway to
6.0 W/m? (~850 ppm CO;
equivalent) at stabilization

after 2100

1.3 (0.8-1.8)

22 (1.4-3.1) | 25 (18-32) | 48 (33-63)

RCP 4.5 | Stabilization without 1.4 (0.9-2.0)
overshoot pathway to

4.5 W/m? (~650 ppm CO,
equivalent) at stabilization

after 2100

1.8 (1.1-2.6) | 26 (19-33) | 47 (32-63)

RCP 2.6 | Peak in radiative forcing at | 1.0 (0.4-1.6)
~3 W/m?2 (~490 ppm CO,
equivalent) before 2100 and
then decline (the selected
pathway declines to

2.6 W/m? by 2100)

1.0 (0.3-1.7) |24 (17-32) | 40 (26-55)

SSP5: Fossil fueled
development

Rapid economic growth, free trade
fueled by carbon-intensive fuels
High technology development

Markets Clash of

ﬁ SSP3: Regional rivalry

* Competition among reg|ons

* Low technology development

* Environment and social goals not a
priority

* Low regard for gobal environment and fjrst civilisations :
SDGs * Focus on domestic resources
+ Technol fixes Low population and * High populatl_on growth .
high mobility * Slow economic growth dev. countries
S5P2:
Middle of the Road )
SSP1: Sustainability SSP4: Inequality
* Global cooperation * Inequality across and within
* Rapid technology dev. regions

Strong env. policy
* Low population growth
Declining inequity

o3
Focus on renewables & BE .EE

EEJ'EE.E
[ 5]

.

Challenge to mitigation

, 4w

Social cohesion degrades

Low technology development
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efficiency , * Limited trade
* Dietary shifts UN world Have's and
* Forest protection have not’s

Challenge to adaptation

Fig. 5 Summary of drivers under the different SSPs [49]
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the sixth assessment report of global warming by IPCC (due in 2021) will use these
scenarios.

4 Water Balance in Egypt in the Context of Climate Change

Egypt’s total water resources are 60 BCM/year according to the Egyptian Ministry
of Water Resources and Irrigation [50]. The Nile River provides 55.5 BCM/year
(93.7% of the total water resources) based on the Nile water-sharing agreement
between Sudan and Egypt in 1959. The rainfall contributes about 1.3 BCM/year
and the uses of deep groundwater and seawater desalination are around 2.1 and
0.35 BCM/year, respectively (Fig. 6). Meanwhile, the total water consumptions
are 80.25 BCM/year, divided as 61.1 BCM/year (76.1%) for the agriculture sector,
10.75 BCM/year (13.4%) for the domestic use, 5.4 BCM/year (6.7%) for the industry,
and 2.5 BCM/year (3.1%) losses due evaporation from water surface areas (Fig. 6).

Reuse of drainage water and taping from shallow groundwater of the Nile Delta
aquifer are closing the gap between demand and supply. This gap may intensify
under CC; and thus, understanding its impact on water balance parameters (input
and output) becomes essential for having a complete picture of the upcoming situ-
ation and help in planning and management of water resources for balancing water
demands. CC not only affect water resources but also water consumption. It may
impact Nile River flow, rainfall, groundwater recharge, agriculture water consump-
tion, evaporation from water surface areas (e.g., Lake Nasser), environmental needs
(e.g., maintaining the water quality of canals and lakes), municipal water needs, and
industry (e.g., cooling purposes).

Municipal Environmental needs  Evaporation from Rainfall Deep Gr dwater D ion
10.75 0.5 (0.62%) surface water areas 13 (2.2%) 2.1(3.54%) 0.35 (0.59%)
(13.40%) 2.5(3.11%)

Industry
5.4 (6.73%

o

Water Consumption = 80.25 Water Resources = 59.25 MCM/year
MCM/year

Fig. 6 Water resources and water consumption in Egypt (Data source [50])
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4.1 Rainfall

Egypt has recently experienced an increase in rainfall extremes, which in many
cases caused severe flooding, property damage, and many deaths in various regions
of Egypt [51, 52]. Thus, different studies have investigated the rainfall behavior in
the country (e.g., [52, 53]). The northern coast region has a relatively high annual
total rainfall, in contrast to the central and southern regions of the country, where
precipitation is sparce [15]. The rainy season runs from October to March, with
rainfall peaks from December to February [17]. The spatial variation of the average
annual total precipitation over Egypt is shown in Fig. 7.

Globally, the occurrence of severe rainfall events has increased, in line with rising
temperatures and atmospheric water vapor [8]. Accordingly, studying the changes in
rainfall patterns in Egypt is vital to developing adaptation and mitigation measures
for the potential CC impacts. However, research on this topic is still limited, and
nearly all researchers either used a few gauged sites or gridded data. For instance,
spatial trend patterns were investigated for gridded rainfall data for the period 1948—
2010 by Nashwan et al. [24], when no change was indicated in rainfall extremes.
Based on historical data at 31 gauged stations, Gado et al. [52] studied the variability
of rainfall indices to reveal the expected CC impacts on rainfall characteristics in
Egypt. Significant trends were detected in annual maximum precipitation (AMP),
annual total precipitation (ATP), annual number of rainy days (ANRD), and simple
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Fig. 7 Spatial distribution of mean annual precipitation in Egypt [15]
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Fig. 8 Spatial distribution of trends by Sen’s slope method in annual rainfall indices: AMP
(mm/decade), ATP (mm/decade), ANRD (day/decade), and SDII [mm/(day x decade)], for the
period (1990-2016) [52]

daily intensity index (SDII) at 29, 19, 13, and 19% of sites, respectively (Fig. 8).
Most of the detected trends were negative, which could lead to a decrease in the
amount of precipitation in Egypt. They recommended locating more stations, with a
recent common period of record, to have more reliable results of the possible effects
of CC on rainfall characteristics in Egypt.

4.2 Groundwater

Groundwater is an important source that attracts more attention nowadays due to the
limited surface water resources and increasing demands. There are six groundwater
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aquifers in Egypt (Fig. 9) including the Nile aquifer which accounts for 87% of the
country’s groundwater abstraction [12]. It recharges mainly from the infiltration of
irrigation networks and cultivated lands. Two third of the agricultural lands of Egypt
located in the Nile Delta [54] which is the terminal part of the Nile River and extends
around 240 km of Mediterranean coastline, from Alexandria to Port Said. About
50% of Egypt’s population density lives in the Nile Delta and depends mainly on
the agricultural sector, which represents about 15% of the Gross Domestic Product
(GDP) [55]. This increases the expected vulnerability to CC impacts, especially the
rise in the sea level.

The global sea level raised over the past 100 years by about 0.10-0.25 m due to
the increase of the global mean temperature [8]. By the year 2100, the sea level rise
(SLR) is predicted to be in the range of 0.18—0.59 m [8]. This will increase coastal
erosion, seawater intrusion, and flooding of wetlands and lowlands in the delta. Also,
it will have a significant impact on the availability of groundwater resources in coastal
plains and recharge and discharge patterns [56].

Given the importance of the Nile Delta, several studies have been conducted to
predict the SLR using different climate models. They predicted the range of the SLR
in the Delta for the coming 100 years between 0.30 and 1.50 m [57, 58]. From 1990
to 2016, Dawod et al. [59] found that SLR in the Delta region ranged from 2.6 to
4.3 mm/year. Other studies investigated the impact of SLR on the Nile Delta (Table 5)
and concluded that it will cause flooding and severe damage of lands, salinization in
the river, dramatic impacts on agriculture and economy. For instance, Nofal et al. [60]
investigated the impact of SLR on the Nile Delta aquifer at the coastal zone by testing
three scenarios of SLR (0.25, 0.5 and 1.0 m). They predicted a change in the aquifer
static head ranging from 0.1 to 0.5 m and defined the location where the salinity will
be changed (through seven km from the sea). Mabrouk et al. [61] assessed the impact
of both SLR and groundwater extraction on Nile Delta aquifer. A reduction of fresh
groundwater by 18.7% in 90 years is predicted for the extreme scenario with SLR
of 1.5 m and an increase in groundwater extraction to 12 BCM/year. Consequently,

Coastal Aquifer

Nile Aquifer

Moghra Aquifer

Karstified Carbonate Aquifer
Nubian Sandstone Aquifer
Fractured Rocks Aquifer

Q0000A

Fig. 9 Groundwater aquifers in Egypt [12]
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Table 5 Summary of recent studies on the impact of SLR on the Nile Delta aquifer in Egypt

Study Region Model Time scale | Future Main findings
scenarios
Nofal et al. 15 km Finite difference | 2011-2041 | SLR = 0.25, |Increase in
[60] along the flow and 0.5, and groundwater
sea from transport 1.0m head from 0.1 to
Ras El-Bar | simulation 0.5 m and
to Gamasa | model change in the
(SEAWAT) GW salinity at
7 km from the
sea
(southwards)
Attwa et al. Northeast 1D model 1983-2007 A dramatic
[62] Nile Delta | generation using increase of
(El Sharkia | a hybrid genetic saltwater
area) algorithm intrusion was
observed close
to the low-lying
coastal area of
El Manzala
Lake
Abd-Elhamid | Nile Delta | Coupled 100 years SLR =1m, |The
et al. [63] aquifer transient finite decline of combination of
element model piezometric | reduction in
(2D-FEST) head, and piezometric
combination | head due to over
SLR and pumping and
decline of SLR will cause
piezometric | an intrusion of
head 15 km
Nofal et al. Nile Delta | 3D regional 2013-2063 | SLR =0.5 The salinity of
[64] aquifer model by and I m groundwater in
SEAWAT the northern
(MODFLOW portion of
and MT3DMS) coastal aquifer
will be
increased from
10,000 to
18,000 ppm
Nofal et al. Western Numerical 1990-2100 | RCP 2.6, A shift of the
[65] Delta simulations RCP 8.5, and | fresh/saline
using the no SLR water interface
software of the Nile
ArcMap and Delta aquifer is
FeFlow expected by a

maximum from
43 to 57 km
covering an area
from 1980 to
2870 km?

(continued)
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Study Region Model Time scale | Future Main findings
scenarios
Mabrouk et al. | Nile Delta | 3D 2010-2100 | 6 scenarios of | The fresh water
[61] aquifer variable-density a will
groundwater combination | significantly
flow model and of SLR and | decrease by
salt transport by groundwater | 18.7% in
SEAWAT extraction 90 years,
rates according to the
extreme
scenario

adaptation measures should take place to reduce the possible threats of CC to the
groundwater in the Delta.

4.3 Evaporation and Evapotranspiration

The evaporation losses from open waterways and Lake Nasser were estimated to
be 2.5 and 10 BCM/year, respectively [50]. Several studies investigated the impact
of CC on the evaporation from Lake Nasser (e.g., [35]). El-Sawwaf et al. [66] and
El-Sawwaf and Willems [67] estimated the mean evaporation rate for Lake Nasser
to be 5.88 mm/day by analyzing 14 days periods from 1995 to 2004. Evaporation
from the lake is expected to increase by nearly 0.47, 0.88, and 1.66 km? for the years
2030, 2050, and 2100, respectively [68]. Badway [69] expected that the increase by
2050 will be 0.29% and can be neglected due to the increase in humidity and the
reduction in wind speed.

The consumptive use of agricultural lands through evapotranspiration is the largest
terms of outflow from the system [12]. However, the spatial variation of evapotranspi-
ration (ET) under the effect of CC was investigated in Egypt in a few studies, as shown
in Table 6. For instance, Khalil [70] applied the Penman—Monteith equation to esti-
mate the reference evapotranspiration (ET,) by using data from 20 stations in the Nile
valley and Delta. He employed the GCM (HadCM3) under the emission scenarios
IPCC SRES (A1, A2, B1, and B2) to predict ET,. The results showed significant
increases in evapotranspiration under the considered CC scenarios. Abdrabbo and
El-Afandi [71] compared between four ET methods (Blaney—Criddle, Hargreaves,
Thornthwaite, and FAO-56 Penman—Monteith) in three different regions (Nile Delta
in the north, middle, and Upper Egypt) under the different RCP scenarios. They
concluded that the Blaney—Criddle and Thornthwaite equations produced the lowest
ET, values compared to the Hargreaves and FAO-56 Penman—Monteith equations
under all RCPs. For the same three regions, Abdrabbo et al. [72] used the FAO-56
Penman—Monteith equation to project changes in evapotranspiration under the impact
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of the RCP scenarios. The results indicated that the annual ET would significantly
increase for all different zones by uneven values.

5 Climate Change Impacts on the Nile River Flow

The Nile River Basin (NRB) is one of the most complex basins worldwide, shared
by 11 countries (Fig. 10). It has an area of 2.9 M km? (10% of African conti-
nent landmass) and a living population of 190 million (25% of Africa population)
[74]. Nevertheless, due to the varying climate and topography, the river’s discharge
(0.98 1/s/km?) is the lowest compared with other rivers having similar basin area [75].
The available water resources governance is already under pressure and affected by
the social, political, and legislative conditions of the NRB. Despite the impacts of
CC, previous studies have concluded that population growth and land-use changes
may have the uppermost impact (e.g., [76, 77]).

As mentioned earlier, water has become a limiting factor for promising develop-
ment plans in Egypt, especially agriculture expansion. Most of the riparian countries
encounter development problems due to frequent events of floods and droughts.
Different water management policies are needed in NRB countries, depending on
the requirements for drought mitigation, crop irrigation, and hydropower. Thus, any
future changes in the Nile water (quantitative or qualitative) may have significant
impacts on water management strategies in NRB countries.

Some of the recent studies that investigated both existing and future impacts of
CC on NRB were reviewed in Table 7. These studies utilized different approaches
ranging from GCM outputs directly (e.g., [79]) to RCMs with statistical bias correc-
tion downscaling (e.g., [80, 81]). The studies can be classified into three types: (1)
evaluating the sensitivity of the Nile discharge to changes in climate variables, (2)
constructing the climate scenarios based on the outputs of GCMs, and (3) obtaining
more accurate results using downscaling techniques (statistical or dynamic).

5.1 Sensitivity Studies

The sensitivity of the Nile discharge to changes in temperature and precipitation has
been evaluated in various studies for the whole basin (e.g., [95]) and for different
sub-basins (e.g., [83, 86, 96]). First, Kite and Waititu [96] investigated the flow
of a tributary of Lake Victoria (Nzoia River) and indicated that a 10% increase in
precipitation resulted in a 40% increase in runoff. Sene [95] studied the whole basin
and indicated an increase of 4—7% inflows if the rainfall increased by 1%. Conway
and Hulme [83] assessed the sensitivity of runoff regarding changes in ET, and
precipitation and indicated that changes in temperature in the range of =1 °C cause
changes in ET, by +4%. They also concluded that changes in precipitation yielded
larger changes in the runoff than that of ET,. Sayed [86] indicated increases of the
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Table 7 Summary of recent studies on future projections of flows for the NRB

Study

Region

GCM/RCM

Scenario

Main findings

Strzepek et al.
[82]

Nile Basin

3 GCMs

A wide range of
changes in Nile
supply (=77 to +
30%)

Conway and
Hulme [83]

Nile Basin

3 GCMs

An increase in
rainfall in the Blue
Nile Basin (2%) and
the Equatorial
Lakes region (5%)
for 2025; changes in
mean annual Nile
flows for 2025 (-9
to +12%)

Yates and
Strzepek [84]

Nile Basin

5 GCMs

The basin was
highly sensitive to
climate fluctuations,
four of five GCMs
predicted
significantly larger
flows in equatorial
lakes

Strzepek et al.
[79]

Nile Basin

9 GCMs

Eight out of nine
scenarios showed a
tendency for lower
Nile flows

Tate et al. [85]

Lake Victoria

HadCM3 GCM

A2,B2

A reduction in
outflow of 2.6-4.2%
by the 2050s
followed by an
increase between
6.3 and 9.7% in the
2080s

Sayed [86]

Nile Basin

4 GCMs

An increase in
rainfall in the Blue
Nile (2-11%) and
the White Nile
(1-10%) for 2030.
The changes in
inflow to Lake
Nasser was (—14 to
32%)

Soliman et al.
[81]

Blue Nile

ECHAMS5 RCM

AlB

Future annual
increases in the
Blue Nile flow at
Diem of about 1.5%

(continued)
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Study

Region

GCM/RCM

Scenario

Main findings

Elshamy et al.
[87]

Nile Basin

3 GCMs

A2,B2

The uncertainty
across GCMs was
larger than that
across emission
scenarios especially
till 2050

Elshamy et al.
[88]

Blue Nile

17 GCMs

Al1B

—15to +14%
change in
precipitation

—15% mean change
in runoff

Beyene et al.
[35]

Ethiopian
Highlands

11 GCMs

A2, Bl

The Nile River flow
increased for the
period (2010-2039)
and decreased
during mid-
(2040-2069) and
late (2070-2099)
century

Nawaz et al. [89]

Upper Blue Nile

3 GCMs

A2,B2

An increased in
future mean flows,
but this would be
rather offset by
rising
evapotranspiration

Taye et al. [90]

Nyando River
and Lake Tana

17 GCMs

AlB, Bl

An increase in mean
runoff for Nyando
catchment for the
2050s

Chen et al. [91]

Sudan and
South Sudan

7 GCMs

SRA2

A decreasing (an
increasing) trend in
rainy (dry) season in
the future in Sudan.
An increasing trend
in most seasons in
South Sudan

Dile et al. [92]

Upper Blue Nile

HadCM3 GCM

A2,B2

An annual increase
in flow for the river
at the end of the
century

Gebre and
Ludwig [93]

Upper Blue Nile

5 GCMs

RCP 4.5, RCP
8.5

The average annual
runoff of the river
will significantly
increase in the
future

(continued)



36 T. A. Gado and D. E. El-Agha

Table 7 (continued)

Study Region GCM/RCM Scenario Main findings

Mekonnen and | Blue Nile 6 GCMs AlB, B1, A2 An increasing trend

Disse [94] for precipitation in
the range of
1.0-14.4%

outflow by about 5.7%, 34% and 32% of the whole basin, upper Blue Nile (BN),
and Atbara sub-basins, respectively, due to a 10% increase in rainfall. Contrary, a
reduction in rainfall by 10% would decrease the outflows by 24%, 24%, and 4% for
the Atabra, BN, and Lake Victoria sub-basins, respectively. He indicated that these
sub-basins are much more sensitive to climatic changes than Lake Victoria sub-
basin. The balance of these changes in Dongola results in an increase (a decrease)
in the mean annual flow of 30% (—25%) for a 10% increase (reduction) of rainfall
over the whole NRB due to the dominance of the flows of the Ethiopian plateau,
through Atbara and the BN. Therefore, the NRB is vulnerable to climate variations
and that would result in considerable impacts of its water resources [97]. Hence, it is
necessary to study the likely changes in water resources of the different sub-basins
and the basin under the changing climatic conditions.

5.2 Direct Use of GCMs Outputs

Using the results of three GCMs, Strzepek et al. [82] showed a very wide range of
changes in the Nile supply (—77 to 4+30%). Conway and Hulme [83] predicted an
increase in rainfall of 2% in the BN basin and 5% in the Equatorial Lakes region
for the 2025. They also concluded that changes in mean annual Nile flow for 2025
ranged between —9 and +12%. According to the 1959 Nile Waters Agreement, they
estimated a mean annual flow for the Egyptian Nile varying between 50 and 65 BCM,
compared to the current share of 55.5 BCM.

Yates and Strzepek [84] divided the NRB into 12 sub-catchments and assessed
potential CC impacts on Nile runoff using a monthly water balance model of the NRB.
They used mean monthly climate variables of precipitation, temperature, relative
humidity, and sunshine hours from five GCMs and showed that the basin was highly
sensitive to climate fluctuations. Considerably, larger flows in the equatorial lakes
indicated by four GCMs, whereas the results varied for the different GCMs in the
Ethiopian highlands of the BN and Atbara basins. Strzepek et al. [79] showed a
propensity for lower Nile flows, in contrast to the results of their earlier study. Using
a macro-scale hydrological model fed by GCMs data (HadCM2 and HadCM3),
Arnell [98] showed that precipitation will generally increase over the NRB but the
resulting increase in runoff will be offset by increases in evaporation losses due to
temperature rise. Thus, he expected a little change in the mean Nile flows by 2050.
Sayed [86] used four GCMs and concluded that the increase in rainfall in the BN and
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the White Nile would be 2—11% and 1-10%, respectively, in 2030, and the associated
flow changes in Lake Nasser ranged from —14 to 32%.

In the Ethiopian Highlands, the potential impact of CC on the hydrological
extremes was investigated in the catchments of the Nyando River and Lake Tana
[90], which are located in two NRB source regions. They used 17 GCMs to produce
CC scenarios for rainfall and potential evapotranspiration and applied two concep-
tual hydrological models to predict runoff changes for two scenarios (A1B and B1)
for the 2050s. The results revealed increasing mean runoff and peak flows of the
Nyando catchment, in contrast to the catchment of Lake Tana where no trend of such
flows observed. For Lake Victoria, Tate et al. [85] used two GCMs and showed a
reduction in the outflow of 2.6-4.2% by the 2050s and then an increase of 6.3-9.7%
in the 2080s compared by 1961-90 as a baseline.

5.3 Downscaling Techniques of GCMs

The statistical downscaling approach was applied to the main Nile flow in Dongola
[87] and the BN flow in Diem [89]. Both studies downscaled the coarse spatial
resolution outputs from three GCMs, representing two scenarios, into fine resolution.
Although their results differed for both the main Nile and the BN, they concluded
that the uncertainty through general circulation models was greater than that of future
scenarios (Fig. 11). In another study, a bias-correction approach was applied to the
simulations of 17 GCMs, using the A1B emission scenario, in the upper BN at Diem
station [88]. The results revealed that the changes in the total annual precipitation
ranged from —15 to +14%, while the predicted annual flow at the station declined
by 15%.

In Ethiopia, changes in precipitation were assessed by Beyene et al. [35], using
bias-corrected data from 11 GCMs. Although the Nile flow is expected to increase
during the period (2010-2039), the results also revealed that the flow would decline
afterward due to increased evaporation and lower precipitation. To evaluate CC
impacts of the Upper Blue Nile Basin (UBNB), Gebre and Ludwig [93] applied
five adjusted GCMs for two scenarios (RCP 4.5 and 8.5) and indicated that the
average annual runoff of the river would increase significantly in the future. Recently,
Mekonnen and Disse [94] downscaled the outputs from six GCMs of the UBNB,
considering three scenarios (A1B, B1, and A2), where four GCMs reported an
increasing trend for precipitation in the range of 1.0-14.4% (Fig. 12).

The first study to apply the RCM in NRB was probably the study of Mohamed et al.
[99], who assessed the impact of the Sudd wetlands on the hydroclimatology of the
Nile. Following, some studies utilized different RCMs to investigate the hydrological
response to climate change in BN (e.g., [81, 100]). Soliman et al. [§1] used ECHAMS
RCM for the A1B scenario and revealed prospective annual increases in BN flow in
Diem of nearly 1.5%. Although the increase in flow was expected to be greater at
the start of the flood season, a decrease in flow was also predicted at the end of the
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Fig. 12 Relative change of mean annual precipitation from six GCMs of Upper Blue Nile Basin
compared from the reference period of 1948-2011 [94]

rainy season and in the dry season. The results of these studies lead to a wide range
of uncertainties about flow projections for the NRB.
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6 Climate Change Adaptation Measures in Egypt

The challenge of climate change can be addressed in two ways: mitigation and adap-
tation. The idea of mitigation is to tackle the problem’s roots by reducing, or even
stabilizing, GHGs concentrations in the atmosphere. Unfortunately, the international
efforts to mitigation by controlling greenhouse emissions have had limited success.
On the other hand, adaptation can be defined as initiatives and measures to decrease
ecosystems’ vulnerability to the current and prospective impacts of CC [101]. Adap-
tation has two main goals: reducing the adverse impacts of CC and taking advantage
of any potential beneficial effects [8]. A wide variety of adaptation options for both
supply and demand sides have been listed in the literature (e.g., [102]). Although the
high cost of mitigation and adaptation impedes the implementation of the measures
required, especially in developing countries, Egypt must prepare for the unavoidable
risks expected from CC through a robust adaptation policy, as proposed here.

As mentioned earlier, the uncertainty in determining the direction and value of CC
impact on the Nile flow is rather high, which requires higher flexibility operation and
management of the water resources system. For Egypt, the increases in the flow are
of course better than the reductions, as the High Aswan Dam (HAD) allows Egypt
to exploit any benefits from the increases in the Nile River flows for both irrigation
and hydropower, but the situation will be critical if the flow decreases. Egypt could
adapt to a less 15% reduction in Nile flows; otherwise, it would have severe social
and economic impacts [103]. To accommodate current and future climate variability,
the current operating rules need to be adaptive to such changes to reduce the risks
of both flood and drought, which requires a robust management policy for the HAD
and Lake Nasser.

The Ministry of Water Resources and Irrigation in Egypt (MWRI) has launched
an integrated national water resources plane for the year 2037 (NWRP 2037), which
includes coordination between nine ministries with the aim of improving planning
and implementation of integrated water resources management, increasing the avail-
ability of fresh water, improving water quality, and enhancing water use management
[50]. The NWRP 2037 included three main pillars for the CC adaptation measures
[104]. First, the MWRI planned to achieve optimal use of available resources by
improving the irrigation system, applying modern irrigation systems (drip, sprin-
kler, etc.), changing cropping pattern by growing tolerant and short duration crops,
promoting water-saving technologies in the domestic and industrial sectors, expand
the reuse of treated wastewater, and studying alternative operations of HAD. Second,
developing water resources would be through adding more conventional and non-
conventional resources through continuing the collaboration with riparian states of
the NRB, developing deep groundwater, rainfall harvesting, desalination of seawater
and brackish groundwater, and increasing pumping from shallow groundwater. Third,
the water quality improvement will be achieved through monitoring and preventing
pollution from industries activities and promote treatment of effluents, control-
ling the use of agriculture pesticides and fertilizers and promoting environmentally
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friendly and organic agriculture practices, expand wastewater treatment and sani-
tation services, initiate cost recovery for drinking water and sanitary services, and
protect wells from pollution.

Two main approaches to flood risk adaptation are available: (1) operating HAD
at lower levels to allow more room to receive higher floods and (2) constructing
additional storage structures upstream HAD to reduce the risk of dam overtopping.
In addition, MWRI is working to implement a plan to rehabilitate and replace major
regulators on the Nile, such as New Esna, Naga Hammadi, Assiut Barrages, and the
current Dairout group of regulators. Also, several flood protection projects are being
implemented in the Nile Delta region (e.g., Rosetta Branch, Baltim, Ras El Bar, and
Alexandria, and Northern Lakes) [105].

In Egypt, several studies have recently been conducted on CC adaptation. Blanken
[106] provided a systematic overview of the CC impact and adaptation measures
based on the initial national communication reports [107-109] for water resources
and agricultural sectors. SNC [109] categorized key adaptation measures for the
water resources sector to adapt to uncertainty, adapt to a possible increase in flow,
adequately confront reductions in flow, develop new water resources, and finally
adapt to soft intervention measures. Nour El-Din [110] commented that most of these
adaptation measures are general, not quantified, and unrealistic, such as the proposal
to increase the Nile flow, which ignores the current promising development plans
for upstream countries. Based on the fuzzy logic theory, Batisha [111] proposed a
decision support model to assess measures to adapt to sea-level rise in the Nile Delta.
Nofal et al. [60] evaluated the mitigation measures for three scenarios of SLR for
the coastal region of the Nile Delta. They suggested artificial recharge to the Nile
Agquifer through injection wells, implementing impervious barriers, and limiting the
abstraction of groundwater in the northern part of the Nile Delta.

7 Conclusions and Recommendations

Recent studies of the water balance in Egypt emphasized that any reduction in water
resources, due to CC, can have serious concerns in the agriculture sector, the main
consumer (85%) of water resources, which will affect livelihoods and economy.
This chapter focused on the Nile water resources, SLR, groundwater, precipitation,
evaporation, evapotranspiration, and temperature to examine their vulnerability to
CC.

Rainfall patterns and evaporation rates over the NRB are among the main factors
that effectively affect Egypt’s water resources. Therefore, CC impact studies for
the NRB and Egypt were reviewed and discussed in this chapter to provide useful
literature for future studies in Egypt. There is a consensus among the regional climate
projections performed in the literature indicating a general increase in precipitation
during the main rainy season in the Ethiopian Plateau, where the source of both
the BN and the Atbara River (the main source of freshwater in Egypt). For other
seasons, no significant model agreement was found. For the Nile Equatorial Lakes
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region, however, most of the models indicate a significant drying during the summer
and a general increase in precipitation during the winter. Furthermore, most studies
concluded that the uncertainties in predicting CC impacts on the Nile flows are very
high, which complicates the proposed plans of water resources in the basin countries.

For precipitation in Egypt, most studies have identified significant decreasing
trends in some locations, in contrast to the temperatures that will witness a certain
increase due to CC. This will significantly increase evapotranspiration under the
different CC scenarios, as investigated by limited studies. For groundwater, recent
studies concluded that SLR will cause severe problems in coastal areas (e.g., inun-
dation of lowlands, seawater intrusion, and coastal erosion), which may negatively
affect the quantity and quality of groundwater resources.

To address water related problems in Egypt due to CC, the following recommen-
dations are suggested based on the present study:

1.  Improvement of the existing planning and hydrologic methodologies to deal

with the significant uncertainties involved in predicting future CC impacts.

2. Encouraging data exchange between NRB countries.

Improving networks of precipitation gauged stations in NRB countries (e.g.,

early warning systems).

Considering climate change effects in national projects.

Rehabilitation of canals and drains and maintenance of hydraulic structures.

Using advanced irrigation networks instead of traditional ones.

Improvement of the distribution systems for municipal and industrial water

use.

8.  Implementation of rainwater harvesting that includes recharge wells in urban
areas and low-cost techniques on the north coast to assist rain-fed agriculture.

9. Researching for new technologies of water desalination to reduce costs.

10.  Strengthen the capacity building of the institutions working on studying CC
and its impacts.

11. Involving Stakeholders in adaptation planning.

12.  Exploring the vulnerability of both structural and non-structural water systems
to possible future CC.

13.  Co-operation between the water authorities and scientific communities to help
in exchanging information on the state-of-the-art on CC and its impact on
water resources.

14. Public awareness campaigns.

15. Enforcing environmental laws.

(O8]

Nk

8 Recommendations for Future Studies

The following are suggestions for possible future research related to climate change
impacts on water resources in Egypt:
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Evaluating the updated IPCC scenarios to have a comprehensive assessment of
CC impacts on different hydrometeorological processes (e.g., evapotranspira-
tion and precipitation) in Egypt.

Updating Regional Climate Models capable of predicting the impact of CC on
the local (Egypt) and regional (NRB) water resources.

Studying the basic characteristics of stream networks that contribute to flash
floods by using advanced tools (e.g., GIS and remote sensing).

Investigating the impact of change in both land use and climate on hydrological
processes and water resources.

Conducting comprehensive research on the joint impact of CC and new water
projects on the water resources of the BN.

Assessing CC impacts on food security, energy, and water resources.
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Decentralized Wastewater Treatment )
Using Biofilm Technologies as Cost L
Effective Applications

Case Studies—MENA Region

Noama Shareef

Abstract This study was conducted to demonstrate and evaluate the economic
effects of biofilm application in municipal wastewater treatment in the MENA region.
These wastewater treatment pilots were designed and operated of different Biofilm
application in tow MENA countries (Tunis and Jordan) as decentralized wastewater
treatment applications in small communities. A submerged fixed biofilm was utilized
in Tunis, as the first pilot in this study, in the aerobic biological reactor (SFBB) and
the moving bed process in an anaerobic denitrification reactor has been designed to
treat municipal wastewater treatment for a small community 200 PE. This applica-
tion aims to achieve full treatment and high-quality outlet before discharge into water
bodies. This was requested to protect the Mediterranean Sea including reuse options
in agriculture. While the second pilot plant was implemented in Jordan and designed
as two Modified Septic Tanks to treat municipal wastewater just to secondary treat-
ment level for reuse in agriculture and to test the biofilm efficiency treatment. Septic
Tanks were operated in two systems (suspended and attached growth bacteria). The
two pilot plants in (Tunis and Jordan) were implemented, tested, and evaluated as part
of different research projects focused on low-cost treatment due to reducing energy
requirements by using biofilm technologies. High removal of the organic load was
achieved in both systems pilot plants in Tunis and Jordan. Effluent BODS concentra-
tion was found to be less than 10 mg/1 for the pilot in Tunis and 15 mg/1 for the pilot
plant in Jordan, high nitrogen removal for more than 95% in Pilot-Tunis but it was at
alower rate in Pilot-Jordan as well as Escherishia coli removal, nitrifications, denitri-
fication were achieved in a high rate both Pilots. The application of different biofilm
system technologies at the two pilots were proved to be a cost-effective technology
with low energy consumption, low-cost implementation, and O&M requirements.
Therefore, the Effluent quality met secondary wastewater quality criteria as well as
WHO Guide and local standards for wastewater reuse in agriculture.

Keywords Biofilm technologies - Onsite decentralized wastewater treatment -
Septic tank - Aerobic + Anaerobic - Bacteria suspended/attached - Submerged
fixed film - Moving bed - Hybrid-reactor
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1 Introduction

Centralized wastewater management faced many challenges as high-cost collection
and treatment system due to many factors like the high cost of intensive operation,
using high-tech and costly investment in maintenance [1, 2].

In small communities, a decentralized wastewater treatment management
DWWM as a solution for rural and small communities is needed to avoid the chal-
lenges of a centralized system [3, 4]. Therefore, supporting wastewater activates
and services management in rural areas addresses serious concerns accordingly to
water scarcity, protecting the environment from pollution, and public health. More-
over, the application of decentralized wastewater treatment technologies has been
recognized as a cost-effective solution [5, 6]. However, a long time ago, Biofilms
technologies were used in wastewater treatment plants, to degrade organic particles
also to improve the nitrification and denitrification processes in wastewater treat-
ment units. Different fixed growth biofilm reactors are commercially used for the
treatment of municipal as well as industrial wastewater. Therefore, the awareness
of biofilms has increased enormously in recent years due to the impact of biofilms
on natural and industrial systems, as well as human health. Biofilm technologies are
used widely to develop decentralized wastewater technologies which conceders in
many applications as cost-effective solutions for rural-small communities [6-8].

Biofilm processes require less space as they keep consistently the active sludge
concentration in the biological reactor at a high level [9]. Biofilm processes do not
need sludge recirculation thus making the biological treatment process independent
from sedimentation tank performance and sludge characteristics. This is especially
of great importance for applications where the type of waste implies the risk of
high sludge volume indices. The increase of the demands on efficiency and cost of
wastewater treatment leads to new interest in biofilm technology which leads to an
important positive impact that can affect the treatment cost, operation, and treatment
efficiency in several countries in the region. The analysis of the incremental scenarios
has shown that the change in precipitation and temperature will highly affect the
amounts of monthly surface runoff and the mean annual temperature increased by 1,
2,3, and 4 °C [10].

This chapter gives some experience about the application of several Biofilm tech-
nologies in the MENA region like submerged fixed-film, Moving bed, and MBBR
technologies as a good example of a biofilm system applications in arid to semi-arid
areas with several specifications as hot weather, high organic load, and other related
factors effects. As shown in some studies on Innovations in wastewater applications
in Jordan in adaption to climate change [11].

The aim of this chapter: Decentralized wastewater treatment by using Biofilm
technologies is to give an overview of these technologies and its environmental
economics applications. Furthermore, to demonstrate the application of several
wastewater treatment technologies with the high-efficiency treatment of municipal
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wastewater in small and large scale using biofilm systems with respect to the appli-
cation of low-cost wastewater treatment also to reuse the treated wastewater for
irrigation purpose as successful case studies from the MENA region.

2 Overviews of Wastewater Treatment

Wastewater treatment used to remove pollutions from wastewater like organic and
non-organic matters in wastewater treatment plants to the recycle level and reused
it again for various purposes like irrigation, recharge the groundwater ... etc. Many
factors related to Wastewater and climate change have to be taken into consideration
during the above treatment stages and processes [12]. The temperature, season, and
type of wastewater can drastically affect wastewater treatment factors. For example,
the discharge of treated wastewater affects the treatment stages and level, in addition,
it affects the treatment cost. If the treated wastewater is to discharge into water bodies,
the biological and chemical load has to be less than its disagree for reuse purposes in
agriculture. Wastewater treatment stages are divided normally between three main
stages, which are needed according to the treatment levels and discharge. These main
stages are preliminary and primary treatment, secondary treatment, and advanced
treatment. Every stage has different treatment process, by chemical, Physical and
mechanical treatment process in the primary treatment stage the majority of the solids,
organic and inorganic material are removed [8, 12]. The sedimentation process is used
to remove solids, while grease, fat, and oil are removed by the skimming process.
The reduction of (BOD) biochemical oxygen demand is between 25 and 50%, and
Approximately 50-70% of (SS) total suspended solids reduction, while the reduction
of oil and greases up to 65% during primary treatment stage in wastewater treatment
plant” [13].

Secondary treatment of wastewater uses microorganisms that break down the
organic in wastewater and remove any organic compounds. The biological treatment
process in this stage, simulates exactly the natural process as it happens in the nature.
Biofilm treatment system is one of many approaches that can be used as biological
treatment technology in this stage: Submerged fixed film system, as a biofilm system
where attached microorganisms grow directly on the surfaces of several types of filter
media (Rock, Sand, Plastic, textile ... etc.) to create a thin biofilm. In this stage, the
treatment process accrues by feeding off the wastewater including its concentration
of organic matter and nutrients that flow over the media and the biofilm [14]. While
advanced wastewater treatment used to remove pollutions like color, odor, and taste.
It refers to all process treatment are used to increase the wastewater quality obtained
from other stages primary and secondary treatments before discharge it to water
bodies, because it needs an advanced treatment level. A combination of treatment
techniques is usually used as an advanced stage for treatment such as UV disinfection,
ozonation, and chlorination [15].
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2.1 Biofilm Treatment Process

Biofilms technologies are used in wastewater treatment plants, for a very long time,
to remove organic compounds and to improve the treatment process producing high
nitrification and denitrification levels. Attached bacteria grows on the filter media
as a thin biofilm to break down the organic waste to carbon dioxide and water and
new biomass. Oxygen diffusion is limited to the upper biofilm layer; lower layers are
anoxic or even anaerobic. Many factors are effects the treatment process like biofilm
thickness, wastewater load, oxygen diffusion ... etc.

Thin biofilm is more active than thick biofilm, because, anaerobic treatment
process in absence of oxygen will happened near the surface of the surface media;
this builds a problem in the capacity treatment and decrease the treatment efficiency.

Deferent microorganisms created on the media surface to break down the organic
matters by the contact between the microorganisms and wastewater. Throw the MSU
[16], Fig. 1 shows the combined aerobic and anaerobic biofilm processes.

Where a combination of moisture and nutrients exists on a media surface, it is
likely to find a biofilm there. Biofilms can grow on any natural materials above and
below ground, on any materials like: Rock, Sand, metals, plastics, medical implant
materials, and plant and body tissue. Over time, a biofilm in the appropriate envi-
ronment will grow and become strongly attached to the media surface to live on it
[17].

Microbial biofilms behavior is naturally tolerant of antibiotic doses up to 1000
times greater than doses that kill free-swimming, planktonic bacteria [16].

Water phase Bioﬁlm_

Support media

Air 0,

Aerobic / An;kmcmnom

Fig. 1 Combined aerobic and anaerobic biofilm processes
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2.1.1 Aerobic Decomposition of Typical Organic Compounds

Decomposition is an aerobic biological process, of degradation of organic matter
which is easily degradable by different microorganisms in the presence of oxygen
like Organic matter degradation and nitrification.

Organic Matter Degradation

Organic matter degradation is the first stage that simulates the natural process as it
happens normally in nature when microorganisms break down organic matters [12].

averaged composition of organic matter

A

a N\

C1eH 190N +17.5 O, + H* — 18 CO, + 8 H,O + NH,,
Y )

degradation of organic matter needs oxygen

loss of mass

Nitrification (Aerobic Process)

Nitrification is a biological treatment process carried out by microorganism or
ammonia-oxidizing bacteria (AOB). This anaerobic biological process converts the
organic nitrogen into nitrate-nitrogen in 2 steps. Nitrification is a common method
used for the removal of ammonia nitrogen in the wastewater treatment plant. Nitri-
fication occurs in tow steps oxidation reactions, the first step the ammonia oxidizes
into nitrites in presence of oxygen, whereby nitrites get oxidized into nitrates as a
second step shown by the half equations below: Nitrification is the oxidation of TKN
to NOs in 2 steps: All nitrification process

NH] + 1.50, — NO, + H,0 + H"

NO; + 0.5 0, — NO;

Nitrification is affected by wastewater temperature, for example: with a drop in
temperature from 20 to 15 °C resulting in a drop in nitrification effectiveness of 35%
[18].
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2.1.2 Anaerobic Decomposition of Typical Organic Compounds

An anaerobic biological treatment is a partial conversion of organic matters into
simpler organic compounds.

Denitrification (Anaerobic Process)

Denitrification is an anaerobic biological process that uses different microorganisms
to convert nitrite and nitrate to elemental nitrogen. It is an anoxic process, it takes
place in the absence of oxygen; and heterotrophic processes, requiring organic carbon
for cell synthesis and energy generation [19]. Therefor the Denitrification process is
converted of 2NOj3 to N, plus 30, in absence of Oxygen:

2NOj3 +2H'" — N; + H,0 + 2.50,

2.2 Design Features

Biofilm technologies are designed usually based on the specific surface area of the
media filter, organic loading rate (gzBOD or COD/m?/day), therefore the size of the
carrier media is not be significant as long as the effective surface area is the same.
Biofilm application technologies in municipal and industrial wastewater indicate that
high-efficiency wastewater treatment can be used to remove soluble BOD in high
organic loading rates also improve biological treatment process as Nitrification and
denitrification. Organic loading rate in wastewater is defined as the concentration
of soluble and particulate organic matter. It is typically expressed as organic load
rate BOD per unit area which has to be removed by the treatment process, as organic
matter BOD5/m?/day [20]. Therefore, the biofilm reactor volume calculation depends
on the organic load, specific surface area, and wastewater inflow as in the quotation
below.

Q(m’/day) * BOD(g/m’)

OSLR = 3 3
Vfilter (m ) * Aspecific(m /m )

Control of organic loading can be accomplished by pre-treatment to reduce the
BOD and TSS concentrations or by increasing the size of the infiltration area to
reduce the mass loading per unit area. There are two methods of degradation of
organic compounds. The design of most selected case studies in this chapter was to
make sure that the reliable operation of the plant does not need highly experienced
personnel.
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2.3 Biofilm Application Area

2.3.1 Municipal Wastewater Treatment

The media material of biofilm technologies can be designed to meet a large specific
contact area, which increases the treatment efficiency. Therefore, this kind of
treatment process is an ideal process to achieve full secondary treatment. These
technologies also are applicable as a cost-effective solution for wastewater treatment.

Bio-film technologies required a very good pre-treatment to decrease the load
before it comes into biofilm where the capacity of existing biofilm has to be increased.
However, the special treatment process leads the water quality to meet new standards
dictated by legislation [21]. The Plastic biofilm-media range enables wastewater
treatment plants by this system to increase treatment efficiency be to meet future
needs with low-costs and disruptions to the treatment capacity.

2.3.2 Industrial Wastewater Treatment

Industrial wastewater mainly has a variable quantity and quality, it is characterized by
special load degree depending on the type of industry producing it, may it includes
organic matters easy or complex with different loads, or heavy metals and toxic
matters, as the case in many developing countries. The main issue for industrial
wastewater is increasing wastewater volume production which may including a high
load of synthetic compounds to be directly discharged in nature. Special features
like (temperature, different organic load, different PH levels, and Salinity) can be
affected the treatment process. Biofilm system is utilizing to treat different types
of industrial wastewater with diffrent loads and PH levels to produce high quality
effluent. A temperature reduction of the industrial wastewater through the biofilter
treatment process is often an additional effect [22].

3 Implementation of Biofilm Technologies (Successful Case
Studies)

The implementing of biofilm technologies as (submerged fixed film, moving bed,
MBBR ... etc.) has been considered to use for BOD reduction, good nitrification in
aerobic stages and improve the denitrification efficiency in consideration with the
climate change effects at the implementation area.
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3.1 Case Study: Small Municipal Wastewater Treatment Unit
Jor 200 PE (Application in Tunis)

Aerated Submerged Fixed Biofilm Bed (SFBB) reactors work on the basis of
biofilms attached to monolithic plastic supports. Mixing and transport processes
within the fixed media are achieved by the aeration in aerobic systems (oxidation
of organic compounds and nitrification). Although simultaneous denitrification has
been reported by some authors, anoxic conditions cannot be realized in aerated
systems.

This study presented a small size, easy to handle wastewater treatment in a
compact unit which has been designed and developed primarily for MENA countries.
This pilot was implemented in Tunis for municipal wastewater treatment of small
community 200 PE and to demonstrate a full treatment efficiency for reuse including
discharge in water bodies.

It is an important solution to protect the Mediterranean Sea in such tourist areas
including the possibility of reuse. Therefore, this study demonstrates a new concept
of decentralized wastewater treatment pilot plant by using biofilm technologies:
Submerged fixed biofilm in aerobic nitrification reactor and moving bed in anaerobic
denitrification reactor. This kind of small treatment unit by using a simple design
makes sure that the reliable operation of the plant does not need experienced personnel
so it can be operated simply by the owner or any person with normal knowledge.
Figure 2 presents the schematic design concept of reactors.

The pilot plant was designed and tested for wastewater with nitrogen input
concentrations of 100 mg/1 and higher as it is frequent in arid countries.

Basic Design Data

Unit capacity: 200 PE (Population Equivalent)

Influent Sludge

processing

?

Screened matter Excess sludge Effluent

Air-flushed Intermediate Final settling
Denitrification screen C-removal settling (tube Nitrification
> | | (tube settlers
(MBDR) > > (SFBBR) settlers) (SFBBR) ( )
1 t i
Air supply Air supply
Recycle line

Fig. 2 Displays the flow scheme of the treatment plant 2H-water technologies solution
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Specific wastewater load: 20-40 m3/d
BODS load, daily average: 20 kg/d.

Target Quality of Treated Wastewater

BODS concentration: < 10 mg/1
COD concentration: <100 mg/1
TSS concentration: <25 mg/1
NH4-concentration: <2 mg N/1
NO;-concentration: <10 mg N/1.

Table 1 shows that each compact system (Submerged Fixed Film for nitrification
and moving bed for denitrification), was generally used by 2 h GmbH for such
applicable technologies, this step is designed as a tailor-made design to favour the
growth of specialized bacteria. These specialized bacteria are kept on its place and
supplied with its individual needs of oxygen and nutrients.

The plastic foils for the bio-filter media are normally produced using the very
specific system for extruding the Polypropylene polymer and directly forming the
molten mass into the corrugated foils. The polypropylene polymer material shall
be specially formulated for optimum UV stability like the patented 2H Kunststoff
GmbH system. A plastic component applied in the experimental above WWTP is
presented in Fig. 3.

Table 1 Design data for the projected wastewater plant 2 h GmbH

Unit gBOD/m?/d | gNO3-N/m2/d | gNH4-N/m?/d | Applied surface (m?)
Denitrification 3.5 1.0 - 834
C-removal 9.0 - - 770
Nitrification - - 1.2 2082

Max. flow Tube volume | Proj. surface Surface load

m3/h m3 m? m3/m?/h
Intermediate settling | 7.6 2.53 13.7 0.55
Final settling 2.1 0.76 6.6 0.32

¥ B 40

a) Bio carriers

b) Structured

media

c) Tube settler

module

d) Tube settler
geometry

Fig. 3 Plastic components applied in the experimental WWTP (2H Kunststoff GmbH) Germany
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3.1.1 Results and Analysis

N. Shareef

The treated municipal wastewater in the compact unit in Tunis by using both biofilm
technologies (Submerged fixed-film for an aerobic reactor. and Moving bed for anaer-
obic denitrification stage), shows high treatment efficiency in final plant outlet (BODS5
<10 mg/l, COD <100 mg/1, TSS: <25 mg/l, NH;~: <2 mgN/l, NO3 <10 mgN/).

First results of the demonstration plant shows that: halving the loads does not
have any effect on mining performance in the load case of this study also during the
starting an operation time the COD degrad > 80%, NH,-N degradation almost 100%),
and low COD degradation after changing the operating system, Fig. 4.

COD- and NH,-N-reduction at Pilot -WWTP

C——

X
% e=@=s NH4-N
o
5
© Test 1: Test 2: Test 3:
§ 40 Inf:lm’/}h Ll \n:lmz/ll In: 0,5 m3/h h 4
8 Re.: 2,5 m3/h Re.: 1,75 m3*/h Re.: 1,75 m*/h
) COD =476,4 COD =348,8 mg/| COD =187.2 /h
x 20 mg/h NH,-N = 42,25 =-e/,2 Ma

NH,-N = 51,3 me/h NH,-N = 21,5 mg/h

05 T : T : :
0 20 40 60 80 100

Test Period/ Days

Fig. 4 COD- and NHy4-N reduction at the pilot plant during the operation phase
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Fig. 5 Reduction of TOC and N-total during the operation phase
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Figure 5 shows a high reduction of TOC and N-Total during the first operation
phase of the pilot plant which is improved during the operation phases.

Figures 6,7, and 8 also show the high process eliminations of biofilm technology
applications (Submerged fixed-film for the aerobic reactor. and Moving bed for
anaerobic denitrification stage) and therefore wastewater treatment efficiency.

COD Elimination (FB 33.07; 140 m*m?)
18.00 -
16.00 -
14.00 -
12.00 -
10.00 -
8.00 -
6.00 -
4.00 -
2.00 A
0.00 T T T T |
10.00 12.00 14.00 16.00 18.00 20.00

COD-loading (gCOD/m?d)

y=0.9015x
R? = 0.9584

COD-removal (gCOD/m?/d)

Fig. 6 COD-loading rates versus COD elimination per surface unit

NH4-N Elimination (FB 12/19; 190 m*/m?)

g i

5 Th0 y = 0.8964x
D 080 - R2=0.994
o "%

3 060 1 ¢ Ammonia-

3 reduction

2

® Nitrate buildup

Ammonia reduction & nitrate

0.00 0.50 1.00 1.50
Ammonia loading (gNH4-N/m?/d)

Fig. 7 Ammonia-reduction and nitrate build-up in the nitrification reactor
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Denitrification efficiency vs. Oxygen concentration
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Fig. 8 Denitrification versus oxygen concentration

3.1.2 Economic Aspect

The comparison between the application of the above treatment concept and the
activated sludge treatment system for the same 200 PE small unit shows reduction
of about 50% of tanks volumes in the system by using the Biofilm concept taking
into consideration using lamellar settler in the sedimentation stages.

Therefore, and according to the treatment evaluation, the application of Biofilm
technologies by using plastic media showed a clear improvement in the system
performance. This study revealed the using (Submerged fixed-film for the aerobic
reactor. and Moving bed for anaerobic denitrification stage) can be used as a cost-
effective system due to its low energy consumption which leads to low-cost treatment
applications.

3.2 Case Study 2: Optimization of Modified Septic Tank
Wastewater Treatment Performance for Small Scale
(Application in Jordan)

An Application of Biofilm system at Modification septic tank for municipal wastew-
ater treatment in Jordan shows a good treatment efficiency of BOD reduction, good
nitrification and denitrification performance.

Two Modified Septic Tanks with dual operational conditions for the anaerobic
stage and aerobic stage have been implemented and designed, and operated in parallel
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Ar bi Aerobic
Raw Wastewater [ 2o 1 I Treated Wastewater

j

I Aer;tion
Return Sludge

Fig. 9 Schematic diagram modified septic tank—SMART project—Jordan

at the Al Fuhies demonstration site of the SMART (Sustainable Management of
Available Water Resources with Innovative Technologies) as one of a potential decen-
tralized system that can be used for the onsite treatment of local domestic wastewater
in Jordan [5, 23, 24].

The aim of this research study is to check the treatment effect of biofilm plastic
media application and its treatment efficiency. To compare the attached growth
system (effect of fixed biofilm) to the conventional suspended growth system in
treatment efficiency, some tested under several hydraulic loads were tested online.
Septic tank is the primary settlement tank and anaerobic reactor as in Fig. 9. Influ-
ential sewage depends through concrete splash baffle and is scattered on the surface
of the tank’s content disturbing the scum layer and settled sludge.

Each modified septic tank technology suspended growth system (BS), and
attached growth system (BA) was utilized and implemented as one anaerobic reactor
as the first chamber, and followed by aerobic reactor process, SMART [11, 23].
The anaerobic chamber was designed to be very similar to the traditional septic
tank in general, where treated wastewater flows from the first anaerobic part to the
aerobic part without pumping (by gravity), for the further treatment process. The
Septic tank working by Attached bacteria process (BA) is implemented to be filled
with submerged fixed-film plastic media in anaerobic and aerobic chambers to check
the treatment efficiency in both and to test the effect of fixed biofilm to compare
its treatment capacity with the suspended bacteria system (BS) in the same condi-
tions with the same hydraulic loads. The analyses of outlet data showed that the
attached Bacteria reactor system BA achieved high efficiency of biomass reduction
and better wastewater treatment efficiency than the Suspended bacteria system. This
was because the attached bacteria on the plastic media (support materials); can be
more efficient to reduce the organic load and has achieved good nitrification and
denitrification levels.

3.2.1 Methods and Measurements

The tow modified septic tanks (BA and BS) have been operated under different
hydraulic loadings (phasel is 1200 l/day, phase 2 is 1600 1/day and phase3 is:
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2000 1/day) each hydraulic load was operated for 6 months and with inflow organic
load BOD 600 mg/1.

Inflow and outflow of every loading phase during its operational time was
controlled and evaluated weekly. Wastewater sampling from each system (BA and
BS) were collected and tested onsite such: chemical oxygen demand (COD), Total
suspended solids (TSS), Biochemical oxygen demand (BODS), nitrate (NO3™),
dissolved oxygen (DO), orthophosphate (PO47) pH value, ammonia (NH4*), elec-
trical conductivity (EC), temperature. All the above parameters were tested according
to the Standard Methods for Examination of Water and Wastewater [23, 25]. E. coli
was measured using the IDEXXTM Colilert-18 Quanti-tray method according to the
manufacturer’s specifications.

3.2.2 The Operation Phases

The systems BA and BS were operated with deferent hydraulic loading of 1.2 m3/d
(Phase 1) and under higher loading rates of 1.6 and 2.0 m?/d (Phases 2 and 3). Three
different hydraulic loadings above were carried out for 26 weeks for every loading
level during the operating phases. The modified septic tank systems were designed
to accommodate wastewater generated from a single household. Preliminary inves-
tigation shows that the average daily wastewater discharge from a single household
is about (1.2 m?). The schematic diagram of the pilot is shown in Fig. 10 [26].

The first chamber (anaerobic chamber) is considered as sludge holding tank, where
sludge stabilisation is anticipated to take place. The plant has been equipped with
several by-passes, fittings, and valves so that the mode of operation could be easily
changed and adjusted.

3.2.3 Results and Analyses

Two modified septic tank systems were implemented for municipal wastewater treat-
ment in a rural place about 17 km south of Amman in Jordan. The tow Septic tank
systems (BA and BS) were tested and evaluated. The treatment efficiency evalua-
tion shows a good elimination of several parameters during the biological treatment
phases and deferent hydraulic load (Fig. 11). As it shows a reduction of BOD to 95—
98% and between 92 and 98% TSS removal. Also, analyses show nitrogen removal
of 59% in the BA system, while the nitrogen removal varied between 26 and 33% at
the higher hydraulic loading and 0-29% in the BS system [23].

Regarding the WHO guideline and local standard the Effluent quality meets
secondary wastewater quality criteria as well as the Jordanian standard for wastew-
ater reuse for all parameters (Table 2), except for the parameter E. coli, where further
disinfection is required.
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Fig. 10 Two modified septic tanks—process diagram of pilot project SMART

4 The Demand for Capacity Building in the MENA Region

Capacity the building is the main objective of the implementation of a biofilm system
as a low-cost, decentralized wastewater treatment technologies in the Middle East
and North Africa.

Applying a very specific capacity building for operation and maintenance of
biofilm-system is very important because of the demand of this know-how in field
experience also the reuse of its end product as an alternative water resource for Irri-
gation. This could be achieved by providing technical groups in local institutes with
required capacity in the biofilm applications as very specific fields. Universities and
research centers can play a leading role in raising awareness and technical experience
with respect to attached biofilm system as low-cost wastewater treatment technolo-
gies because of low energy consumption and reuse treated water for agricultural
purposes. SMART project in Fig. 12 was a successful implementation of economic
wastewater treatment technologies. This demonstration and research center demon-
strates successful applications of several treatment technologies as low cost treatment
solution for rural area in the MENA region.

Implementations of several projects in the MENA region demonstrated a
successful application of capacity-building activities especially there is a high
demand to strengthen experience in water management in the region [28]. During the
implementation of the SMART project, a capacity-building program was established
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Table 2 The current Jordanian standards for treated wastewater reuse in irrigation [27]

Parameter Cooked vegetables, | Fruit trees, sides | Field crop, Cut flowers

parks, playgrounds | of roads outside | industrial, crops

and sides of roads, | city, limits and and forest, trees

within city limits landscape

A B C D
BODs [mg/L] 30 200 300 15
COD [mg/L] 100 500 500 50
DO [mg/L] >2 - - >2
TSS [mg/L] 50 150 150 15
pH 6-9 6-9 6-9 6-9
Turbidity [NTU] 10 - - 5
NO3-N [mg/L] 30 45 45 45
TN [mg/L] 45 70 70 70
E. coli 100 1000 - <1.1
[MPN/100 mL]
Intestinal helminth | <or=1 <or=1 <or=1 <1
eggs [egg/L]
Grease, oils [mg/L] |8 8 8 8

E. coli: Escherishia coli
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Fig. 12 Research demonstration site for decentralized wastewater treatment—SMART project

by Al-Balqa applied university to support master students, to improving teaching
skills and lecturing output, and developing lines of research in their corresponding
institutes by designing some related regional workshops. In addition, the exchange of
basic research experience at this level was enhanced by coordination between several
stakeholders and institutions that carried out research in the counterpart institutes.
Research findings were disseminated via scientific publications and a number of tech-
nical papers that were produced. These publications established a position for the
partner institutes in the field of anaerobic treatment and agricultural reuse of treated
wastewater, and most were directly related to the findings of the doctoral students. The
doctoral students also participated in international conferences to present their work
on the research demonstration center in Jordan to share their experience with other
researchers worldwide. The recognition of BAU-University encouraged by the partic-
ipation of external high-level experts as lecturers in an intensive specialized course
in several levels on wastewater treatment as field experience in anaerobic/aerobic
process and in agricultural reuse held in Amman, Berlin, and the Dead Sea via the
project period. These indirect targets consisted of professionals from the academic
sector, water authorities, ministries, and private sectors. Professionals were trained
during specialized courses held in Germany and Jordan. The course material covered
the operation and maintenance of decentralized/centralized wastewater treatment
plants, environmental technologies, emphasizing low-cost anaerobic, aerobic treat-
ment methods, and aspects of wastewater re-use in agriculture. The trainees are
expected to positively influence the national agenda related to MENA sanitation
policy.
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5 Conclusions

The applications of wastewater treatment by biofilm technologies show the successful
implementation of wastewater treatment technologies to improve wastewater treat-
ment efficiency and low energy requirement.

Case studies in this chapter revealed that the application of biofilm technologies
in wastewater treatment in the region can be used as a low-cost system due to its low
energy requirement.

Effluent quality met secondary wastewater quality criteria as well as the WHO
and local standard for wastewater reuse in agriculture.

The generated excess sludge in the tow above pilot projects was exposed for
drying in sludge drying bed for composting and sludge reduces from the wastewater
treatment stages, and also the sludge as an end product. This is after ensuring that it
meets the local reuse standard which can be reused safely in agriculture or for other
disposals purposes.

6 Recommendation

Experience in the operation of biofilm technologies shows that: Biofilm system appli-
cations faced several operations problems in the MENA region. This is related to the
lack of experience in biofilm system operation and in know-how of its applications.
Some recommendations are need to be taken into consideration by application of
biofilm technologies under several climates conditions but not limited to:

e Fats, oils, Solids and Suspended solids, and greases must be removed or minimized
in the influent by very good pre-treatment efficiency to protect the biofilm and its
specific surface area this leads to an increase in the Biofilm treatment efficiency.

e A good pre-treatment is required to reduce high concentrations of BODS5, TSS in
inflow, this protects the biofilm treatment capacity in the biological stage.

e Researches demonstrate that biofilm technologies should be designed based on
the surface area loading rate (¢COD/m?/d), Media material, wastewater type.

e In Tricking filter, Pressure distribution is required for the design option in order
to strive for equal distribution of effluent at the design organic loading rate and
also to keep the attached biofilm wet.

¢ Intermediate clarifier tank is useful to build between treatment stages to draw out
the sludge produced and to keep the attached bacteria working in its full capacity.

Challenges faced the implementation of DWWM

Decentralized wastewater management is an important solution in wastewater treat-
ment for rural areas in the MENA region, but there are many challenges faced the
implementation of Decentralized Wastewater Management System (DWWM) but
not limited to:
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Financial and Institutional Problems.

Non-linked areas on drainage systems.

Technical Problems.

The Inefficient Water and Wastewater Networks.

Small Capacities of the centralized wastewater treatment plants.

Lack of know-how of new wastewater technologies.

Unskilled Operation and Maintenance team especially in biofilm technologies
(O&M).

Lack of Master Plan in Governorates.

Local ministries support in (investments, regulations, control, laws, etc.) still in
discussion in most MENA countries.

Increase the water demand in some hosting countries because of internal and
external migration related to the political issue in the MENA region.

High Water consumption in agriculture (for Jordan: 75% of water use in
agriculture).

The absence in Plans to Preserve Sector Investments.
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H. Medrano, F. Ben Mariem, W. Gariani, N. Boukherissa, and M. Braham

Abstract Studding olive trees water requirements allows a better water efficiency
management. That is why more and more efforts are being made to develop new
techniques for more efficient irrigation. In this respect, the estimation of the water
needs was carried out using precise methods integrating the maximum parameters of
the soil-plant-atmosphere continuum. Some researchers have been based on the use
of the climatic method, which is summed up by estimating reference evapotranspira-
tion. Other studies have been based on the direct measurement of tree transpiration
(physiological method) by xylem sap flow measurements that are more representa-
tive of the tree’s water status. Each of these methods is based on a set of climatic,
edaphic and physiological parameters of the olive tree. The present work is based
on an experimental study carried out on the table olive cultivar “Meski” conducted
in intensive. This study aims to estimate the water requirements of the olive tree for
a possible optimization of irrigation. To do this, a calculation of the water require-
ments was carried out by two methods: (1) physiological methods based on Sap flow
measured at stem level (T1) and (2) climatic method based on climatic parameters
and the water balance (T2). These results allowed us to state that the physiological
method allows a better estimation of water requirements. This method also improves
the profitability of the olive tree with better optimization of the use of water that
arrives up to save 15% water.

Keywords Olivier - Water needs + Optimize irrigation * Climatic method *
Reference evapotranspiration * Physiological method + Sap flow

A. Bchir () - S. Ben Mansour-Gueddes - F. Ben Mariem - W. Gariani - N. Boukherissa -
M. Braham
Institut de 1’Olivier, Université de Sfax, Sfax, Tunisia

R. Lemeur
Laboratoire d’Ecologie des Plantes, Université de Ghent, Ghent, Belgium

J. M. Escalona - H. Medrano
Grup de Recerca en Biologia de les Plantes en Condicions Mediterranies, Departament de
Biologia (UIB-INAGEA), Universitat de les Illes Balears, Palma, Spain

© Springer Nature Switzerland AG 2021 69
M. Abu-hashim et al. (eds.), Agro-Environmental Sustainability in MENA Regions,
Springer Water, https://doi.org/10.1007/978-3-030-78574-1_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-78574-1_4&domain=pdf
https://doi.org/10.1007/978-3-030-78574-1_4

70 A. Bchir et al.

1 Introduction

Water is the essential element for maintaining plant turgescence, stomatal control,
gas exchange also as cell elongation and plant growth. The olive trees need water
especially at the instant of the pre-blooming-maturing phases, which unfortunately
coincides with the driest and hottest period of the year. During these phases, the olive
tree requires high quantities of water supply in order to be able to complete the stages
of differentiation of floral and reproductive growth [1]. To accelerate its growth and
its setting in fruit, olive tree needs water. It also plays a regulatory role within the
various physiological processes of the plant by conditioning its productivity and
quantity [2—4]. Irrigation water management should be done with methods to save
lots of water and maximize productivity. Water productivity increases with deficit
irrigation. This technique aims to save water and control vegetative growth in orchards
without any adverse effects on production [5]. During the first years after planting,
the water requirements needs should be compensated by irrigation (Full irrigation)
to establish tree growth as soon as possible [6]. Laster, a deficit irrigation strategy
is the best option for most olive orchards [6—13]. When there’s a shortage of water
for irrigation, supplementary or supplementary irrigation is sufficient to significantly
increase crop performance [14, 15].

Several methods were used to determine water requirements. Some researchers
have used the climatic method, which consists on estimating ET and ETc, by several
equations such as that of Penman—Monteith, to estimate the daily water requirements
of the olive orchards [16-22]. Others have used xylem sap flow measurements, which
also allow estimation of water consumption and transpiration [17, 22-26].

The objectives of this chapter are: (i) the use of climatic data for estimating water
requirements in olive trees (cv. Meski) in the semi-arid Tunisian (Enfidha); (ii) the
use of the sap flow method to quantify transpiration and water consumption; (iii) the
evaluation of the physiological method according to ETj.

2 Soil-Plant-Atmosphere Relations

2.1 Water in the Soil

In the soil, the water moves gradually, from wet areas to the driest areas. Its displace-
ment is multidirectional. It is influenced by soil characteristics (depth, texture,
porosity), those of the subsoil and those of the plant (root and aerial systems). In
packed, compact and high clay soils, water flow is slow, unlike light-textured soils
with higher filtration capacity [27].

The water balance is based on the soil physical characteristics. This is a method
that can predict the changing water requirements of olive trees. The water available
for the olive tree corresponds to the reserves easily usable in the ground. The easily
usable reserve in water of a soil, expressed in millimeters of water, corresponds to
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the upper fraction of the useful reserve (UR) for which the plant is not brought to
regulate its evapotranspiration by the stomata. The reserves easily usable are difficult
to evaluate because it varies between 30 and 60% of the UR depending on the type of
soil encountered [27-30]. To characterize the water status of soil, it is necessary to
know the soil moisture at different depths and to be able to follow their spatiotemporal
evolution [27].

2.2 Soil Water Balance

The different components of the soil water balance allow the determination of the
actual evapotranspiration of the crop, and to evaluate the water supply and the
irrigation water requirements. The soil moisture balance Eq. (1) is expressed as
follows:

AS =Re +1+C — ETc — D-R (1)

With: AS: variation of soil water stock; Re: effective rain; I: irrigation; C: capillary
rise; ETc: evapotranspiration culture; D: drainage and R: runoff.

In the case of localized irrigation, the evapotranspiration culture (ETc) of the olive
tree is estimated by the following Formula (2) [31, 32]:

ETc = Kc x Kr x ET) 2)

ETy: reference evapotranspiration measured at meteorological stations. Kc: a
cultural coefficient applied to the ET( to determine the actual evapotranspiration
of the olive tree [1, 32] (Table 1).

Kr is the recovery coefficient that represents the land cover ratio (3). It takes in
concideration the area of the ground covered by tree canopy and planting density
[32].

Kr = 2 x Sc/100 3)

With: Sc as the surface of the ground covered by the foliage (Sc =n x IT x d 2/4
x 100) and n is the planting density and the diameter of the foliage [32].

Table 1 Monthly Kc values for adult olive trees planted at a density of 286 plants/ha, in southern
Spain [32]

Jan |Feb |March |April |May |June |July |August |Sep |Oct |Nov |Dec
Kc [0.50 |0.50 |0.65 0.55 |0.55 |0.50 (045 045 0.55 [0.60 |0.65 |0.50
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3 Estimation of Water Requirements

3.1 Climatic Method: Determination of Reference
Evapotranspiration (ETy)

According to Elsayed-Farag [7], the pan evaporation or automatic meteorological
stations are the most used methods to determine ET0. The variability of evapotran-
spiration values, in most case, is controlled by sun radiation, air temperature, air
humidity and wind speed [33-35]. To calculate ETy, authors used diverse empirical
combinations of climatic parameters in their formulas [16, 20, 21, 31] (Table 2).
Some of them use Air Temperature like Blaney and Criddle [36]. Other formulas
are based on Air Temperature and Solar Radiation, for example, Hargreaves Samani
(1985). Hargreaves Radiation and Stephens and Stewart (1965) methods. Ivanov
(1954), Eagleman (1965), Turc (1961-1965), Chirstiansen—Hargreaves (1969) and
Priestley—Taylor formulas also use Relative Humidity with Air Temperature and
Solar Radiation parameters. The most complicated formulas are the Penman Original
(1963) and the Penman—Monteith (1998), which include the use of the Wind Speed
with all the previously cited climatic parameters (Table 2). The use of the different
empirical formulas depend on available weather data. Many authors studied the use
of limited weather data to determine ET, [16, 20, 21, 37-39].

3.2 Physiological Method: Direct Measurement
of Transpiration in Olive Trees (Sap Flow)

The different irrigation management techniques associated directly to the soil and
partially to the plant only allow the determination of the moment to start irrigation
and not the quantity of water consumed by the plant. The sap flow method is an
alternative for direct measurement of the quantity of water conveyed through the
trunk, branches and tree roots under open field conditions. It allowed to study the
physiological behavior of several species of plants and the movement of water in
the soil-plant-atmosphere continuum, to estimate the water needs and to evaluate the
water balance.

According to Kostner et al. [41] and Saitta et al. [22], sap flow measurements are
the most common method to determine transpiration at the tree and the forest canopy
level. This kind of measurement represents an integrated measure of tree transpira-
tion. It allows separating between the physiologically controlled plant process and
physical evaporation from soil and interception.

The technology was used across a wide range of applications on diverse plant

types:

— Natural and urban forest trees [42, 43],
— Woody horticultural trees and vines [7, 22, 44-51],
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Table 2 Methods for ET( calculation, corresponding formulas and climatic parameters used

Methods

Equations

Climatic parameters
used for the calculation

Blaney and Criddle [36]
modified by Doorenbos and
Pruitt (1977)

ETy = (8 + 0.46Taverage) x n/N/i

Taverage ,n, N

Hagreaves-Samani (1985)

Original: ETy = 0.0023 R,AT?S x
(Taverage + 178)

Modified: ET = 0.0035 R,ATS x
(Taverage + 1254)

Ra» Taverage, Tmax, Tmm

Christiansen-Hargreaves

(1969)

Original: ETp = 0.492 Rg x Crr X
Cwrt x Cur

Modified: ETg = 0.492 R, x Cpr X
CWT X CHT X CST X CR

Rs or Ry, Taverage, Uy,
RHaveragey E

Ivanov (1954)

ETy = 0.0018 x (T + 25)% x (100 —
e/ed 100)

0
Taverage » €, €

Eagleman (1967)

ETo = 0.035 x 9 x (100 —
RHaverage)OAS

e’ s RHaverage

Stephens and Stewart (1965)

ETo = (0.014 Tayerage — 0.37) x
R,/1500/0.039
With Rs = (0.25 + 0.5 n/N) x Ry

Ra. Taverage, . N

Turc (1961-1965)

RH > 50% ET( = 0.40 (Rs + 50)
Taverage/ (Taverage +15)

RH < 50% ETy = 0.40 (Rg + 50)
Taverage/(Taverage +15 0 +50—
RHaverage )70

With Ry = (0.25 4+ 0.5 n/N) x R,

Taverages RHaverage, Ras
n, N

Priestley and Taylor [40]

ETy = a 395 (Rn = G)

Rn, G, Taverage,
RHaverageYa a

Penman Original (1963)

ET, = [AAW(Rn - G)] +

[ﬁy 15.36(1 + 0.0062 Us (¢® — e))]

Rn, G, Taveragm
0
RHaverage» Uj, e, e”, Y

Penman Monteith (1998)

ETy =
10.408 A (Rn—G)1+[900 7575 (0 —)Us |

Rn, G, Taverage,
0
RHaverage» Uy, € e,y

Ay (1+038)02]

Masmoudi-Charfi and Habaieb [31]

Where: Timax: Maximum air temperature (°C), Tmin: Minimum air temperature (°C), Tayerage: Mean
daily air temperature (°C), AT: Trax — Tmin (°C), A: Slope of the saturated vapor pressure curve
(KPa°C™ 1y, y: Psychrometric constant (KPa°C~1), U2: Wind speed measured at 2 m height (m/s),
RHpax and RHpip: Maximum and minimum relative humidity of the air (%), es: Saturated vapor
pressure (KPa), e; = 0.5[e0(Tmax) + €0(Tmin)], €0(Tmax): Saturation pressure at Trax, €0(Tmin):
Saturation pressure at Tpin, €5: Average value of vapor pressure or actual vapor pressure (KPa), e,

= [eornm R Hpin + €07, RHmax] /200, eg — e,: Saturated vapor pressure deficit of the air (KPa), Ra

and Rs: atmospheric and solar radiation (MJ/m?/month), Rn: net radiation at the crop surface (MJ/m?
day), N: Maximum sunshine duration (Hours/day), n: Actual sunshine duration (Hours/day), n/N
= p: daylight hours monthly/annual daylight hours, G: Soil heat flux density (Mj/m?/day), Crr:
temperature function, Cwr: wind function, Cyr: air relative humidity function, Cgr: sunshine
function, Cr: elevation function
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— Agricultural crop species [52-54].

Several sap flow methods are available to calculate the amount of water flowing
through the conductive organ of the plant (www.wgsapflow.com; [48]). According
to Elsayed-Farag [7], some methods provide information for calculating the sap flow
at different depths below the cambium, while others integrate sap flows throughout
the sapwood. Some methods are invasive since the sensors are located inside the
sapwood; others are non-invasive, the sensors being located outside, well in close
contact with the conductive member. Some methods are suitable used for small
diameter stems, while others may be used for bigger trees [7]. In this sense, several
techniques have been developed, in particular, heat dissipation methods, heat balance
and heat pulse methods.

3.2.1 Heat Pulse Method

This method is based on the measurement of xylemmic sap temperatures at distances
upstream and downstream of a heat pulse source (Fig. 1). This method was first used
by Moreno et al. [55] at the root level and by Fernandez et al. [56] at the trunk
level. According to Ferndndez and Moreno [57], this method has the advantage of
determining the kinetics of the sap flow in four locations at the xylem level. This
method is widely used because of its low cost, low sensitivity to thermal gradients
and low demand for operating energy [22, 53, 58-60].

C. c.
h a 1= = ’ ] g
_ h.
a =T B ) .

d. f

Fig. 1 A schematic for a heat pulse probe to measure heat velocity in xylem. a Cable to data
acquisition system; b epoxy body, PCB or analog—digital interface; ¢ downsteam, outer thermistor
(temperature) sensor; d upsteam outer thermistor; e downsteam inner thermistor; f upstream inner
thermistor; g downstream temperature probe; h heater probe with an internal heating element;
i upstream temperature probe. The nominal distance between (g) and (h) and (i) and (h) is 0.006 m.
The nominal length of probes is 0.003 m [58]
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Fig. 2 Schematic representation of the thermal balance method of a trunk area [61]

3.2.2 Heat Balance Method of a Trunk Area

This method is proposed to be used on tree trunks with diameters larger than 120 mm.
The sap flow can be calculated from the thermal equilibrium of the heated stem tissues
(Fig. 2). However, in this method, heat is applied within a single segment of the trunk,
rather than superficially throughout the circumference [61].

3.2.3 Heat Balance Method

This method is employed for various kind of stems (woody and herbaceous) and
for different trunk diameters, small, branches and tree trunks [62—-66]. According to
Smith and Allen [61], the heat balance method employs gauges suitable for different
rod diameters ranging from 2 to 125 mm (Fig. 3). The entire stem circumference is
heated [62, 67].

3.2.4 Deformation Heat Field (HFD) Method

The current sensor includes radial heater, installed in the sapwood, and two ther-
mocouples made from copper [42, 68—70]. The reference thermocouples measuring
the temperature are inserted in a common needle placed below the heater. In the
axial direction, the thermocouples of the needles symmetrical pair, are equidistant
from the heater. They measure the difference in temperature, allowing bidirectional
measurement of very low flow rates [68]. The magnitude of the sap flow’s average
and high values is due to the asymmetric temperature difference measured with the
pair of asymmetric differential thermocouples [71] (Fig. 4).
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Fig. 3 Schematic representation of the sensor measuring raw sap flow from heat balance [61]
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Fig. 4 Schematic representation of the tangential section of stem xylem with arrangements of the
thermocouples around the heater of the HFD-sensor installed in the sapwood of a stem [71]
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3.2.5 Heat Dissipation Method

The heat dissipation method introduced by Granier [72, 73] is based on the convective
heat dissipation following the sap flow (Fig. 5). It consists of measuring the temper-
ature at a heating probe and another non-heating (at wood temperature) inserted
radially into the conductive tissue of the raw sap. The difference in temperature
between the two probes is strongly influenced by the movement of xylemic sap in
the trunk. At zero transpiration, this difference is maximal; the passage of a sap flow
transports a quantity of heat by the convective transfer and the temperature in the
heating probe decreases. The difference intemperature is inversely proportional to
the flux density. It is estimated by an empirical formula expressed per unit area of
sap-conducting wood [51, 72, 73]. According to Abid Karray [74], this method seems
to be the best adapted to the olive tree since it allows to integrate the sap flow over a
length of 2 cm (the length of the sensor). It allows for long periods of measurement
since it has a low drift over time [73]. Moreover, this technique is simple to install,
its calculation principle is simple, and its cost is low which makes this technique the
most used [61].

Solar panel (optional)

Tree trunk /’-7
& \ ! |
X - : Batiery |
\-' A Constant current 12V 7
to the heater @0 Power supply
Heated H DODODN unit
prabe : ; R -----—--—---—-|_ =
4 P \ A :::- ‘ T 1
| | Cable (066066666660
Tube fProhe | H L
: ' Analogue channels
éi . Datalogger

L

Referenpe Signal
probe

1

Heartwood ~ Sapwood

Fig. 5 Schematic representation of the Granier system for sap flow measurement. Each probe
contains a thermocouple [50]
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4 Case Study: Estimation of the Olive Orchards Water
Requirements Using Climatic and Physiological Methods
in the Tunisian Semi-arid

In olive growing, it is essential to optimize irrigation by a real estimate of the water
needs. To achieve this objective, it is necessary to control the terms of the soil water
balance, the energetic balance and eco-physiological parameters related to the olive
tree. These terms give us the possibility to better manage water supplies and increase
the water use efficiency. Indeed, there is a growing interest in new techniques designed
for more accurate estimation of irrigation doses.

The objectives of this study case are: (i) the use of climatic data for estimating
water requirements in olive trees (cv. Meski) in the semi-arid Tunisian (Enfidha); (ii)
the use of the sap flow method to measure transpiration and water consumption; (iii)
the expression of the physiological method according to ET).

4.1 Materials and Methods

See Fig. 6.
Sap Flow Measurement Weather Station
l Measurement each 30 l
Sap Flow data minutes Climatic data
Determination of
l transpiration and ET, l
Transpiration Reference
(Sap Flow) Determination of Evapotranspiration (ETo)
l irrigation doses l
Applied Irrigation for Applied Irrigation for
Treatment T1 (100% Sap flow) Treatment T2 (60% ETo)

Fig. 6 Methodology flowchart
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4.1.1 Description of Experimental Field

The experimentwas conducted in an irrigated olive orchards of 22 ha in Enfidha,
central Tunisia (36° 08’ N, 10° 22" E, 23 m), which belongs to “Office of Dominion
Land of Enfidha” (OTD), on 2009. The orchard was planted in 1985 with Olea
europaea L. cv. Meski trees at 7 x 7 m spacing. In this orchard, one plot of 10 trees,
with a trunk diameter of 18 & 3.4 cm at breast height and a similar height (3.5 +
0.4 m), was selected to perform the experiments. These trees were irrigated by a drip
irrigation system with, four drip nozzles for each tree, “located at a distance of 1.0 m
to the north, east, south and west of the trunk, respectively”.

The determination of olive tree water requirements was done according to the
physiological method (T1: irrigation with a 100% of sap flow) based on the deter-
mination of xylem sap flow and the climatic method (T2: irrigation with a 60% of
ET)), based on the determination of reference evapotranspiration according to several
approaches.

T1: irrigation according to the physiological method (100% of sap flow);
T2: irrigation according to the climatic method (60% of ETj).

4.1.2 Sap Flow Measurements

Heat dissipation probes (TDP 30, Dynamax Inc., Houston, TX, USA) were used to
measure sap flow (see discription in Sect. 3.2.5). Two probes were installed on each
tree in two directions (South and North). Details are given by Bchir et al. [46].

4.1.3 Reference and Crop Evapotranspiration

The In-situ measured climatic paramiters were used to determine the reference evap-
otranspiration (ETO, mm/day) using the Penman Monteith formula [28], cited in
Table 2 (Sect. 3.1).

4.2 Results and Discussion

4.2.1 Comparison of Applied Doses During the Experimental Period

The annual irrigation doses applied during the experimental period of the T1 and
T2 treatments are respectively 1589 and 3080 m3/ha (see Table 3). The calculated
doses accordingto both treatments were variable and depended on physiological
and climatic conditions. For the physiological method, the applied dose ranges
from 84 to 285 m*/ha/month. While the climatic method dose varies from 141 to
608 m?3/ha/month (see Table 3).
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Table 3 Irrigation rates T1 T2

applied during the 3

experimental period for the m°/ha

three treatments during the February 84 141

2009 season (T1: 100% sap

flow and T2: 60% ETo) March 143 245
April 180 313
May 187 421
June 262 557
July 283 608
August 247 409
September 203 386
Total 1589 3080

These results confirmed those found by Chehab et al. [75]. These authors have
shown that according to the physiological method (100% FS) and the climatic method
(100% ETc), the irrigation needs were respectively 1600 and 2600 m>/ha applied
from April to August 2008. According to Elsayed-Farag [7], in the Mediterranean
regions with an ETy of around 1200 mm/year and an average annual rainfall of
500 mm, the orchards of Mature olive trees irrigated drip with planting densities of
100-300 trees/ha, require about 7000 m>/ha/year to account for ETc. Among them,
between 3000 and 4000 m3/ha/year are supplemented by irrigations, according to
the precipitation collected [57, 76]. According to Ferndndez et al. [77], for high-
density olive orchards planting (about 2000 trees/ha), irrigation needs can increase
to 5000 m*/ha/year. In similar climatic condition in Spain, Lépez Bernal etal. [11] had
applied, from late spring to early autumn different irrigation doses ranged between
35 and 70% of the ETmax. Fernandez et al. [9], Hernandez-Santana et al. [10] and
Fernandez [78] had applied three different irrigation treatments 100%, 60% and 30%
ETc.

4.2.2 Evolution and Comparison of Transpiration According
to the Applied Doses

The transpiration measured by the sap flow method during the experimental period
showed that the highest value of transpiration was recorded for climatic method T2
(Table 4). These values vary from 73 m>/ha (February 2009) to more than 400 m>/ha
(June and July 2009), this can be explained by the fact that this treatment receives the
highest irrigation dose. The transpiration recorded for physiologic method (T1) is in
arange of 72 m>/ha (February 2009) and 245 m3/ha (July 2009). Chehab et al. [75],
found that during the months of high demand (June and July), olive trees irrigated by
the climatic method transpired 23% more than those irrigated by the physiological
method.
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The use of micro-lysimeters allowed us to estimate soil evaporation, which
averages 15% of the doses applied for T1 and T2 treatment (Table 4).

For both treatments T1 and T2, the minimum evaporation of soil (Es) is recorded
in February. It is equal to 11 m®/ha and 21 m?/ha respectively. The highest values of
Es are observed in July, for both irrigation methods.

During the experimental period, we observed that for T2 treatment (60% of ET),
transpiration was equivalent to an average of 69% of the applied dose. The sum of
transpiration and soil evaporation (on average 15%) is less than the dose. This indi-
cates that this method overestimates the irrigation needs and that leads to significant
losses through evaporation and drainage.

In order to optimize the irrigation dose, the physiological method was converted
according to ET, (Table 4). The irrigation dose applied by the physiological method
represents on average about 32% of the ETy. During May, June and July, irrigation
needs to be applied for T1 is variable between 27 and 28% of the ET,,. During the rest
of the year, the percentages were about are approximately 35%. Many authors have
found similar results. Laouar [79] has shown that under the climatic conditions of
Tunisia (arid and semi-arid), the water requirements of the olive tree do not exceed
75% of the ET,. The same author indicated in 1978 that the olive tree could reduce
its needs up to 35% of ET, without affecting its productivity [80]. According to
Bchir [23] and Bchir et al. [47], the physiological method based on xylem sap flow
allows a better estimation of the water needs of the olive tree as well as more efficient
management of limited water resources by referring to the set of eco-physiological
measures analyzed in the olive tree table variety ‘Meski’. Ben Ahmed et al. [81]
showed that the contribution of 600 mm of water per year (33% of ETc) could cover
the needs of the Chemlali variety grown in semi-arid regions without decreasing
photosynthetic and productive activity.

According to Chehab [82], in order to maximize the eco-physiological and repro-
ductive parameters in the ‘Meski’ variety, a continuous 100% ETc irrigation is neces-
sary, whereas the ‘Picholine’ variety can better value the respective water intake from
75 to 50% ETc during the fruiting stage. Haouari [83] found that 60% ET irrigation
leads to improved biochemical activity and ecophysiological parameters in table
olive. According to Garcia et al. [84], the application of regulated deficit irriga-
tion strategy supplying 30% of the total irrigation needs for ‘Arbequina’ olive trees
induces an increase in natural antioxidants in virgin olive oil. Neither yield, nor the
rest of the quality parameters were affected by the reduced irrigation.

Hernandez-Santana et al. [85], showed that regulated deficit irrigation (RDI) has
many advantages for olive tree orchards, such as increasing their long-term productive
life, by reducing leaf area and without affecting single fruit weight nor total fruit yield.
Also, the same authors found that the lowest RDI levels (30 and 45%) lead to greater
water savings than 60%, with the best balance between crop water consumption and
fruit yield.



Estimation of the Olive Orchards Water Requirements ... 83

5 Conclusions

Water has particular importance in the agricultural sector, particularly in arid and
semi-arid regions, but water resources are increasingly scarce. Having reached a
high level of mobilization of these hydraulic resources, Tunisia is now confronted
with the imperative to better manageand valorizethem.

The study of the olive water needs allowed more efficient management of the
water supplies and saving in irrigation water and this by an estimation of the needs in
water by using more precise methods integrating the maximum of parameters from
the Soil-Plant-Atmosphere continuum. Each of these methods is based on a set of
climatic, edaphic and/or physiological parameters of the olive tree. The study of the
water requirements of the olive tree in a semi-arid region has allowed us to manage
water supplies more efficiently and save on irrigation water using the climatic method
and/or the physiological method.

The evaluation of the different irrigation doses, applied according to the climatic
(T2 = 60% ET)) and physiological (T1 = 100% sap flow) methods and in relation
to the transpiration of the trees measured by the sap flow method, allows to note that
the higher the irrigation dose is, the highest is loses by transpiration. The highest
transpiration values are recorded in the climatic method.

6 Recommendations

Deficit irrigation strategies, applying climatic or physiological methods, allow better
water use efficient for olive orchards without affecting yield or fruit and oil quality.
The physiological method (T1), equivalent to 32% of the ETj, allowed us a saving
in water of the order of 50% in comparison with the climatic method. So the
physiological method allows formore efficient management of water resources.

To apply the physiological method in different bioclimatic stages, the use of
transpiration modelingin relation to climatic parameters is necessary to meet the
needs of the economy and the management of water supplies.
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Abstract The application of a detailed diagnosis on the agrarian systems in MENA
region, more precisely in a Tunisian archipelago through a social survey allowed us
to describe the characteristics of cropping systems in general and detailed farming
systems. The interaction between different agricultural and social indicators helped to
identify gaps in the evolution of such system. Results prove that the breeding sector
is averagely developed in the Archipelago. However, the closure of the collected
center since 2011 has strongly contributed to the reduction of the application of the
bovine breeding. However, attention is paid to rangelands since 65% of breeders
apply transhumance. Mapping the transhumance circuits adopted by the breeders of
the Archipelago shows the interest of this technic, but it is necessary to study these
displacements to ensure the conservation of the natural resources of the Archipelago
ensuring the sustainability of natural resources.

Keywords Diagnosis - Agrarian system - Mapping - Archipelago

1 Introduction

Given the small size of its arable land, the impact climate change, and the evolution of
demand towards quality products, Tunisia needs to develop agricultural practices of
its producers. The purpose of a diagnostic analysis of the agrarian system in a small
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region is to identify the factors that influence the evolution of agricultural production
systems [1]. From this definition, we have tried to make a diagnosis of the agrarian
systems of the Kerkennah Archipelago through a survey on a total sample of 100
farmer-breeders. A questionaire was distributed including 50 questions regarding
livestock sector and its characterization. It includes: mode of performance, structure,
etc. In this research, a comprehensive approach is considered who the beginning of
the process where cropping system, animal husbandry concepts are applied to the
plot and animal breeding on the farm rather than to a crop or animals. However,
this approach was applied by different researchers, from example, in 2012, Barral
etal., have applied it to understand the complex conditions under which farmers work.
Then, in 2017, it was applied for determining the conditions necessary for the Niayes
to better contribute to the country’s agricultural production. More recently, in 2020,
Vankovych et al. [2] and Li et al. [3] have used respectively the concept to identify
patterns between state regulatory measures of aggregate support for the agricultural
sector of Ukraine and its development and to study the assurance of agricultural
sustainability and global food security by treating plant diseases diagnosis.

2 Agrarian and Production System Concepts

According to Jouve [4], an agrarian system can be defined as “the historically consti-
tuted, sustainable mode of organization used by a rural society to use its area and
manage its resources.

It results in interactions between the bio-physical, socio-economic and technical
factors” (cited in [5]): “Agrarian system is the theoretical expression of a historically
constituted and geographically located type of agriculture, consisting of a charac-
teristic cultivated ecosystem and a defined productive social system. This allows
sustainable exploitation of the corresponding cultivated ecosystem”. Conceiving and
analyzing farming as it is practiced at a given moment in a given place as an agro-
system “consists in breaking the system down into its main sub-systems and studying
the organization and functioning of each, and their inter-relations” [6]. The concept
of the agrarian system encompasses both the mode of exploitation and reproduction
of one or more ecosystems, the social relations of production and exchange which
have contributed to its establishment and development, and overall economic and
social conditions [7]. It can be defined as the way farmers exploit the environment by
using the relations and interactions that occur between all of its social and physical
components. The system also takes into account the limits of the environment and
its ability to reproduce [8]. Relationships can be established between [9]:

e The three main basic components (biophysic, human and technics states) of the
system make it possible to determine a number of functional characteristics which
will then serve as benchmarks and guides for the study of any agrarian system.
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e The elements of the physical environment, the elements of the human environ-
ment and the technical elements will inform the way in which the environment is
exploited by a rural society.

e The physical and human environment are studied through the social organization
that determines the allocation of resources: land, water, vegetation.

e The human environment and technical elements cover the organization of work
(duration, productivity, distribution of tasks in production units, and in society
itself) and the technical means used (equipment, tools, inputs, varieties, etc.).

e Technical components and physical environment are understood by studying the
culture and breeding systems (breed or type of crop, practices, and inputs used).

Analytical back and forth between the objects of study that are agrarian systems,
production systems, with cropping and breeding systems will be at the heart of our
iterative approach to build and validate assumptions about project impacts [10].

The agrarian system cannot then be regarded as a simple technical system of
agricultural practices. The idea is to analyze the transformations of agricultural tech-
niques and the changes in social relations, not only at the local level but also at
the national and global levels. However, in contrast to many research carried out in
agricultural economics or rural sociology, comparative agriculture clearly shows the
ambition to take very finely into consideration the technical processes of agricultural
production, given the special nature of agro-ecosystems, which are the real objects of
work of farmers [11]. Resistance to change, and in particular to agricultural intensi-
fication, demonstrated by some rural societies despite the imperatives and incentives
of national policy, can be interpreted more adequately if the concept of the agrarian
system and the laws of its dynamics are used.

This resistance may indeed have its origin in the absence of a need for local
populations to change their mode of exploitation of the environment to the extent
that it satisfies their basic needs, at generally lower labor costs than would be required
for intensification [12].

An agricultural production system is a combination done by farmers of the produc-
tion techniques and means of production of the farms. It includes a number of
interrelated subsystems: cropping system, forage system, livestock system...” [13]:

Livestock system: Vallerand and Richer [14] cited that “the livestock system is a tool
for analyzing preferred livestock activities: on the one hand, the linkages between
the major components of this activity and in the other hand the relationships of
these components with stakeholders. The Breeding System can be defined in a very
general way as the combination of resources, animal species, techniques and prac-
tices implemented by a community or by a breeder, to satisfy its needs by valuing
natural resources by animals [15]. Following to the same author, the breeding system
can itself be broken down into two subsystems. The first one is the management or
steering system, where objectives and information on the environment and the struc-
ture and functioning of the system are defined. The second one is biotechnology
system of production, where production processes and driving patterns are defined
to understand the purpose of producers’ practices and strategies. The breeding system
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contains three main components, namely man, animal, and land [16]. Breeding prac-
tices are the individual practices of ranchers that can be observed in the field. Thereto,
it’s possible to determine categories or typologies of practices presented: practices
of aggregation, conduct, reproduction, renewal, and territorial practices that will be
well developed in the analysis section.

Extensive Systems: Djemalia [17] characterizes this system by the use of natural
vegetation from mountainous areas, pastures, and marginal land. This system most
often involves small-sized herds of small ruminants, camelids, cattle, equidae, and
native poultry. It is characterized by the use of family labor, low productivity, and
almost no health coverage. These kinds of systems are economically unprofitable
but are very well adapted to the environment and very ecologically efficient [18].

Grassland systems: These systems are based on fencing and cultivation of grass. A
grassland system is even more extensive as grass plays a larger role in the animal diet
and that the used surfaces receive less input, and undergo less cultural operations.

They are often described as extensive, using little or no chemical fertilizer and
complementary foods [19].

Pastoral Systems: Pastoral systems use courses frequently for the guarding of herds.
They are also extremely varied, particularly in relation to the diversity and often the
heterogeneity of the routes they exploit: forests, alpine pastures, etc. [20].

Integrated Intensive System: According to Kayouli [21], this system mainly
concerns dairy farming and fattening activities integrated on farms that grow,
exclusively or partially, fodder, etc.

“Landless” or above ground intensive systems: It concerns family-type (all species
combined) and industrial (poultry, rabbit breeding and pig farming) farms in irrigated
and peri-urban areas. Investments are minimized, with limited external funding.

System of culture: The plant system or the system of culture is a “whole succession
of cultures and techniques implemented on a certain surface of ground handled in
a homogeneous way, to obtain a plant production incompatible conditions with the
objectives of the farmer” [22].

Fodder system: At the level of exploitation, the fodder system is placed in the system
of production. It assures correspondence between the system of culture and the system
of breeding and to link with the system of breeding. There is the process of distribution
of various rations of animals [23]. Define the forage system as being the set of the
operations which have for objective to organize the food of the herd from the fodder
resources produced on the exploitation or bought outside [22]. Clear some global
characteristics of systems foragers’ such the performance level, the dependence level,
and the safety level. The elaboration or the study of a fodder system depends on the
consideration of the constraints appropriate set to the exploitation, and the use of all
the available economic and technical references. The constraints concern essentially
the agro-climatic aspects, the availability in the workforce, the needs for the herd, and
the economic environment. The feed balance allows the farmer to compare available
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feedstocks and feed requirements during the year (winter, summer, or both). It is
always accompanied by a feeding plan which studies the use of feed in the form of a
ration adapted to each of the categories of animals concerned. This plan provides for
a basic and supplementary ration [24]. Keeping a grazing schedule helps the farmer
to better manage the pasture on a daily basis. However, it makes it possible to carry
out global assessment of this period and to draw lessons for the future.

3 Study Area

The islands of Kerkennah are located almost 20 km from the coast of Sfax occupying
an area of 15.7 thousand hectares. The archipelago extends from the southwest to
the northeast over a length of nearly 42 km (Fig. 1). The archipelago of Kerkennah
constitutes a delegation attached to the governorate of Sfax. It is composed of two
mainislands: Chergui and Gharbi and twelve islets: Gremdi, Roummadia, ErRakadia,
Sefnou, Charmadia, Lazdad, and six islets of HajHmida [25]. Gharbi Island, named
«Mellita» is the first island encountered when arriving from Sfax. It is triangular,
covered by a large palm grove and has only one village. An ancient 600 m long “El
Kantara” dike, built on the site of a Roman bridge, connects it to the other end of
the archipelago. Chargui Island or “Grandes Kerkennah” occupies the seat of the
Delegation and the main administrative services stelErramla. The total area of the
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islands of Kerkennah is 14.5 thousand hectares, the most important is that of the
imadat of Mellita with 4643 ha. While the imadatd of OuledYaneg occupies the
smallest area of 274 ha.

The Kerkennah archipelago belongs to the arid bioclimatic stage, and it enjoys
a relatively pleasant arid Mediterranean climate with a hot and dry summer and a
mild winter. The topography of the archipelago is characterized by low slopes and
an almost flat, monotonous relief. The maximum altitude is 13 m above the hill of
Ouled Ezzeddine. Its profile is marked by a succession of depressions from 1 to 5 m
of depth “Bh’Iret” which do not exceed 3 m of depth. These depressions are separated
by strings of muddy sand called “Dhaar” in which important deep oaks depressions
connecting the “Bh’Iret” to the high seas were cut, depending on the direction of
the tidal currents [26]. Atlas of the governorate of Sfax. General Direction of Spatial
Planning. 105 p (French). The sebkhats correspond to the depressed areas which
cover an area of almost 62 km? and develop in the coastal areas and extend into the
interior of the archipelago. They correspond to soils without vegetation because of
the high salinity. These lands are bordered in places by sea marshes [27] (Fig. 2).

The grounds of the archipelago are generally light and poor in organic matter. From
the sector of Ramla northward grounds are characterized by calcareous crusting. In
this sector, a big part of lands became salaine. In the region of Mallita towards Sidi
Youssef, we meet sandy grounds and muddy sablo. The low surface of the Kerkennah

Fig. 2 Depressions separated by strings of muddy sand [27]
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Islands and its flat topography does not favor the establishment of important river
systems. The streaming is essentially diffuse.

The drainage of grounds is made through small soil erosions passing by towards
sebkhas which communicate with the sea during the high swamps. Groundwater
aquifers are especially accommodated in marly sands dating the Quaternary. They
are often situated unless 3 m of depth. The salinity is generally lower a3 g/1, whereas
the thickness of the water lens is very low. They are of the order of 1 m, and it
exceeds it only locally. The vegetation of Kerkennah belongs to a mediterranean-
steppic domain, with a steppic series of the Juniper of Oleaster. The steppe of white
Artemisia (Armoisa herba alba) who distinguishes steppes of crusts limestones and
firmly packed, fine grounds in muddyand the steppe of rural artemisia (Artemisia
campestris) who characterizes the steppes of the sandy grounds are present with
farming [28]. The Kerkennah delegation has a total area of 14,582 ha, including
8472 ha of agricultural land. It is characterised by an extensive system based mainly
on sheep breeding. This is in addition to the emergence of irrigated crops on an area
of 400 ha. Most of the cultivated land is planted by olive trees, associated in some
farms with pomegranates or vines, in addition to palm trees growing spontaneously
and which are scattered throughout the islands. Some farmers cultivate fodder crops
in the middle with plantations but on relatively limited areas depending on the annual
rainfall. The total area of agricultural land is 8300 ha, more than half of which are
pasture land.

Sheep breeding is the most widespread in the islands, with a total population of
10,107 head. The average number of head per farmer is 20.336 head for goat breeding
and 76 head for cattle. Concerning poultry, there are two chicken breeding farms,
with 8000 farm chicken breeding poultry. The feeding of the herd is based on grazing
the areas of the range bordering the houses and complementing by the purchase of
straw and hay. Farmers preserve a kind of harvested grain barley from their plots
to make up for food shortages in their herds. Recently, dairy cattle production has
declined due to the constraints faced by farmers, in particular, the increase in feed
loads and the difficulties of disposal [29]. Fishing in Kerkennah is a very ancient
activity and is based on centuries-indigenous. Currently, it remains the main activity
of the archipelago, providing more than 40% of the jobs. The main fishing ports of the
island are those of El Ataya and Kraten. Along the coast, there are also several others
more or less important landing sites. Fishing techniques in the Kerkennah Islands
are distinguished by the practice of cherfias and come in various forms: fixed fish-
eries (fish fishing); gillnets (fish fishing); nasses (fishing for fish); gargoletlonglines
(octopus fishing) and harpoons (sponge fishing). Fixed fisheries mainly develop in
the south-west of Gharbi Island (between Sidi Youssef and El Kantara) and between
El attaya and El Kantara. Average production in the years 2000-2006 is just half that
of the 1980s [30].
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4 Methodological Approach

The survey questionnaire was designed to be adaptable to the diversity of experi-
ences but with a fairly strict framework so that the data could be analyzed more
easily. We, therefore, chose to use as many closed questions as possible, often with
multiple choices, but by giving, when thought it necessary, the opportunity to make
a free comment to complete the answer. The preparation phase is used to acquire the
knowledge and information necessary for the implementation of the survey method.
The survey questionnaire was designed to be adaptable to the diversity of experi-
ences but with a fairly strict framework so that the data could be analyzed more
easily. Initially, data was collected based on the number of breeders: number of
sheep/head, number of cattle/head, number of goats/head and number of house-
holds/imadat for each designation. Then we calculated the percentage of the total
number of breeders/imadat. For each designation, we took the 10% of breeders to
collect 100 breeders (Table 1).

The design of the survey is based on the principle of asking general and then
specific questions. More than 20 questions were asked, grouped into four parts:
farmer identification; general characteristics of the production system, production
system, and breeding system. The information collected is recorded in the current
Excel tables. In view of the large volume of information collected, four tables have
been designed in the: identification of farmers; general characteristics of cultural
system; livestock system and agropastoral relating to the previous organizational
charts. Each table constitutes a pre-analysis matrix. In each matrix, the sum and the
percentage per product are calculated.

Table 1 Breeders’ choice by

. Designation % of breeders/nbr of animals | 10% of breeders
imadat

by imadat
Mellita 14.7 23
Ouledezzidine | 50

OuledYenig 16.7

OuledKacem |34.9 10
OuledBouali | 11.2

Ramla 9.9

Kallebine 15.4

Charki 30.3

Ataya 11.5 11
Najet 33.7 13
Kraten 19.4 8

Total 100
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5 Results

5.1 Identification of Farmer

5.1.1 Key Activity and Socio-professional Category

Figure 3 shows that the survey has been done with the participation of 38% women
and 62% of men. However, Fig. 4 highlighted that fishing is the main activity of
the Archipelago (21%), followed by agricultural activity (10%). The percentage of
housewives contains part of these two part-time activities. The rest of the socio-
professional categories vary between different full-time or part-time activities. With
regard to off-farm activities, fishing occupies a significant or even important place by
presenting 21% of extra-agricultural activities. The main source of income for half
of farmers is the benefits of agricultural products. This result confirms the results
obtained previously, fishing is a socio-economic activity that is considered as an
additional source of income and to improve the standard of living.

Fig. 3 Gender of
investigated populations

Fig. 4 Socio-professional
category

B teacher ®  worker m Sinner
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5.1.2 Family Structure and Farmer’s Intellectual Level

The majority of farmers are between the ages of 46 and 60, which can be explained
by the attachment of farmers to their land and the fact that young people are not
interested in farming (Fig. 5). The family structure is characterized by more or less
numerous families with 5 to more than 7 individuals. This explains the importance
of human resources on the farms.

Nearly half of the inhabitants of Kerkennah are illiterate. The intellectual level
of the rest of the sample is divided between primary, secondary, and third cycle
(Fig. 6). The majority of farmers joining Agriculture and Fisheries Development
Group (GDA) and the Tunisian Union of Agriculture and Fisheries (UTAP) are
important among large farmers who would like to increase their productivity while
being involved in decision-making within these different structures. This explains
the lack of extension and the farmer’s bad conscience.

Fig. 5 Farmers’ age
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5.1.3 Geographic Distribution of Livestock Producers

The distribution of breeders and their housing is based on the number of households
and breeders per imadat. Figure 7 shows Mellita is the busiest space occupied by
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Fig. 7 Geographical distribution of breeders-farmers

herders (20% of farmers). In second place are the regions of Ramla, Ataya, and Najet.

5.2 General Characteristics of the Production System

The analysis in Fig. 8 show that the breeding system dominates with a percentage of
43% compared to the other areas associated with breeding such as arboriculture, irri-
gated, and dry crops. This is due to the high rate of family breeding in the archipelago.
The distribution of production system areas varies from a minimum of 1 ha to a
maximum of more than 5 ha. As for the spatial distribution, there is a variety of trees,
fallow land, and grazing crops. There is a dominance of arboriculture, of which 57%
are farmers who own their agricultural land (private or collective) and who practice
field crops. The others (43%) only practice livestock. The most widespread form of
direct exploitation is the most important in the region. Several factors, including the
fragmentation of land ownership: the predominance of large families and the low
level of agricultural investment, explain the development of direct marketing (owned
by the operator) in the Kerkennah area.
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As far as extra-agricultural activities, fisheries play an important role, accounting
for 21% of extra-agricultural activities. The main source of income for 57% of farmers
is the profits from agricultural products. This result confirms the results obtained
previously, fishing is a socio-economic activity which is considered as an additional
source of income, and in order to improve the standard of living.

5.3 Livestock System

The livestock of the farmers consists mainly of sheep, cattle, and goats. There is a
predominance of sheep breeding with 73% of the types of breeding practiced in the
island of Kerkennah, 19% mixed breeding (sheep and goats), 4% cattle breeding,
3% goat breeding, and 1% mixed breeding (cattle, goats, and sheep). Transhumance
herds with a percentage of 61% compared to sedentary herds with 39% of the herd
(Fig. 9).

] Only livestock

B 75 % arboriculture + 25 % alfaalfas 25 % sorghum
m 100%arboricukture

B 50% aifaalfas 50% barley
m 75%arboriculture + 25 % fallow
m 25%alfaalfas 75% barley

W 50%arboriculture + 50 % fallow
m 25%arboricultures 75 % barley

B 5% arboriculture + 15 Ncactus+ 25 Nalfaalas
5% serghum

75 Mcactus + 25 % arboriculture

m 25%fallow + S0% arboricultures 25 % barley

Fig. 8 Characteristic of Kerkennah Archipelago’s production system

Fig. 9 Mixed breeding in Kratten
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5.3.1 Characteristics of Cattle Farming

Structure of Cattle Farming

The cattle farming is intended only for the dairy production of Holstein/black pie

cattle. The livestock may from Sfax origin (40%) or Kerkennah origin (60%).
However, 80% of cattle herders have a barn with a family workforce (Fig. 10).

Fig. 10 Cattle breeding in Kallebine

Figure 11 shows that before 2011, more than half of the cattle livestock of the
archipelago contains more than 20 heads. While this proportion is totally reversed
after the years 2011 indicating a significant reduction in the number of cattle heads,
less than 5. Indeed, according to the breeders, the reduction in the number of cattle
is accentuated more and more because of the closure of the collection center. Hence,
milk production is generally oriented towards self-consumption with a small quantity
marketed.

m1-5
m5-20
m>20

Fig. 11 Cattle numbers before 2011 (on the left) and after 2011 (on the right) in Kerkennah
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Conduct of Cattle Farming

Only 20% of farmers rely on a full diet of hay, concentrates, and forage crops. Other
farmers (80%) use above-ground feed. This is due to the fact that farmers do not
cultivate fodder crops due to the lack of irrigated in the Kerkennah region with the
exception of Mellita, Ramla, and ouled-Ezzedine.

The distribution of food differs from one breeder to another. Usually, it is done 3
times/day, with a frequent amount of concentrate distributed. For those with small
numbers, the quantity is 1.5-3 kg cc/d. For the rest of the farmers, they distribute
a small amount because of the high food prices. Thus, 80% of breeders have an
intensive (landless) or above-ground breeding. Due to the increase in concentrate
prices, smallholder farmers cannot provide an adequate ration for dairy cattle to meet
their daily needs. They use certain complementary foods such as bran and barley,
believing that it constitutes a complete ration. However, this will greatly affect cow
productivity, production, and health. However, a mortality rate of 1-3% is noted in
cattle of 60% of the surveyed breeders. In addition, the majority of newborns who
are dead have diarrhoea problems.

Beef Farming Practice

The free and compulsory vaccines applied for cattle breeding are foot-and-mouth
disease, tuberculosis, and brucellosis. All breeders benefit from these vaccines
without exception. With regard to prepaid vaccines, only 80% of breeders apply
them for their flocks. These vaccines are presented as a means of prevention against
antiparasites, enterotoxemia, and browning. In addition, 80% of breeders have prob-
lems with the level of driving: no milking parlor, no milking machine, no storage
room, no water tank, and electricity group for water intake, watering of cows and
non-practice of the drying technique.

5.3.2 Characteristics of Sheep Farming
Flock Structure

In the archipelago, most farmers breed sheep from a cross between the Barbarine
breed and the Western Tail Fine breed is known locally as Cherki with a percentage of
more than 30% of the total. Generally, flocks are small and large flocks fairly common
in the past have become very rare. The decrease in the numbers of small ruminants
is mainly due to the decrease in agricultural products and by-products of the farm
and the increase in prices of staple food and the ignorance of the farmer, breeding
conditions (watering, veterinary care, construction of sheepfolds, etc.). Most of the
herd has only one sheepfold, except in large farms; there are several sheepfolds that
separate the herd according to their different physiological state and their different
driving technique.
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Conduct of Sheep Breeding

The distributed basic ration differs from one herd to another, but the majority of
herders (68%) use hay, concentrate and agropastoral foods as a complete basic ration.
Indeed, the feeding of the herd is based on a system of breeding above ground and
cultivated, other breeders insist on their conduct only on the food of purchase (except
ground). The amount of concentrate feed distributed/head/day varies between 100
and 700 g/head/day with 74% of farmers using 100-500 g/t/d of concentrate. The
foods of complementation are very varied in the archipelago.

However, the return to production of planted olive groves produces large quantities
of food (olive cake, olive leaves) used by farmers for the nutrition of their herds. This
development of arboriculture has allowed, in some agro-pastoral farms, integration
between livestock and agriculture which has resulted in an intensification of the
breeding system which becomes more productive and more profitable. In these farms,
the coverage of supplementation with fodder produced on the farm is relatively low
compared to the cropping system (Fig. 12).

Fig. 12 Complementary feeds used for sheep by Kerkennah breeders: a by-product of the palm
(on the left), olive leaves (on the right)

The main complementation foods are barley and bran, which represent respec-
tively 28% and 18% of feed units given to animals. The importance of the role played
by barley in the complementation explains the continuous extension of cereal plant-
ings in the rangelands, despite their low yield and their very negative impact on the
conservation of resources in arid zones. The distribution time of food is generally 2
times/day (54% of farmers) taking into account that the majority of herds are tran-
shumant. Nevertheless, 36% of the farmers make the distribution 3 times/day and
the rest for 4 times/day (Fig. 13).
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Fig. 13 Manual distribution of concentrate feeds to Gremdi Island

Sheep Farming Practice

93% of the breeders do not apply the flushing technique, 90% of the breeders do not
apply the steaming technique, and 82% of the breeders do not apply the technique of
creep feeding. This can be explained by the lack of a precise breeding technique. The
free and obligatory vaccines are blue tangue, enterotoxemia, foot-and-mouth disease,
sheep pox, and brucellosis (Fig. 14). 86% of breeders use these vaccines, the others
who are from Ataya imadat refuse to contact the veterinary services. Regarding pre-
paid vaccine, 59% of farmers apply this vaccine to their flock. Shearing sheep is done
in May, April or June. However, most farmers apply this technique in May with a
percentage of 49%. Anti-squamous bath is a mode of fight against external parasites.

As a performance criterion; prolificity that has a zootechnical performance was
used. According to the surveyed breeders, the number of lambing/year in 65%
of breeders is presented by a single newborn/year, 31% of breeders reaches 2
lambing/head/year. The others may have a newborn/2 year. Analysis of the breeding
of sheep shows that 94% of practice and the lack of extension. Except for ranchers
who use this technique to improve the size of their herds. In fact, 6% of breeders
apply the ram effect taking into account the number of existing sheepfolds. Many
breeders use palm pollen as a means of ram sexual activity during the mating period.
62% of breeders use the reform of rams at the age of 1-2 years, 32% at the age of
2-5 years, and the others for more than 5 years. However, 63% of breeders have a
mortality rate of 1-3%.

The sorting criteria vary between breeders, 14% of breeders consist of the confor-
mation of the animal, 10% on the conformation and criteria of the sheep mother and
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Fig. 14 Treatment of the
free vaccine by the
veterinarian of the
archipelago

77% of breeders do not practice this sorting technique. The products sold are sheep
meat and wool; 79% of the products are only meat and the rest are wool and meat.

5.3.3 Characteristics of Goat Farming
Goat Structure

The production destination of goat breeding is estimated as following 100% fattening
compared to milk production which is very negligible since in Tunisia the consumer
prefers cow’s milk, despite the benefits of goat’s milk. Speaking about the breeds
present in Kerkennah, we find two main breeds which are: (i) local (Tunisian) breed
with 49% of the herd, (ii) Damasquine breed with 20% of the herd and (iii) alpine
breed (imported) with 31% of the herd.

Nevertheless, the majority of breeders have sheepfolds with a percentage of 89%,
which indicates that the livestock sector has a very important role in the agricultural
economy of the Archipelago (Fig. 15).

Conduct in Goat Breeding

The number of lambing in the goat exceeds 1 new born/year the mating season is not
against the season. There is also a lack of triage within the goat herd.
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Fig. 15 Goat farming in Kallebine imadat

Practices in Goat Breeding

The type of mobility encountered is transhumance which is a seasonal, cyclical move-
ment of the breeder and his herd in search of better food conditions. Neither Flushing
nor steaming nor creep-feeding is applied by goat breeders. Free and compulsory
vaccines are applied to all goats. However, the prepaid vaccine is applied only by
21% of breeders. This is the parasite vaccine. 21% of breeders use the services of
the veterinarian alone in case of an emergency. The scab bath is a technique applied
in August in the sea by 21% of goat breeders.

5.4 Agro-pastoral Forage System

According to data analysis, 76% of farmers have agro-pastoral systems whose type
of crop system has the following percentages: 65% of farmers rely on grazing land,
11% of farmers have forage crops, and the rest of the farmers rely on two types of
Crops.
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5.4.1 Parcels Cultivated in Forage Crops

The spatial distribution of plots grown in forage crops is shown in Fig. 16. The largest
percentage of parcels are in Ramla (36.10%). The area of the plots varies: 70% of the
plots have an area between 0.5 and 1 ha, 20% of them have an area greater than 0.5 ha,
and the rest of plots have an area less than 1 ha. The distance of these plots from the
head office of the holding varies from 10 m to 1 km or for 90% of the farmers. This
distance is greater than 150 m. On the other hand, these plots are generally private
(85%), the others are collective (13%) or public (2%).

Based on the synthesized forage calendar, alfalfa is sown throughout the winter.
Whereas feed barley is usually sown only once a year (46% of the plots are grown in
alfalfa and barley and 31% in barley and alfalfa). Harvest products are either grown
and given green to the animals or dried and kept until winter. This helps to address
food deficiencies in winter. Sorghum is often grown only once a year, and some
farmers spread their production over two years (Table 2).

0 5 Km

Fig. 16 Share of forage crops by Imadat in Kerkennah



110 F. K. Allouche et al.

Table 2 Feed schedule applied by farmers in the archipelago

Sep. Oct. Nov: Dec Jan. Feb. Mar Avp. Ma. Jui Jul.  Aug.
Alfalfa
Sorghu
m
Barley

Cultural Techniques

The method of irrigation for dry plots accounts for 72% compared to 28% for irrigated
plots. The type of irrigation can be either in the form of a water valve (94%) or a
water basin (6%).

The distance between the plot and the water points is about 100-500 m for 50%
of the farmers, 100 m for 36%, and more than 500 m for 24% of the farmers 14% of
farmers apply amendments, and 81% have access to organic matter (manure) after
each crop. Phytosanitary treatment is absent.

Grazing and Cutting Action

84% of the herders estimated that 20-50 sheep graze in the plot and the rest of the
herders practice mixed breeding of 20-50 sheep and 20-0 goats on the cultivated
plot.

The time left per day for the flock is divided as follows:

e For 2 weeks (87% of the herd stays 1-3 h, and 13% of the herd stays 4-7 h and
those in barley and alfalfa plots (flowering stage);

e For 3 weeks (87% of the herd stays 1-3 h, and 13% of the herd stays 4-7 h and
those in the plots grown in sorghum.

Farmers estimate that the herd can be kept either by the breeder himself (24%)
or the breeder and his family (14%) or by a worker (62%). The workforce is 100%
permanent.

The cutting period differs from one forage species to another. For barley, the
cutting period is 1-4 months with 1 cut/4 months. For alfalfa, the cutting period
varies from 1 to 2 months, with 5 cuts/year for 5 years. Whereas for sorghum,
6 months are recorded as a cut period with 1 cut/year. Thus, the food value of the cut
food of the plot presents for 80% of the breeders as a basic ration and for the others
is considered as a supplement. Finally, the destination of the sold crop can be either
for self-consumption (96%) or for sale (4% of breeders).
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5.4.2 The Forage Course

The map of the transhumance circuits adopted by the breeders of the Archipelago
is illustrated in Fig. 17. It is noted that the majority of Kerkennah breeders prac-

Fig. 17 Transhumance circuits adopted by the Archipelago breeders

tice transhumance while those of imadats of Mellita and OuledEzzdine do not
apply this technique. It is mainly attaya breeders (22%) who practice transhumance,
which according to them, this technique has important benefits on health and animal
productivity.

Pasture on the Forage Course

96% of the breeders exploit routes all year long. The reason of the access to the
pasture to the majority of the breeders is to assure the basic ration of the livestock,
for the 11% of the breeders it is complementation.

Type of Vegetation

Animals are led on routes to steppic vegetation. This plant place setting is subjected

since a few decades to overexploitation which is translated by the rarefaction the best
pastoral species. To cover the fodder deficit of routes, complementation, often with
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barley, is given to animals. The duration of the complementation varies according
to the years from 3 to 12 months by the years. Widely state-subsidized feeds at the
beginning of the years, allowed the intensification of the breeding and the increase
of staff on routes.

Cuts of Route Plants

35% of the breeders make one cut per day, and the others apply 2—4 cuts/week. The
taken species are thyme, artemisia champetre, atriplexe, artrocnemum and cactus.
The people who cut Plants on the route are generally the breeders. The interest of
these plants is to be used as complementation for 87% of the breeders.

6 Discussion

According to the results presented previously, we note that the sector of breeding
is averagely developed in the Archipelago. It is only the big breeders who follow
the standards of breeding; the oldest of them are convinced by the application of
traditional conduct, but the young one tries to improve their conduct. However, the
closure of the collected center since 2011 has strongly contributed to the reduc-
tion of the application of the bovine breeding in the Archipelago. So, there is a
clear need for agricultural extension services to support education and awareness of
breeders. In the Archipelago, a dominance of the ovine breeding (73%) based on an
aboveground farming system is noted. The majority of the breeders use the hay, the
concentrated, and the agropastoral food as basic ration completes what establishes
a constraint. Furthermore, the analysis of the ovine reproduction system shows that
94% of the breeders do not practice the mating against the season, which explains
the lack of knowledge of the breeding conduct. Also, more than half of the sheep
and goat breeders do not apply the techniques of flushing, desteaming and of creep-
feeding. This ignorance establishes a constraint for the development of the sheep
and goat breeding in the Archipelago, from where the importance of the popular-
ization. According to the future strategy planned by the Archipelago farmers, they
provide the increase of the cultivated areas in barley and olive grove and the intro-
duction of the smooth cactus to ensure the success of their breeding. The increase
in goat numbers is expected. However, attention is paid to rangelands since 65%
of breeders apply transhumance. Mapping the transhumance circuits adopted by the
breeders of the Archipelago shows the interest of this technic, but it is necessary to
study these displacements to ensure the conservation of the natural resources of the
Archipelago ensuring the sustainability of natural resources. This first diagnosis of its
kind applied mainly to the breeding system of Kerkennah’s archipelago has allowed
a detailed characterization. However, this work deserves to be more thorough and
completed to identify the agrarian system of the whole archipelago. Few works have
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been followed in this context but others have treated biodiversity [31], sustainable
management [32], ecotourism [33] and [34], plant diseases [3] etc.

7 Conclusions

In Tunisia, the agricultural sector remains of great economic and socio-political
importance because of its contribution to the achievement of national objectives
in terms of food security, income generation, employment, regional balance and
management of natural resource [35]. However, the scarcity of water resources, soil
salinity and the frequency of high winds are all factors that did not favor the develop-
ment of agricultural and livestock activities that remained subsistence activities [36].
Thus a good diagnosis will allow a better analysis of the agrarian system. Moreover,
the applications of new technologies such the use of high resolution images, GIS
spatial analysis and mapping will better improve this diagnosis.

According to results found in this research, this agrarian system can be classified
from the major MENA farming systems to the Dry land Mixed System one identified
by Dixon et al. [37]. These authors have mentioned that during the period 2000-2030,
the population of MENA region is projected to almost double from its present. This
could have a considerable negative impact in areas with fragile or vulnerable soils
and sloping land, and will certainly be of importance for water resources everywhere.
Then, some priorities proposed by them for this kind of system can be recommended
to our case study.

e Priorities should be focused on regulatory measures for access and use of land
and water resources, as well as on technology development.

e A new approach to research is called for in order to develop crop varieties with a
shorter growing period, drought resistance, and improved grain and straw quality.

e Pastoral areas could be managed sustainably through the revival of, and support
for, older institutions for control of communal grazing areas.

e Monitor management systems, including both urban-based and pastoral stake-
holder groups.

e Apply a new legislation that will protect the steppe environment and ensure sound
long-term management of soil and pasture resources.

e Introduce the concept of agricultural sustainability and global food security.

8 Recommendations

The development of the extension to the farmers by integrating the approach of the
participative management will play a crucial role in the development of the agrarian
system and will ensure sustainable conservation of the agro-pastoral resources of
the Archipelago, and then it is recommended to support education and awareness of
breeders.
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Likewise, we recommend decision-makers to use the agrarian diagnosis method
merged to new agronomic technologies for planning a future strategic plan [38]. Has
proposed the introduction of this technology to improve the quality production, with
the concern to save water in irrigable areas and to cultivate varieties adapted to the
weakness and the irregularity of the pluviometry in rain-fed areas, using energy-
saving techniques energy and inputs from oil. The recommendation can be applied
to different MENA agrarian systems.
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Precision Farming Technologies )
to Increase Soil and Crop Productivity L

Abdelaziz A. Belal, Hassan EL-Ramady, Mohamed Jalhoum, Abdalla Gad,
and Elsayed Said Mohamed

Abstract Excessive information, and practical experience, in crop and soil manage-
ment, and new agriculture technology, have been accumulated over time. To meet
the increasing need of humanity for food, a new farming concept known as Preci-
sion Farming (PF) or Precision Agriculture (PA) or Site-Specific Land Manage-
ment (SSLM), is developed in recent years. This concept is a new approach leads
to develop the agricultural processes for increasing soil and crop productivity,
while saving efforts and costs. Precision farming includes many techniques such as
Global Positioning Systems (GPS), Geographic Information Systems (GIS), Remote
Sensing (RS), Yield Monitoring, Variable Rate Application (VRA), Yield Mapping,
Site-Specific Management Zones (SSMZ) and Crop Modeling. SSMZ is considered
as an important factor of PF application. SSMZ delineation can be improved based
on the accuracy of determined of soil and crop characteristics which are used for
managing and sustaining soil functions. The improvement of land management, at
the field scale, will be based on better characterization of soil variability and crop
properties within-field. This can be carried out through mapping soil and crop proper-
ties with high resolutions, compared with the traditional way. The goal of delineating
site-specific management zones (SSMZ) is to get a better explanation of the actual
variation within the field. Soil sampling by traditional methods and laboratory anal-
ysis are not cost efficient or timely enough. The Grid soil sampling and management
zone are found the most important methods for precision farming to collect soil
samples. The grid soil sampling is elaborated by dividing a field into a square of
cells. However, recent research estimated single soil chemical and physical attribute
by using various sensors order to reduce costs and improve management zone delin-
eation. SSMZ map can be produced from a single layer of data, or combinations
of different data layers including, topographic attributes map, yield map, soil maps,
and soil nutrients maps. The farmer can use SSMZ map to select which produc-
tion and management strategies plans are required and where they should be placed.
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Therefore, Implementation of this technique under the status of developing countries
is necessary to increase soil and crop production, reduce costs, increase farm prof-
itability and reduce environmental risks and desertification processes (Mohamed in
Arab J Geosci 6:4647-4659, 2013 [1]).

Keywords Precision farming + Management zones * RS + GIS + GPS + VRT

1 Introduction

Crop cultivation, of course, dates back to the earliest age of humankind. The human
has been cultivated and managed soil and crops since the ancient ages. The soil and
crop management ideas have been developing with the civilization. Although most
of the efforts of ancient people mainly in collecting foods for their life, their efforts
increased by the time about soil and crop management as well as the development
of new advanced farming techniques [2, 3]. The few examples of such activities
are shifting cultivation, crop rotation, irrigation and manure their fields. With the
time goes, the people become more and more worried about crop and soil manage-
ment practices which have the main effect on increase soil and crop production.
Identification of site-specific for crop requirements, e.g., soil and climate, fertilizer
and manuring, information on the monitoring of pest and disease and their control
measures give the farmers’ ability to plan and manage their field and other agricul-
ture operations in an efficient method to increase farm income [4—6]. Conventional
farming management plans use a whole-field, in which each field is treated as a
homogeneous area, and the variability in soil properties, topography attributes, local
weather conditions, and land use and land cover are not considered [7-9].

In precision farming (PF) or Site-specific land management (SSLM), the farm field
is classified into “‘site-specific management zones” depending on soil pH, yield rates,
pest invasion, and other factors that affect soil and crop production. Management
decisions become in need for each zone and SSLM tools [10, 11], for example, remote
sensing, GPS, and GIS are used to observe zone variable rate inputs. This method
differs from traditional farming due to the traditional farming used a “whole field”
approach where the field is considered as a homogeneous area, but SSLM method
classifies the field into zones based on the field variability [12, 13]. Management
decisions in traditional farming depend on field averages and inputs, which applied
uniformly across a field. The advantage of PF or SSLM includes management zones
with a higher possibility for an economic return receiving more inputs if needed than
less productive areas. Therefore, the maximum economic return can be achieved for
each input through the field [14].

The application of new advanced technology in order to increase agricultural
productivity becomes an urgent solution to meet the food demand of the growing
population [15]. The rapidly changing in the world and decreasing arable land due to
urbanization and industrialization, the agricultural productivity needs a 70% increase
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in production levels. There are many new innovations in information and communi-
cations technologies that can be used in the agricultural sector in different areas of
precision farming, including the use of farm management software, wireless sensors
and the use of the agricultural machinery. Remote sensing technique is an important
factor in precision farming [16].

Different components of technologies used in precision farming include remote
sensings such as satellites, aerial photography, UAVs, GIS, GPS, the variable rate
application, and geostatistics. This geostatistics technique is an associated technology
with precision farming, and it is known as a part of applied statistics. It used for
calculates the spatial dependence and spatial structure of measured properties and
in data transformation, uses that spatial structure to detect values of the properties
at unsampled locations on the field. The Interpolation is a method normally used for
predicting unknown values of neighboring locations. Also, spatial modeling can be
considered associated techniques used for precision farming and also is known as
variography, whereas spatial interpolation is called kriging [17, 18].

There are several important applications for precision farming in arable land,
including increasing the efficiency of fertilizer use, depending on the three macronu-
trients nitrogen, phosphorus, and potassium. In the traditional agriculture, the rates
of these fertilizers are inputted uniformly distributed everywhere on the field at
specific times within the year. This precision farming is allowed to increase different
applications in some locations and reduced applications in others ones. Many envi-
ronmental risks are generally based on the increasing agricultural inputs, which it
leads to nitrogen and phosphorus leaching from the field into the surface and ground
waters. By using PF technology, fertilizers could be applied in more accurate quan-
tity in different spatial and temporal component to improve the variable rate appli-
cation [19]. This technique is called Variable Rate Application (VRA). It allows
the farmer to be able to control the quantity of fertilizer rate inputs in agriculture
lands, which it contains a variable-rate (VR) control system with application equip-
ment to apply variable rate inputs at an accurate time and location to understand the
site-specific management variable rate application. These VRs are designed on the
basis of previous measurements from remote sensing or machine-mounted sensors.
Complete Variable Rate Technology (VRT) systems built from the integration of
Differential Global Positioning System (DGPS) receiver, computer, VR software
and the controller to make VRA work [20, 21].

2 Definition of Precision Farming

Precision farming or precision agriculture has many definitions, and these defini-
tions are often affected by the commercial equipment or technology currently in
mode. Precision farming can be defined as a management system, which it depends
upon the information and technology or is site-specific management and it uses
one or more of the following data sources: soils properties, crop growth parame-
ters, nutrient maps, pests, soil moisture content and yield map, for maximization
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of the economics, sustainability and conservation of the environmental farm [22].
On the other hand, precision farming refers to the systems that assess variability in
soil and crops through the field. Then, Information, which was collected in these
assessments, could be then used to develop site-specific management practices for
optimizing soil and crop yield production [23, 24]. The term of precision agriculture
can also be known as the precision farming systems, Site-Specific Crop Management
(SSCM) or Site-Specific Land Management (SSLM). Moreover, SSLM is defined as
the method for managing cropland based on the local environment using the current
field variability techniques. It can also be defined as the management of local vari-
ability in SSLM plans [5]. Meantime, site-specific crop management is the manage-
ment of soil and crop production inputs such as water requirements, fertilizer rates,
gypsum requirements, seeds, herbicides, insecticides in the soil on field variability
basis such that it would support to reduce waste, increase profits and protect the envi-
ronment from risks [25-27]. SSLM seems to be one of the advantage technologies
in soil and crop production in a new century. Panda et al. [28] defined site-specific
crop management as one way of precision agriculture, which involves geospatial
reference, soil, crop and climate monitoring, variability mapping, decision support
systems and differential action to increase soil and crop production with minimal
input.

3 Benefits of Precision Farming Technology

According to Folnovic [29], the goal of precision farming is to increase agricultural
yield production and decrease the environmental risks. However, the benefits could
include the following points:

e detecting soil properties and plant physicochemical parameters including elec-
tromagnetic conductivity inductions, nitrates, temperature, evapotranspiration,
radiation, leaf area index and soil moisture,

e getting data in real time by installing the remote sensing instruments in the fields,
allowing continuous monitoring of the selected attributes and will offer real-time
data, ensuring an updated status soil and plant parameters at all-time as well as
getting better information for management decisions and farming planning,

e saving time and decreasing the costs through reducing fertilizer costs and other
agrochemical applications by reducing the use of chemicals as well as reducing
tillage operation,

e supplying the farmers with good farm information and databases, which it is
essential for sale and succession and

e integrating farm management software, like Agrivi, to make all farm activities
easier and to increase farm productivity.

The increased efficiency of the management plan will come about through a good
understanding of the interaction between environment, soil, crop and more detailed
information using of new advanced and current information technologies such as
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short and long-term crop growth modeling, soil conservation, climate predictions
and agro-economics modeling. Precision farming management is a cyclical process
(Fig. 1). The farmer can start farming depending upon “site-specific land manage-
ment” information and needs seasonal planning, the program of data collection, and
analysis of data in order to complete the cycle of the precision farming management
strategies plan. Soil analysis should be don before planting, and data analysis also
should be finished for calculation and mapping of the variability in soil properties,
which will be used at any time and by any method for variable rate application.
Through crop growing season, the monitoring crop condition will do by starting the
work by monitoring different values of seeds based on the data and use the variable
rate application of fertilizer, which is determined based on soil, plant and water anal-
ysis. Crop growth is accomplished for research on many attributes such as variability
of soil properties, water requirement, weeds, pests or diseases. At harvest time, the
yield crop monitor system which is installed inside the combine provides the varia-
tion in soil and crop growth status based on the geographic location and map of crop
growth status across the farm according to its geographical location [30, 31].

In order to collect and use information with high effectively and efficiently, it is
significant for the farmers who used precision farming should have a good knowledge
of the new tools of precision farming technology. These new precision farming tools
are content hardware, software and recommended practices [32].
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Fig. 1 Precision farming cycle (modified after Goswami et al. [30])
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4 Global Position Systems (GPS)

There are many applications for global position systems under precision farming
approaches, including mapping of soil and crop variability, farm management plan-
ning, soil sampling design, machinery orientation, crop scouting, variable rate tech-
nology, application mapping and yield mapping. The farmers can use GPS under
different conditions such as low field visibility like rain, dust, fog, and darkness.
Several tools could be developed for GPS by equipment manufacturers. They help
farmers and agribusinesses to increase soil and crop productivity and effectiveness
in their precision farming strategic plans. GPS equipment could be used to collect
georeferenced information for delineation field boundaries, collect soil and plant
sampling, variable rate application, roads network, irrigation and drainage systems,
and crop scouting, e.g. waterlogged, weeds or plant disease. Increasing the accu-
racy of GPS enables farmers to produce farm application maps with high precise
acreage. Also, farmers could use a GPS system to go to precise locations within the
field, periodically, to collect plant and soil samples or detect plant growth status.
The possibility to collect information about farm activity with Geo-reference gives
farmers the ability to analysis, interpretation, map and visually characterization for
agricultural processes. These provided vision into both production variability as well
as inadequacy in soil and crop production and farm operations [33]. Using a Differ-
ential Global Positioning System (DGPS) is the best way to reduce GPS errors. This
DGPS is included two things space and ground-based segments that together contain
a radio-navigation facility in a DGPS system, where the GPS receiver antenna is
placed at a precisely known location. GPS errors will calculate depending upon this
receiver station by matching it is with the existing location to the location calculated
from the GPS signals. This error information is sent to the machine receiver antenna,
which uses it to correct the position information which it is calculated by GPS signals
[34]. DGPS corrections can be broadcasted by tower-based or satellite-based systems
(Fig. 2).

5 Remote Sensing

The term of remote sensing (RS) is to collect information from a distance for an object
without physical contact and analysis, process and interpretation of this information.
According to [36], reported that the earth is considered as important to study target
by remote sensing. Remote sensing devices are normally collect and measurements
of electromagnetic energy. These contain a wide range from the human eye to remote
sensing satellite which is used for precision farming.

The most commonly remote sensing devices used for the precision farming appli-
cation are the color, color infrared aerial photography and videography usually adopt
for several applications in precision farming. Also, remote sensing can be used for
precision farming through a number of way for providing an application of soil



Precision Farming Technologies to Increase Soil ... 123

GPE‘ S:llcllil&' GPS S;llcllilti GPS Satellite GPS Su[c]lilq

GPS Data

GPS Data
GPS Data

GPS Data

Radio Tower
GPS/DGPS Receiver

DGPS Data
? GPS Antenna

Mobile Platform

DGPS Base Station

Fig. 2 DGPS tower-based and satellite-based systems (modified after Soares et al. [35])

and plant growth status as well as variability to build decision support system and
management plan [37, 38].

5.1 Satellite and Aerial Photography Remote Sensing
Jor Precision Farming

Remote sensing images taken through the growing season are very important to study
crop status through the grown season and at its end the growing season (Fig. 3a).
Produced yield maps from remote sensing images can be used to give an idea about
farm management plan when the farmer does not have yield monitor systems [39].
The same authors mentioned the relationship between yield and the normalized
difference vegetation index (NDVI) is highly related. The results showed that yield
is highly significantly related to NDVI with a correlation coefficient of 95%. The
crop yield can be calculated from NDVI based on the strong relationship between
yield and NDVI. Figure 3c shows the crop yield map measure from remote sensing
images related to the relationship between yield and NDVI. This map shows the
yield variability within the field. Also, this yield map has the same spatial pattern
comparing with the colour-infrared image and classification map (Fig. 3b).
Hyperspectral remote sensing device is very important in agriculture application
depending upon it collect reflected information in a wide spectral range at small
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Fig. 3 a A colour-infrared
digital image, b a four-zone
classification map, and ¢ a
yield map (modified after
Yang et al. [39])

(c) Yield map

spectral resolution is around 10 nm. It gives good opportunities to study soil and
crop characteristics [33]. Hyper-spectral remote sensing data can be used in precision
farming include the following:

(1) Getting images for the bare soil to delineation management zones, (2) detecting
weed distribution, (3) monitor N stress in a plant, (4) produce yield mapping and (5)
monitoring plant disease and pest. Hyperspectral remote sensing imaging is impor-
tance tool for precision farming application through using it in the variable rate
application. It can be used to design management plan through the grown season for
nitrogen fertilizer depending on spatial variability in chlorophyll content within the
field [40].
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5.2 Unmanned Aerial Vehicle (UAV) for Precision Farming

The commercial name of Unmanned Aerial Vehicle (UAV) can be called UAV or
Unmanned Aircraft System (UAS). UAVs have been recently implemented in the
precision farming study in order to solve the limitations of conventional remote
sensing systems, e.g., satellites or aerial photo, which demonstrated to be incompe-
tent in addressing and monitoring agriculture problems. The availability and high
spatial resolution for satellite images at exactly crop growth status are the most
limitations in PF such as the range of time to get the suitable images is usually very
small. Based on this situation, UAVs have been normally used for image surveys such
as mapping weed in coffee farms, finding the anomaly in the fertilization delivery
system and determining maturity analyses [41]. UAVs have also been implemented
for analysis of soils variability, pest problems solutions, detecting variation in fruit
ripeness, and measurements nighttime temperatures for frost mitigation [42]. The
smaller size of electronics such as computers and remote sensing sensors gives a
new chance for increasing the efficiency of remote sensing applications. Despite
the current restrictive regulations, the use of UAVs equipment with small RGB,
hyperspectral, LiDAR, and/or multi-spectral sensors has become as a promising
alternative for produce modeling, mapping, and monitoring applications in soil and
agriculture management [43]. Increasing continuous technological developments of
remote sensing UAVSs are increasing the spatial, temporal and radiometric resolution
of the image available for study the issue of land and crop management. However, the
Low costs and small size of the UAV are benefits in recognizing agricultural moni-
toring. The three common types of unmanned aerial vehicles include: utilized fixed
wings, helicopters, and multi-copter (Fig. 4). The competence and applicability of
such systems depend on multiple factors such as the aircraft mass, payload capacity,
average dimensions, flying range, average speed, low expenses [44].

Elarab [46] used the UAS acquired imagery in the visual, near infrared and thermal
infrared spectra with spatial resolution of less than a meter (15-60 cm) and used
applied a machine learning algorithm (relevance vector machine) to the five band
imagery red (R), green (G), blue (B), near-infrared (NIR), and thermal infrared
(TIR) to estimate plant chlorophyll content, NDVI, LAI and leaf nitrogen content

EE—

Fig.4 Three examples of UAVs: a fixed-wing; b helicopter; ¢ quadrotor (after Valavanis et al. [45],
SpringerLink)
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Fig.5 Show UAS True colourimages, NDVI maps, LAl maps, and chlorophyll map for the different
growth stages (modified after Elarab [46])

respectively for oat crops in modern center pivot irrigation sprinkler system (Figs. 5
and 6). The high spatial resolution imagery is taken by UAV proximately 15 cm
resolutions can be used to measure crop evapotranspiration or ET (see Fig. 7).

Low-cost remote sensing method like UAV is given a good chance for getting
images with high spatial resolution over the areas of different size comparing with
an aerial photograph and satellite images. The fixed wings or rotor-wing UAV are
used in soil and crop survey which it can fly in different locations and conditions.
UAV has a wide range application in the geomorphologic and environmental study
[47]. d’Oleire-Oltmann et al. [48] the low-cost remote sensing devices are used for
detecting and mapping soil erosion by water in Morocco. They studied the gullies
erosion due to it has a highly effect on soil degradation in arid and semi-arid regions.
Alexakis et al. [49] used UAV to study the soil roughness and soil erosion by water
in two different study area in Greece and demonstrated that, gully erosion affect soil
loss and soil degradation. Moreover, the assessment of the quantity of soil roughness
is essential and influence due to its effect on soil water holding capacity and soil
infiltration rate.



Precision Farming Technologies to Increase Soil ... 127

Plant Nitrogen
(mg/100mg D.T)
e High : 5.6

S ow O

0.05 0.1 0.2
llllllllt\-[ijesN

Fig. 6 UAS, True-colour maps (left), the estimated plant leaf nitrogen estimate map (right)
(modified after Elarab [46])

5.3 Proximal Soil and Crop Sensors for Precision Farming

Remote sensing techniques include many different sensors system installed on
airborne or satellite platforms. Proximal remote sensing sensors record their measure-
ments directly at the field where, the surface and subsurface soil properties can be
studied at specific locations [50]. This technology can be used at different levels
in the field, and it allows measuring a set of soil characteristics directly. The bene-
fits of single location measurement can use in different applications, produce high-
resolution digital soil maps based moving sensors and measurements are taken close
to the surface of the landscape [51]. There are two different proximal sensors one of
them for soil and the other for crops measurements. Crop proximal sensors have been
developed in the last two decades to measure physiological and morphological char-
acteristics such leaf area index, biomass, water stress index, plant height, chlorophyll
content, nitrogen content, that show the status of crops [52]. Proximal remote sensing
sensors are mounted on ground-based vehicles and its collect the remote sensing data
in the same way of the sensors that are used to collect aerial or satellite imagery. The
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Fig. 7 UAS, reflectance in false colour (left), Mapping Evapotranspiration with Internalized Cali-
bration (METRIC) reference evapotranspiration fraction (ETrf) output (centre), TIR (Celsius) map
(right) (modified after Elarab [46])

difference between the ground-based systems and aerial or satellite imagery, it uses
their light source to detect the soil and crop situations. Based on speciality, they can
be used 24 h a day and any day regardless of its condition. These sensors produce an
image in the area of the field, which they pass across. The information collected by
the sensor is transformed to a reflectance index directly. This can then be tagged with
location information from Global Navigation Satellite System (GNSS) and stored
to make a map for later use or used in conjunction with variable-rate technology to
control changes in fertilizer or chemical application while driving across the field
[53]. Figure 8 shows some of the proximal crop reflectance sensors. Commercially,
there are two types of sensors that can be used to measure soil salinity (EC) in the
field; contact and non-contact. Both of them give similar results.

The first sensor type is made of electrode coulters that contact with the soil and
measure the electric conductivity. This technique has two to three pairs of coulters
placed on a toolbar; one provides the electrical current to the soil (transmitting elec-
trodes), and the other (receiving electrodes) measures the voltage drop between them
(Fig. 9). The second sensors type is non-contact EC sensors based on electromag-
netic induction (EMI). Electromagnetic induction does not contact the soil surface.
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Fig. 8 A crop circle sensor and B Yara N sensor (modified after Whelan [53])

It contains two coils; transmitter and another is a receiver (Fig. 10) generally placed
at adverse ends of the unit. A sensor measures an electromagnetic field that affected

by the concentration soil salinity [54].

The benefit of the on-the-go sensor technology is an effective way to supply rapid
measurements, cost-effective, and getting high-resolution soil properties assessments
to help site-specific management decisions. The essential soil properties do not have
strong absorbance or reflectance lineaments in the visible and near-infrared (VNIR)
spectroscopy range (400 and 1400 nm) or do not have correlated with primary soil
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Fig. 10 Non-contact type EC sensor (modified after Grisso et al. [54])

properties that output VNIR lineaments. Therefore, a sensor fusion approach is ideal
for in-field assessment of soil health. The use of soil apparent electrical conductivity
(ECa), and penetration resistance measured by cone Penetrometer (i.e., cone index,
CI) sensors with VNIR to improve assessment of biological and physical aspects of
soil health [55]. Overall, proximal sensors or on-the-go sensor technology has the
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possibility to assessment and inclusive soil health index for improved performance
sustainability, profitability, and environmental protection [56, 57].

6 Geographic Information System and Precision Farming

Geographic Information System (GIS) is a tool that analyzes, captures, stores
manages and presents the data. A GIS depends on space and time dimensions
as the base for all other applications. The basic concept of precision agriculture
is collecting, analyzing and interpreting data in addition, making a decision. GIS
systems supply interpretation and analysis tools that can be used as requirements for
precision farming. It also provides a framework to build the data base and informa-
tion for researchers, planners, decision-makers and other users. GIS is a term used
for characterization of the data and has the ability to storage, manipulate, and present
of data geographically [58, 59].

Precision farming is a new technology used to manage and improve the agricultural
production, that depends on the field variability, where the application of irrigation,
nutrient and seeding, should be considered of a given field. Furthermore, GIS could
be used to generate and analyze complex view about the investigated fields and
provide agro-technological decisions [60, 61]. Zhang and Taylor [62] Illustrated
that field-level geographic information system (FIS) could be used as a research
tool for precision farming. FIS is an integrated tool that depends on a raster-based
geographic information system that developed for precision farming. Data collected
by farmers is then used by GIS software for analyzing, and mapping then can support
the farmers for the required information (Fig. 11). GIS is considered the central
component of precision farming technology. The data which farmer has the list of
coordinates and random data without GIS due to the data cannot be useful information
without analyzing and interpretation them using GIS software. Still, when looking
to it from a general overview, the needs and essential steps in precision farming may
seem difficult. However, its effects and benefits appear to overbalance the necessary
dedication on the part of the farmers which is clearly visible both at the level of
implementation and the primary data offering [63, 64].

7 Soil Sampling Techniques for Precision Farming

The main purpose of precision agriculture technology is to increase fertilizer appli-
cation efficiency according to crop requirements. The objectives of precision farming
technology improve the efficiency of nutrient application and other inputs for crop
production at precise locations where it depends on soil variability.The precision
farming technology considered as the main means to success nutrient management
plan where it depends on the optimum soil sampling techniques at the field and
their variability. Soil sampling technique affects the results of soil analyses and
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Fig. 11 Some of the components related to GIS in precision farming (modified after Zhang and
Taylor [62])

nutrient crops program. The method of soil sampling supposes much greater impor-
tant when implementation precision farming or site-specific management, because
of the precision farming needs to assessment variable rates of nutrient and their
applications and maximizing the profits of the precision farming. For developing a
soil sampling strategy, the integration of precision farming technology should take
into consideration as the most important issue [65]. The Grid soil sampling is the
most importance methods for precision farming, and it is subdivided into configura-
tion cells (commonly squares), and the soil sample is taken from each of these cells
[66]. Fist technique for soil sampling is the grid soil sampling technique which has
several types that include a regular systematic point, staggered start point, systematic
unaligned point, and random composite cell [67]. Figure 12 shows an example of a
regular, systematic sampling scheme. One soil sample would be taken from each of
the center-stratify circles [68].

The random soil sampling is the second technique, which collects soil samples
from all across the grid without any direction in the grid center (Fig. 13). The sampling
pattern will not be harmonized across the cells, but this approach will ensure good
randomization. The disadvantage of this method due to take more time and different
sampling points has to be single accessed through the grid area [65]. Both center
and random sampling techniques can be produced based on “Feature to Point” and
“Create Random Points” tools, respectively [68]. Crozier and Heiniger [69] reported
that the third technique for soil sampling is called as direct or management zone
sampling. This technique depends on field variability to reduce the number of samples
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Fig. 12 Grid centered soil sampling (modified after Mylavarapu and Lee [65])

Fig. 13 Random soil sampling schemes [65]
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Fig. 14 Directed soil sampling schemes a based on previous land use and b based on prior crop
yields [69]

while still recognizing zones of differing nutrient status as well as crop growth and
yield variability based on different factors. Some of these factors related to soil
characteristics and other factors are due to the land management program. If a uniform
soil factor effect on yield variability in a field, then the distribution of this factor,
or the distribution of crop yield, can assist in the design of a soil sampling scheme
(Fig. 14).

8 Variable Rate Technology (VRT)

Variable-rate technologies (VRT) can be used for many agriculture practices and
it is an automated system. The terminology of VRT systems is to apply variable
rate at the right time, right place, and right quantity based on the variation of soil
and crop [70]. Some farmers can use variable rate application with a conventional
sprayer. Map based and sensor-based are the two types of VRT technology. The first
method is map based which it depends on the variability in maps such as crop yield,
soil characteristics and variable rate application. This method can be used using
many different management plans. the farmer and decision maker have integrations
different factors such as soil proprieties, topographic attributes and yield mapping
to produce a different strategic plan for farm management. Figure 15 shows the
map-based system for the variability of soil and crop input application rates. The
second method is sensor based which used sensors to measurement the soil and crop
characteristics. The measurements are taken by the sensor then analysis and control
variable rate application directly (Fig. 16). This method does not need any DGPS
but needs more data analysis to design the variable rate application plan [14, 71].
The sensor based system contains two kinds of sensors (Fig. 17). These sensors are
placed on a strip or spray boom then directed in the soil. When the plants have much
a chlorophyll content (green), the reflectance signal increase above the threshold,
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Fig. 16 The sensor-based system for variable application rates (modified after Ess et al. [71])

then the control unit sends a signal to a solenoid to be triggered by the valve to
spray the herbicide [14, 72]. Optical sensors record light reflectance to detect crop
and soil characterize. These optical sensors, too It can simulate the human eye to
recognize different soil properties by using near-infrared, mid-infrared spectroscopy
techniques. On the same principle techniques of the aerial photograph or satellites
remote sensing [73]. Figure 18 shows the cross-section in optical sensor structure.
Theory of VRT built with the capability of farm field equipment to accurately
oversight the variable rate application (VRA) of crop inputs and tillage operations.
VRT can be divided into granular, liquid and gaseous form based on the type of fertil-
izer materials (Fig. 19). VRT system includes a GPS antenna, computer, controller,
and geographic information systems map and database. The computer control unit
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Fig. 18 The cross-section for the optical sensor (modified after Adamchuk and Jasa [73])

determines the interaction of the applied crop variables. The controller includes a
spatial database using GIS, along with a precomputed flow rate system. The GPS
receiver is integrated with the computer, the equipment location on the map supply
by the GIS unit through the computer monitor and used the location coordinates from
the GPS unit. The GIS system contains various variables related to crop inputs that
are applied to equipment in the field. The actual applied rates at each location will
be recorded and stored the information in the GIS computer system by the observer
[33].
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Fig. 19 Variable rate
application monitors [74]
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9 Yield Monitoring System and Mapping

The most important thing in precision farming is to understand the variability within
the field for soil characteristics, crop yield, and crop growth condition. Also, PF has
interested in the analysis of the limitation factors affecting plant growth. Finally, it
important thing in precision farming to put management factors based on crop needs
[75].

The continuing development of yield monitoring systems helps farmers to put the
plan for the variable rate of planting and fertilizers application.

Yield mapping also, helps decision maker and farmers to know the different
productive areas in the field, and they can evaluate if different planting popula-
tions will give a high return on their application. The farmers or producers use the
yield map of the previous crop to estimate the fertilizer application rate based on the
nutrient depletion from the soil in the previous crop [76, 77]. Figure 20 show combi-
nation of yield monitors systems. They contain three parts, user interface (keypad
and display), a console located in the combine cab and data storage device. While
it has different types of sensors such as a grain flow sensor, grain moisture sensor,
separator speed sensor, header height sensor and ground speed sensor. The volume
or mass of grain yield is to measure by grain flow sensor [78].

Gaumitz [79] reported that the size of the harvester combine makes a difference
in accuracy as a smaller, research combine covers a smaller area and is, therefore,
more precise than a regular sized combine. The yield monitor itself requires routine
calibration and monitoring by the combine driver to ensure the best results. The
yield map is generated from the thousands of points captured by the yield monitor in
ArcGIS. The number of points varies greatly depending on the size of the field and
harvester combines (Figs. 21 and 22).
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Fig. 21 Example of cleaned yield points generated using Yield Editor Software (modified after

Gaumitz [79])

10 Site Specific Land Management (SSLLM) and Soil
Productivity

Site-specific land management (SSLM) is the technique of managing

cropland in its

local environment, taking into consideration the current types of the field variable.



Precision Farming Technologies to Increase Soil ... 139

Emmert 2014 Yield
Yield Value

o [ soew [ Bounday
oo [ 20250

00150 [ 250-300

Fig. 22 Yield Interpolations map for Emmert (in bushels per acre) (modified after Gaumitz [79])

L 1 1 | S S T TN T |

It can also show that managing local field variability is the core point in SSLM
management plans [5]. Miller et al. [80] reported about three elements that should
be achieved in for SSLM to be implemented. These elements include (1), important
current factors that have spatial variability within-field that impact on crop yield, (2)
source of this variability within—field can be specified and assessment and (3) the
collected information from these assessments about field variability can be utilized
to adjust the soil and crop management plans to increase farm income or to decrease
environmental risks. Many types of research on SSLM have explained that several soil
properties have high spatial variability within the field. The evaluation within this field
variability and its adequacy play an important role in success SSLM planning, but one
should be taken into considerations to its applicability and profitability. Laboratory
analysis and spatial interpolation should be involved in this field variability, and
this is behind that what can be economically assessed using soil sampling [81].
Spatial variability can occur on a variety of scales, between farmers regions and
fields, or within the same fields. Soil chemical characteristics can have spatially
varying content of nutrients, pH, salinity and organic matter. The uptake of these three
significant macro-nutrients (N, P, K) by crops could be included nitrogen, phosphorus
and potassium. Spatial variation in nutrients can happen, based on uptake by plants,
filtration or changes such as liming application process.

The most soil physical properties including soil texture and structure also have
effects on spatial variability in the field. The term of soil structure is the arranging of
soil particles and voids in any specific volume of soil. Soil structure has an impact on
the physical characteristics through gas propagation, water movement and plant root
mooring, while soil texture impact crop yield by affecting supply nutrient variability
and water and gas movement. The spatial variability in soil texture within the field
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based on the geologic operations cannot easily be influenced by farming activity,
while soil structure can be influenced by farming activity through cultivating. The
soil structural and compositional variability is based on the property considered [82].
Whelan [83] categorized this overall variability in soil attributes such as soil textural
and structural variability; variability in soil organic matter; soil moisture variability;
variability in soil nutrient content and their availability and variability in soil pH.
Belal et al. [84] studied the soil properties affecting the wheat crop in the center
pivot field. Soil salinity was interpolated between sampling locations for the speci-
fied sampling depths by ordinary kriging geostatistical interpolation technique. Also,
the soil variables, including pH, organic matter (%), calcium carbonate content (%),
available nitrogen (mg /kg), available phosphorus (mg /kg) and available potassium
(mg /kg) were interpolated and mapped with Inverse Distance Weighted (IDW) inter-
polation technique for management zone extraction [85]. Figures 23, 24, 25 and 26)
show the interpolated soil variables maps.

Soil texture plays an important role in the absorption of oxygen and growth of
the potato tuber due to the potato crop is highly sensitive to the soil physical and
chemical properties and especially texture. It needs low-soil density and good perme-
ability, well aerated, rich in soil nutrients and good water retention capacity. Also,
soil texture is an important soil factor for selecting the suitable agrotechnical and
agrochemicals methods to be used to increase and improve soil fertility [86]. He
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Fig. 23 EM vertical signals map (modified after Belal et al. [84])
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Fig. 24 Soil salinity mapping (modified after Belal et al. [84])

reported that the amount of soil salinity could be used to increase crop production
in real time, only if we take into consideration other factors, such as data on yield
production, seeds, the biological factors, the fertilizer and agronomic knowledge of
the area. In order to achieve this objective of increasing productivity, it is essen-
tial to take into consideration both the soil and the plant parameters. By doing the
correlating between these two factors will reach to the following objectives: get the
good decision for fertilization the plants and the right research regarding the devel-
opment of the soil’s fertility. It could be improvement soil fertility if we used the
right technologies as well as supporting cultivated plants and recovering depleted
nutrients. These methods will help in the design of the soil fertility plans, in the
end, take into consideration the agrochemical indices of the soil. This type of land
management has classified the land into different site-specific management zone
(SSMZ), which is divided into classes of a field that has a relatively uniform combi-
nation of yield-limiting factors. This SSMZ is normally produced from one layer of
data or integration of different data layers containing topographic attributes, yield
map, soil maps, soil salinity maps and soil fertility maps. The farmer can use the
produced SSMZ map as an index to set which type of crop can be planted as well as
soil conservation and management strategies are required, and they must be applied.
The site-specific management zone is just an accepted method in many developed
countries. Therefore, implementation of this new technology under the situation of
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Fig. 25 Soil saturation percent map (modified after Belal et al. [84])

developing countries and trying on experiments in some villages is necessary to
increase soil and crop production as well as reducing both cost and environmental
risks [87, 88]. A number of methods could be used to delineate effective management
zones, including soil-based approach, yield map-based approach and the combina-
tion of soil and topographic attributes information to define management zones.
Saleh and Belal [89] produced the map for management zones of 154 Fadden of
wheat center pivot field at East of Nile Delta in Egypt for use in precision farming
technique depending on the spatial variability of soil and topographic attributes. The
geostatistics, principal component analysis, and fuzzy logic techniques were used to
analyze information and produced soil management zones. These Techniques were
demonstrated to be a viable method for the area, lead to the delineation of uniform
and distinct regions through them related to soil and topographic attributes. The result
represented the five management zones are the suitable number for adequacy used
in farm management. The main factors selected for delineation management zones
are soil apparent electrical conductivity (EM38h), soil saturation percent (SP), and
digital elevation model (DEM). The delineated management zones can be used to
explain the spatial variability in soil and topographic properties (Fig. 27).

Belal et al. [58] used integrated approaches of some soil information with crop
data to delineate subfield management zones. The soil data included ECa, pH, TDR
(Time Domain Reflectrometry) but the plant data were included yield map, NPK,
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Fig. 26 pH map (modified after Belal et al. [84])

NDVI, chlorophyll A, B. Spatial models were produced based on the Model Builder
tool in ArcGIS 10.1. In the Model Builder, a spatial model is displayed as a diagram
that looks like a flowchart. The model used to the yield prediction as a base layer
and then run to choose only those yield predictions within the base layer. In the
final choose prediction map, dark red is related to the areas with the highest yield
prediction; light red related to the areas with the lowest yield prediction (Fig. 28).
Figure 29 shows the structure of spatial modeling to produce management zones
with many layers.

11 Profitability Map of Application Precision Farming
Technology

The variability of crop yield is the important issue for farmers to calculate economic
analysis within the field to get a precise assessment of risk. The farmers can get
a clear idea of choosing new agriculture technology over the conventional method
when they compare the net income before and after the application of the SSLM
[5]. Profit maps are very important in determining knowledge of the economics of
crop production, as they show spatial improvement and compare yield data over time
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Fig. 27 Classes of management zones for the center pivot (modified after Saleh and Belal [89])

periods (in dollars). Hence, it is considered an effective tool for accurate decisions.
Also, profit map for crops and over the years gives a good characterization of farm
profitability over time and location. The decision maker can know where areas of
the field were above or below economic benchmarks across years depending upon
interaction cost and price data. Single crop profit maps let the decision maker assess
how specific areas of the field can differ in profitability by crops over the years
[90, 91]. Bazzi et al. [92] found that the prices of agricultural crops are constantly
variable due to seasonal variation and demand, therefore it is difficult to predict the
appropriate times in economic terms that affect farm profitability (equivalent 1) and
the difference between total income and total cost.

P=Y %PP— Prc (1)

where:

P = profit;

Y = yield (ton ha™');

PP = sale price of the product (US$ ton™!);

Prc = production cost (US$ ha™!).



Precision Farming Technologies to Increase Soil ... 145

31°58'30"E 31°58'45"E 31°59'0"E
‘z " N N :z
g| N S
8 3
=Z =z
e in
3 8
z z
? H
3 8

Mangment Zones

. o

I wedium

I o

: - —— \eters
I ey High 0 75 150 300
31°58'30"E 31°58'45"E 31°59'0"E

Fig. 28 Management zones map for the study area (modified after Belal et al. [58])

The total cost of the agricultural process includes (depreciation of machinery and
tools, depreciation of improvements and formulations, organization and correction
of soil, capital, and insurance) as well as operating and improving expenditures for
maintenance, labor, seeds, fertilizers, and pesticides. General costs, external trans-
portation, technical assistance, insurance, and benefits). Figures 30 and 31 showed
produce yield mapping for soybean and profit (Tables 1, 2 and 3).

12 Conclusions

The precision farming or precision agriculture or site-specific land management is
relatively a new farming technology for increase soil and crop production, however,
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zones based on soil and plant properties [58]
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Fig. 30 Spatial distribution maps, a Yield, b profit and ¢ profitability of Soybean in 2006 (modified
after Bazzi et al. [92])

precision farming technology includes remote sensing, GIS, DGPS, yield map, vari-
able rate application, soil sampling, and site-specific management zones. The main
aim of precision farming include, the good understanding of soil and crop vari-
ability within-field and follow up by farm management inputs depending on the
main source of the variability Moreover, this precision farming technology is the
purpose of assisting management of agriculture resources in farm return and envi-
ronmentally effective methods in the spatial and temporal field variability. In the
last two decades, precision farming technology has been more and more developed,
including mechanization and automation. Site-specific management has been an
important sector of the agricultural system of the developed countries, but imple-
mentation of this high technique of precision farming to farm through the farmers
in developing countries is still very slow and needs a lot of extension efforts and
farmer motivation.. Due to most farmers do not know new information technologies,
e.g. remote sensing, GIS, and GPS. The government should be made to increase
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Fig. 31 Yield and profit maps for the harvest of Soybean2003 (a), Corn2004 (b), Soybean2006
(c), and Soybean2007 (d) using kriging method (modified after Bazzi et al. [92])

Table 1 Showed production cost of Soybean 03, 06, 07 and Cron crops (US$ ha~!)

Culture/harvest Soybean-03 Cron-2004 Soybean-06 Soybean-07

Production cost 270.90 366.90 641.28 632.35
Source SEAB/PR [93]
Table 2 Showed selling price of corn (US$ ha™!)

Year July August September October November December
2004 88.0 85.0 87.67 83.0 82.33 79.83
Source SEAB/PR [93]
Table 3 Showed selling price of soybeans (US$ ha™!)

Year March April May June July August
2003 188.50 199.66 189.00 192.83 182.17 184.33
2006 181.83 180.00 173.33 191.00 188.17 186.33
2007 232.50 223.00 233.67 242.33 245.33 156.50

Source SEAB/PR [93]



Precision Farming Technologies to Increase Soil ... 149

investments to educate farmers for the application of new methods and technolo-
gies in agriculture. The size of the agriculture land is another problem for adopted
precision farming technology in the third country like Egypt. Egyptian farmers and
experts should use the PF experiences that have been used by developed countries
such as USA, Germany, Japan. In conclusion, integrating new technology for farm-
lands management and provided investment in agriculture are two essential issues
that help to improve Egypt’s agriculture production.

13 Recommendations

Farmers in developing countries still rely on traditional systems in agricultural oper-
ations, as the same procedure is applied to their crops, even in different condi-
tions of climate and soil. Farmers need very high costs to obtain higher production
compared to the application of modern technologies aimed at improving and effi-
cient land management. Precision farming systems can be implementation in devel-
oping country through collect information about soil and crop using new information
technology as the following [94]:

e Spatial management depends on collecting information from the soil that
illustrates the spatial variation of crop and soil characteristics using GPS.

e Remote sensing and geographic information systems have increased the efficiency
of agricultural operations, such as plowing, planting preparation, seeding rate,
fertilizers, pesticides, and the efficiency of irrigation use in modern systems.

e The integration between different data using geographic information systems has
led to increased accuracy of mapping and spatial prediction of soil and crop
properties across a field, as these maps allow a detailed representation of spatial
change within a field by creating a homogeneous map.

e Decision support systems rely on the integration of knowledge about the effects
of field variation on crop growth and the degree of responses to appropriate
agricultural operations—to achieve a higher rate of accuracy in decision validity.
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Implementing an Environmental )
Information System in Data-Scarce L
Countries: Issues and Guidelines

Abdelhamid Fadil, Mohamed El Imame Malaainine, and Younes Kharchaf

Abstract Integrating the environmental dimension into socio-economic develop-
ment strategies has become a requirement for the sustainable development. To reach
this goal, it is necessary to monitor the state of the environment in order to iden-
tify, manage and supervise the different environmental issues and to determine the
appropriate responses for them. This objective cannot be achieved without organizing
environmental data in an information system that can be used and updated by all the
actors and partners concerned by the environmental questions. The aim of imple-
menting an Environmental Information System (EIS) is to develop an integrated
framework for the storage, production, management and exchange of environmental
information in a decision-making perspective. However, availability and scarcity
of data remain a major obstacle for realizing such systems, especially in developing
countries. This study aims to discuss the issues and processes of EIS implementation.
It details the environmental monitoring models and the challenges related to building
the environmental databases. An overview on the EIS implementation in developed
countries was carried out, and an example of EIS in MENA region (Morocco) was
presented to extract syntheses and recommendations in order to define a guideline
to implement a successful EIS especially in data-scarce countries.

Keywords Environmental information system + Environmental monitoring *
Environmental data + Indicators + Data-scarce + Morocco

1 Introduction

The relationship between development and environment was the main focus of the
World Charter for Nature of 1982. The World Commission on Environment and
Development (WCED), known as the Brundtland Commission, will introduce in its
report in 1987 the concept of sustainable development. This report pulls the alarm
signal about the need to take into account the preservation of the environment and the
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sustainability of natural resources in the halt to growth [1]. It announces also the lack
of decision-making structure and institutional tools at the national and international
levels to address environmental issues and the requirements of sustainable develop-
ment. The Earth Summit in Rio de Janeiro in 1992 will highlight this concept and
institutionalize it through a set of conventions, protocols and declarations that target
the protection of the environment, the safeguarding of ecological balances and the
adoption of a model of sustainable economic development [2]. Summits and confer-
ences will follow in order to concretize the principle of sustainable development
and insist on the right of future generations to inherit a clean planet and a healthy
environment [3].

Guidelines have been issued everywhere to establish a regulatory framework and
decision support tools for protecting the environment and conciliating the require-
ments of socio-economic development with those of the environment preservation
[4]. Having information about the environment state and follow her evolution in time
was one of the major recommendations of the various earth summits [2]. For this,
different countries have embarked on the race to set up their environmental databases
and implement tools in order to manage, analyze and synthesize these data. Envi-
ronmental Information Systems (EIS) have sprung up so all over the world [5]. They
were developed to study and manage environmental issues and problems in different
thematic dimensions and spatial-temporal scales.

To make a decision, data is required, and processing is needed to transform the data
from its raw state into valuable information. Decisions should be based on reliable
and accurate information and knowledge [6].

For this purpose, we need a:

e Model: It lets to construct a simple representation of the real world perceived as
very complex. When it is simplified, reality can be understood more easily, its
components and interactions can be defined and studied in different dimensions.

e Data: It describes the environment (real world). It is collected regarding the model
used. The analysis of the environment state and its evolution is done based on data.

e Information system: To store, manage, process and analyze data and generate
useful results for decision support systems.

These points are the main components of the process of implementing an infor-
mation system. Applied to the environment domain, these elements are illustrated in
Fig. 1.

EIS implementation is hampered in general by major obstacles, particularly in
developing countries that suffer from a cruel lack of data [5].

This study aims to draw up the issues and challenges meeting the EIS implemen-
tation, especially in data-scarce countries and provide some answers to overcome
these difficulties. The study details the EIS implementation processes illustrated in
Fig. 1. It presents an overview of the EIS implementation in northern countries as well
as an example of an EIS in MENA region (Morocco). It concludes with a discus-
sion where we present guidelines for deploying operational EIS in the context of
data-scarce countries.
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Fig. 1 Environmental information system implementation process

2 Environmental Monitoring Models

The first approaches to measuring the effect of development on the environment
are oriented towards description [3]. Their main goal is to create information that
describes the changing state of the environment. The following models and those
developed primarily from the 1980s refer to the principle of cause and effect [7].
Several approaches, based on this principle, were then conceived and implemented
in different zones and contexts. The best known and most used are: PSR (Pressure-
State-Response) model, DSR (Driving Force-State-Response) model and DPSIR
(Driving Force-Pressure-State-Impact-Response) model [3, 8].

2.1 PSR Model

The PSR (Pressure-State-Response) model was developed by the European Orga-
nization for Economic Co-operation and Development (OECD) in the 1980s. It is
based on the idea that human activities exert pressures on the environment (pres-
sures) [9]. These activities reduce the quality of the environment and put in danger
natural resources (state). Society responds then by trying to provide solutions to these
changes by adopting environmental, economic and social policies (Responses) [10].

The PSR model declines these items throw indicators that describe the environ-
mental pressures and state as well as the responses of society [11]:
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e Pressure Indicators: They describe the pressures exerted by human activities
(energy, transport, industry, agriculture, etc.) on the environment.

e State Indicators: They describe the environmental conditions. They concern the
quality of the environment as well as the quality and quantity of natural resources.

e Response Indicators: They reflect the society’s involvement in responding to envi-
ronmental issues. Individual and collective actions and reactions are of several
kinds: removing the adverse effects of human activities; stopping the damage
already imposed to the environment or seeking to repair it; protecting nature and
natural resources. Concretely, the society tries to respond to regulations, taxes,
subsidies, pollution reduction rates, etc.

2.2 DSR Model

The DSR model (Driving Force-State-Response) was designed from the PSR model.
It replaces the “pressures” component with a broader notion of “driving forces”.
The aim is to consider the positive as well as the adverse environmental impacts of
policies that were missing in the PSR model [12].

The concept of driving forces highlighted by this model describes the activities,
processes and human behaviors that can positively or negatively influence the sustain-
able development. It also targets to identify more effectively the addition of social,
economic and institutional indicators [13].

2.3 DPSIR Model

The DPSIR model (Driving Force-Pressure-State-Impact-Response) was set up by
the European Environment Agency (EEA) from the OECD PSR and DSR models
[14]. This model adds a new component which is “Impact” to describe the complex
interactions between Society and Environment [15].

The five elements of the DPSIR model are linked by causal links. The driving
forces that drive human activities cause pressure on the environment, which results
in a change in the general state of the environment. This will have an impact on
nature, humankind, and assets. According to the severity of this impact, it will react
and cause a reaction (response) of civil society. This fifth element (reactions) brings
together all the measures and political instruments implemented by society to ensure
the protection of the environment in an integrated way [14]. They concern the other
four elements: preventive measures directed towards the driving forces, curative
measures towards Pressures and the State and palliative measures towards the State
and the Impact [16].

DPSIR is the model recommended and used by most environmental agencies
around the world [17]. It is more oriented towards the evaluation of environmental
policies and decision-making since it makes it possible to represent information on
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Fig. 2 DPSIR model components [19, 20]

the environment in a simple and efficient way through a multidisciplinary indicators
system [18].

The different components and interactions of the DPSIR model are illustrated in
Fig. 2 [19, 20].

From the DPSIR, several specific models have been generated and adapted to
different requirements and domains. Patricio et al. have identified about thirty adapta-
tions of the DPSIR model to the different environmental issues (Agriculture, marine,
water, atmosphere, forest ...) [17].

Hence, Environmental models are simplified representations of the real world that
make it possible to express the different components and relationships of the terrain
considered according to a specific approach [21].

To move from the conceptual level of these models to the concrete and quantified
level, the data is required. It is one of the key elements of the information systems.

3 Environmental Data

3.1 Environmental Data Categories

Data is a fundamental prerequisite for monitoring the state of the environment.
Without data, no policy or protection strategy can be carried out. The environmental
concerns all aspects of human life and its interaction with the natural space. It is in
direct or indirect relation with everything that happens on the earth. The assessment
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of the state of the environment must, therefore, consider all these interactions and
fields [22]. Using models makes it possible to formalize and express these different
cause-and-effect relationships and present them in the form of indicators calculated
from environmental data [16]. Models are often based on a system of indicators that
describes the different components of the adopted schema (driving forces, pressures,
state, impact, activities, actions, responses...) [12].

The data necessary for monitoring the state of the environment are no longer
focused just on the natural space and resources. They cover all the fields and domains
describing the relationship between the society and its environment [13].

As an example, the repository of indicators for monitoring the state of the environ-
ment in Morocco contains nearly 300 indicators divided into several fields, themes
and sub-themes as shown in Table 1 [23, 24].

Access to a wide range of high-quality information is fundamental to understand
and protect the environment. However, these data are produced and managed by
several institutions and organizations and vary in space and time. Hence, to build
useful information and suitable indicators for monitoring the state of the environ-
ment, effective data exchange must be ensured between producers and users of the
environmental data.

3.2 Environmental Data Exchange

Information and communication technologies were developed extraordinarily so that
today we are talking about connected objects, Internet of Things, IP6, etc. The world
of computing science has also seen a major change towards adopting standards that
promote system interoperability and data exchange [25]. Paradoxically, by moving
away from this technological aspect, the reality shows that the level of information
exchange remains very limited especially in developing countries. This finding is
further intensified in the classic domains where the rate of automation is quite low
[26].

The field of the environment is distinguished by its multidisciplinary character.
As an example, to study the impact of a landfill on the environment, it is necessary to
combine the data of soil, geology, water, air, population, land use, topography, etc.
These data come from various institutions and have to be gathered and crossed to
carry out the study.

To answer the environmental questions, an effective data exchange has to be
established. In this way, many goals can be achieved especially:

e Guarantying access to different environmental data themes by adopting the
principle of “offering one type of data and benefiting from all other types of
data.”

e Using knowledge in a clear and effective way by crossing different data themes.

e Reducing data production and maintenance costs by pooling and sharing
investments in data collection and data update.
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Table 1 Fields and themes of environmental monitoring in Morocco [23, 24]

Field Theme Sub-theme

Natural environment Climate
Water Water quality, use of resources...
Air Air quality...
Soil Soil use, quality...

Biodiversity and ecosystems | Protected sites...

Climate change

Natural risks Flood, earthquake...
Socio-human environment | Socio-demographics Population, training,
employment...
Resource consumption Water, Energy...
Liquid and solid sanitation Wastewater, solid waste. ..
Health and hygiene Infrastructure, impact on public
health...
Sustainable development Actors, policies, expenses,
control...
Economic environment Agriculture Land use, livestock, actions...
Industry Production, rejections...
Trade Infrastructure...
Mines et quarries Density, rejections. ..
Energy Infrastructure, production,
rejections...
Transport Density, actions for
environment...
Tourism
Craft
Technological risks
Space and territory Housing et urban systems Urbanization, regional
planning...
Forest Density...
Coastline

e Ensuring the quality, reliability and integrity of data by assigning responsibility
for each type of data to a specific organization.

The benefits and rewards of sharing and exchanging data are so evident that no
one can do without today [27]. However, we note that the major obstacle that hinders
the development of information systems including the EIS is the lack or scarcity of
data [28]. This situation is most evident in developing countries where the problem
of data access is pointed out as the major problem obstructing the implementation of
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information systems. In the context of these countries, several factors may explain
this situation:

e Data is sometimes considered as a source of power. Sharing the data is then
equivalent to a sharing of power.

e The cost of building the databases is very high. It represents over 80% of the
project budget in some cases. Sharing the data with others is therefore seen as a
waste of the investment made on creating these data.

e Poor data quality sometimes prevents people from displaying and distributing it.
The best way to hide this quality defect is to keep them in-house.

e The framework and policy of data exchange are not often defined and formalized.
In the absence of exchange agreements, most stakeholders prefer to keep their
data to avoid assuming any responsibility that may arise from the use of these
data.

The success of any information system depends mostly on the availability and
quality of the input data. The quality and reliability of the results are just a reflection
of those of the input data.

4 EIS Purpose and Functions

4.1 EIS Definition and Functions

Bourgeois defines Information systems (IS) as interrelated components that work
together to collect, process, store, and disseminate information to support decision
making in an organization [29].

EIS is an IS that manipulates environmental data. It follows the same processes
like any other IS. The main purpose of EIS is to create a federated and interoper-
able system where different categories of environmental data can be stored, aggre-
gated, combined, exchanged, updated and assessed. It aims to provide environmental
stakeholders with reliable, up-to-date and synthesized information to facilitate the
decision-making and the state environmental monitoring [30].

The main functions of an EIS are: acquisition, storage, analysis and visualization
of information. These functions are presented in Table 2.

When implementing EIS, two dimensions should be specified:

e Geographical: It defines the spatial extent of the study area covered by the EIS.
It can cover the whole earth, continent, country, region or county.

e Thematic: It defines the domains or themes of the environment considered by the
EIS. This dimension can be global when all themes are considered or specific
when the EIS is dedicated to one or some specific themes (biodiversity, water, air,
waste ...).
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Table 2 Main functions of environmental information system (EIS)

Function Consistence

Acquisition Ensure data production and update
Ensure data access and exchange

Storage Organize, structure and archive the environmental database
Synchronize, formalize and homogenize data

Analyze and processing | Facilitate data use

Meet needs and requests of users

Cross and combine different types of data

Detect environmental state changes

Represent the evolution of environmental parameters on a
spatial/temporal scale

Visualization Visualize and search data, indicators, and different combinations of
data and indicators

Represent results and summaries in different forms: reports, graphs,
statistics, thematic maps, dashboards

Distribute environmental state information

The combination of these two dimensions determines the spatial and functional
scope of the EIS. They define the range of data that will be required by the EIS as
well as their spatial-temporal variation.

4.2 EIS Architecture

Like any decision support system, the ultimate goal of an EIS is to support decision-
making through the implementation of an environmental information management
platform. This makes it possible to collect, organize and analyze in one place, multiple
data from different sources.

To setup an EIS, the targeted real-world environmental issues are translated, based
on a model (DPSIR for example), into data (input). The data are then processed,
analyzed, crossed and aggregated by the information system in order to produce
results (output). The outcomes can be represented in different formats: reports,
statistical tables, graphs, interactive maps, dashboards.

The core of the EIS is the processing block which is the main function of any
information system. This part usually consists of an application server and a mapping
engine that allow both the processing and analysis of attribute and spatial data. This
core is usually designed as a client—server or web architectures. Data storage is
provided by Database Management Systems (DBMS).
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5 EIS Benchmarking

5.1 International EIS Overview

The aim of analyzing environmental information systems at the international level
is to establish a review in terms of uses and approaches and to draw a synthe-
sized overview of the structures and components of these systems. Several systems
are studied at the global level (United Nations, Europe) and at the level of certain
countries (United States, Canada, Switzerland).

5.1.1 Information System of the United Nations Environment Program
(UNEP)

The United Nations Environment Program (UNEP), founded in 1972, is the highest
environmental authority of the United Nations. Its mission is to act as a catalyst,
advocate, instructor and facilitator to promote the wise use and sustainable devel-
opment of the global environment [31]. It also aims to be a source of inspiration
and information for countries and populations and a facilitation instrument that will
enable them to improve the quality of their lives without compromising the future
generations’ one [32].

In terms of environmental information management, UNEP has established a
global network of environmental information centers for managing the global envi-
ronmental resources database called GRID (Global Resource Information Database).
The GRID has a global network of 15 environmental data centers managed by
UNEP’s Pre-Alert and Evaluation Division (DEWA). Each GRID regional center
manages its database and updates it through its partners (FAO, UNESCO, World
Bank, regional or national organizations, research laboratories ...).

GRID’s objective is to provide and facilitate access to environmental data and
information for decision-making and environmental policy-making. It also aims to
set a solid basis on which UNEP can rely for its study of the world’s environmental
state [33].

These data are managed through a data portal called “GEO” which is the frame-
work used by UNEP and its partners to manage and assess the environmental issues.
This online database contains more than 500 different parameters distributed into
several categories:

e Geospatial data (maps) covering different themes such as water, forests, emissions,
climate, disasters, health and population.
e Statistics at the national, regional or sub-regional level.

This information can be visualized in the form of maps, graphs and tables. It can
also be downloaded in various formats.
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5.1.2 Shared Environmental Information System (SEIS) of Europe

The Environmental Information Sharing System (SEIS) was created by the European
Environment Agency (EEA) in 2008 in response to the challenges of managing envi-
ronmental issues that Europe faces. The aim is to improve the collection, exchange
and use of environmental data and information throughout Europe [34]. SEIS targets
also to set up an online information system to simplify and modernize existing
environmental information systems and processes.

SEIS has been designed based on an approach according to which the environ-
mental information must be [35]:

Managed as close as possible to its source

Collected once and then shared between partners and users interested in this data
Accessible to all users to meet data needs and facilitate reporting tasks

Shared in order to allow comparisons and to draw evolution curves of environ-
mental phenomena

Available and readily usable for the general public

Standardized to facilitate its exchange and processing by different information
systems.

SEIS is implemented as a web platform consisting of a set of tools and interfaces
for displaying and managing data in the tabular, graphical and cartographic form.

It deals with the different themes and issues of the environment at the scale of
Europe: Water, Air, Emissions of gases, energy, urban waste, biodiversity ...

An SEIS extension to the neighboring countries of East and South has also been
put up through support and assistance programs for these countries.

5.1.3 Information System of the European Directive “INSPIRE”

The INSPIRE directive, drawn up by the European Commission through its Direc-
torate General for the Environment, aims to establish a geographic data infrastructure
in Europe to ensure interoperability between databases and facilitate the diffusion,
availability, use and the reuse of geographical information in Europe [36].

The INSPIRE directive is based on several founding principles of a Spatial Data
Infrastructure (SDI), namely the data must be [37]:

e collected once to avoid duplication. It should be then stored, made available and
updated by the most competent authority

e combined with other information coming from different sources across Europe

e shared between different users and applications

e shared by all other public units if the original data is collected by a public
institution, regardless of their hierarchical or administrative level

e described through metadata to know what information is available and under what
conditions they can be acquired and used.
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The information system of INSPIRE offers a set of features and services to
discover, visualize and query the different types of data managed. It ensures their
presentation and manipulation according to the standards that were designed for
maximum interoperability between the databases involved in this European directive.

The data managed within the INSPIRE framework concern both general data
(topography, administrative boundaries, hydrography, transport networks ...) and
environmental data (Air, water, ocean, biodiversity, protected areas...).

5.1.4 Information System of the US Environmental Protection Agency
(EPA)

The United States Environmental Protection Agency (EPA) was founded in 1970 to
address the high concerns of environmental pollution issues. The objective of this
federal public institution is to consolidate in a single entity a variety of research, moni-
toring, management and enforcement activities to ensure environmental protection
at the US federal level [38].

Environmental information management at the EPA is achieved through a set of
databases and several tools. Access to this information is organized by using a single
interface called “Envirofacts” which provides access to all environmental data via
a federal web portal for searching information either by study area (county, basin,
park ...) or by theme (Air, water, soil, waste, toxic materials, radiation ...).

The choice of the environmental information leads to an interface that makes it
possible to list all the properties associated with this information (metadata), to view
the measured values of this data, to locate the measuring network for the parameter,
and to download the data in various formats (text files, Excel, KML or Shapefile).

This portal also has a geospatial system entitled “EnviroMapper” that allows to
spatially represent all environmental information with arich cartographic background
composed of satellite images, aerial photos, vector layers (roads, hydrographic
network, cities ...) and address layers.

5.1.5 Environment Canada Information System (EC)

Environment Canada (EC) is the federal organization responsible for the management
and protection of the environment in Canada. Its primary role is to ensure a healthy,
clean and sustainable environment through credible science, effective regulations
and laws, successful partnerships and high-quality service delivery [38]. Its mission
is to preserve and enhance the quality of the natural environment, repair damage,
enforce legislation, and coordinate environmental policies and programs on behalf
of the federal government.

EC environmental information management is conducted through a set of indica-
tors called Canadian Environmental Sustainability Indicators (CESI) that provide
data and information to track the performance of the country in environmental
sustainability issues, such as climate change, air quality, water quality and nature
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protection [39]. These environmental indicators are derived from a set of information
that identifies environmental trends.

These indicators are prepared by “Environment Canada” with the support of
other federal departments as well as provincial and territorial departments. They are
designed and developed through methodologies and data regularly obtained from
surveys and monitoring networks.

This environmental information is presented through a geoportal that allows
display data in different formats: tables, graphs, texts, interactive maps and
downloadable files.

5.1.6 Information System of the Swiss Federal Office
for the Environment (FOEN)

The Federal Office for the Environment (FOEN) is the Swiss organization responsible
for the sustainable exploitation of natural resources, such as soil, water, air and forest.
It is responsible for protecting against natural hazards, protecting the environment,
preserving health from excessive exposure to pollution and conserving biodiversity.
The mission of FOEN is to preserve and manage natural resources according to the
principles of sustainable development and eliminate the damage that has already
occurred and protected people against pollution and natural hazards [40].

In order to manage environmental information, FOEN has set up a multidisci-
plinary information system composed of a set of tools based mainly on geographic
information systems (GIS) as a method of presenting environmental information.
The three main components of this system are:

e set of databases on the different environmental themes: database on the state of
surface water (DBGZ), Solid database (thrust volumes in rivers), water resources
(GEWISS)...

e EcoGis: Interactive mapping service that allows the display of different infor-
mation on a cartographic background. This service enables to manage the carto-
graphic rendering, query and search the data as well as download the data in
several formats.

e Swiss environmental data catalogue (Envirocat): this project launched by FOEN
and the Swiss Federal Statistical Office (FSO) aims to organize, in collaboration
with all the others departments, all sets of environmental information in a single
system. The purpose of this catalogue is to provide an overview of the environ-
mental observation activities carried out by the Confederation and the cantons.
It presents the metadata’s properties for all the environmental information sets
(source, methods of acquisition, exchange rules, quality ...).

5.2 Benchmarking Synthesis

The analysis of the international EIS cited above lead to the following conclusions:
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e EIS is often built based on a system of environmental indicators that are calculated
from several sets of data

e Environmental data changes over time and varies in space. In most of the systems
studied, this information is collected by sensors and telemetry networks

e To ensure the data exchange, the environmental authority prepares partnership
agreements with the others institutions managing the environmental data in order
to acquire their measurements

e The entity responsible for the environment is usually the one responsible for
organizing, updating and distributing the information contained in the EIS

e Most EIS are built based on several levels and tools: a layer for storing data in
databases, administration tools, configuring and updating tools and environmental
information exchange tools

e For the environmental information diffusion, the geospatial portal (geoportal) is
the most widely used technique. Such geoportal is developed either in the form
of a very rich web-based GIS or the form of a simple interactive mapping tools

e The data managed by the EIS covers both generic data (topography, administrative
boundaries, hydrography, transport networks, etc.) and specific environmental
data (Air, water, biodiversity, marine areas, ecological areas, etc.)

e Metadata is a key element of EIS. All the EIS analyzed offer a catalogue system
to manage and manipulate the metadata.

6 Use Case: EIS in Morocco

6.1 Environmental Policy in Morocco

Morocco has been experiencing a significant economic and demographic growth for
several years, which has led to an improvement in the standard of living but also
to strong urbanization and an increase in energy and natural resources needs. This
development was not without negative repercussions on the state of the environ-
ment. Pollution of the natural environment and overexploitation of natural resources
coupled with the hostile impacts of climate change are threatening factors to the
environment.

Morocco has put in place a legislative and regulatory framework for the protec-
tion of the environment reconciling the imperatives of socio-economic development
and those of the preservation of the environment. This vision was concretized by
the implementation of the National Charter of Environment and Sustainable Devel-
opment in 1999 which led to the National Strategy for the Protection of the Envi-
ronment. Thus, several laws have been promulgated, notably, those relating to the
environment, water, waste management and environmental impact studies [24]. Inter-
nationally, Morocco has ratified numerous environmental treaties, including the Earth
Summit of Rio de Janeiro (1992) and Johannesburg (2002). According to the reso-
lutions of this later summit, all countries had to draw up their National Sustainable
Development Strategy [41].
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Morocco has developed its 2030 sustainable development strategy [42]. It has
defined a list of indicators for assessing the country’s sustainable development [23].
Therefore, all specific development projects must consider the environmental dimen-
sion in order to guarantee the good management of resources, the protection of
ecosystems, the monitoring of the state of the environment and the improvement of
citizens’ living environment.

6.2 Moroccan EIS

Morocco is engaged to submit periodic reports on the state of the environment at the
regional and national levels. In 2010, it decided to set up EIS at the regional level
called Regional Environmental Information System (REIS). The objective is to have
a platform for monitoring the state of the environment in each region in perspective
to consolidate them in a next step to form the national environmental information
system.

REIS is designed as a tool for decision support system and information monitoring
in the domain of environmental management and sustainable development. It is a
platform for generating, sharing and representing region-wide environmental data
and indicators using the DPSIR model. The objectives assigned to the REIS are [43]:

e Facilitate and boost the flow of information between environmental data producers
and users

e Meet the public needs demanding more transparency in accessing and dissemi-
nating environmental information

e Enhance the abilities to produce, manage and distribute the environmental
information

e Develop tools to display and summarize the evolution of different environmental
indicators and phenomena
Automate the generation of periodic reports on the state of the environment
Support the environmental forecasting through simulation tools.

Two significant challenges were encountered during the implementation of these
REIS:

e The Data component of the Information System: How to ensure the collect and
the regular update of the database?

e The Software component of the information system: What technical architecture
should be adopted to meet the needs of different users?

To address the first point, a strategy for the exchange of environmental information
between the partners of the region has been set up based on thematic information
exchange networks founded by the regional authorities. The second challenge was
processed by building the REIS based on a web-oriented architecture that allows each
partner (Regional representations of the ministries, urban agencies, water agencies,



170 A. Fadil et al.

Table 3 Roles of regional

. . . Actor Role

environmental information

system actors and partners Regional observatory of the | REIS administrator

[43] environment
Regional partner (data * Produce and update
producer) partner-specific data

* Access all other categories of
data

¢ Use REIS functions

Regional partner (data user) |* Query data
» Use REIS functions

General public * Query public data

delegation...) to access to the system and databases according to the rights and roles
that have been assigned to each entity.
The role of the different entities involved in the REIS is shown in Table 3 [43].

6.3 REIS: Are They Operational?

A few years after the launch of the REIS projects in the different regions of Morocco,
the finding is that these systems are struggling to function effectively and to be
deployed to the general public. New REIS harmonization and operationalization
projects are launched. The question then is why the deployment of EIS encoun-
ters problems and fails to move to the operational state. Are these technical diffi-
culties related to information systems, institutional barriers referred to the use of
collaborative systems or problems of availability and access to data?

The diagnosis led on some REIS [44] and the conclusions drawn from the imple-
mentation of other types of information systems in the Moroccan context, show that
the technological aspect of the information systems is no longer a problem. It is
rather the weakness of the content, embodied by the lack of data or the poor quality
of existing data, that hampers the successful deployment of these systems. This situ-
ation is further aggravated when the institutional aspects of data exchange between
partners are not defined or formalized.

Solutions and alternatives must be brought in order to overcome the obstacles
hindering the implementation of useful, operational and up-to-date EIS, especially
in countries that are experiencing problems of lack or scarcity of data.
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7 Guidelines for Implementing Operational EIS
in Data-Scarce Countries

Following the benchmarking carried out on the EIS of some countries of the Northern
Hemisphere and the case study of Morocco, we can draw a set of conclusions and
proposals for the deployment of useful, operational and efficient EIS in the context
of data-scarce countries.

They are presented in three levels: institutional, technological and related to data
problems.

7.1 Institutional Aspects

7.1.1 Public Data is the Business of the State: Need for a National
Spatial Data Infrastructure

The core of an EIS is usually a DBMS and a Geographic Information System (GIS)
that require spatial data. These data are divided into two parts: global or public data
that can be used by all information systems (topography, geomorphology, hydrog-
raphy, administrative division, roads, demography ...) and specific data relating to
the field of IS (environment). Establishing a successful EIS requires that it focuses
principally on the collection and structuring of specific environmental data. The
necessary public data under the responsibility of other departments and entities of
the State must be collected and provided by these units. This is the concept known as
National Spatial Data Infrastructure (NSDI) that each country needs to implement
in order to facilitate the deployment of information system and the reuse of data
as is the case in developed countries [45]. Environmental community-based moni-
toring systems must also be encouraged by public authorities to facilitate citizen
participation in the preservation of the environment [46].

7.1.2 Data Exchange is a Necessity and Not a Favor

In multidisciplinary fields such as the environment, data is coming from different
sources. It must be cross-referenced in order to have a more real idea of environmental
issues. Exchange and sharing of data between institutions become so a necessity
and an obligation [26]. A “win—win” policy must be implemented in order to build
operational networks for data exchange. Institutionalizing these networks and putting
them in alegal and regulatory framework that can give them the strength of application
will further reinforce the information flow and address a number of data access and
availability issues.
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7.1.3 Non-quality Costs More Than Quality

Today, it has become clear that the cost of non-quality or poor quality is higher than
that of quality. The use of data including mistakes or biases can potentially produce
incorrect conclusions that may lead to decisions with dramatic consequences [47].

Institutions must, therefore, invest from the outset in the creation of reliable and
good quality systems and databases. This will ensure the continuity and sustainability
of these systems and an effective amortization of the investment made to build the
databases.

Non-quality often leads to the abandonment of the system, the creation of the
same features in a repetitive manner, the waste of time and money and the waste of
opportunities to develop new value-added services that can be achieved if the system
was reliable and accurate.

7.2 Technological Aspects

7.2.1 Technology Must Be Adapted to the Needs of Society and Not
the Other Way Around

The technology has been developed to facilitate human life and to make it better and
safer. It is often the fruit of the need expressed by society. However, its life cycle and
change are faster than that of men. While procedures and work processes need to
be reviewed and improved in order to benefit from technological development, they
must not be jostled and upset to keep up with almost daily changes in technology.
The rate and speed of process evolution are more stable and slower than those of
technology. It is the latter that must be adapted to business logic and not the other
way around.

7.2.2 A Simple and Operational System is Better Than a Pretty Empty
Shell

The goal of an information system is to have a platform for managing and trans-
forming input data into information and knowledge to facilitate and guide decision-
making. The focus must be on the implementation of operational and useful systems
even if we are forced to adopt the simplest and most basic representations. It is
apparent that it does not make sense to have a complex and sophisticated but
non-functional system.

Therefore, Particular attention must be paid to the step of capturing user needs
in order to adapt the functions of the information system to the real needs and
expectations of its future users [48].
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7.2.3 Interoperable Systems Communicate Better Than Humans

Environmental issues are becoming more complicated and interdependent. The
development of information systems must be done by adopting principles of open-
ness and interoperability. Systems must be able to communicate and exchange with
each other to facilitate the implementation of data exchange protocols and to ensure
the smooth and timely flow of information.

In the last decade, new approaches and techniques, such as service-oriented archi-
tectures, have been developed to meet these needs [49, 50]. EIS design should benefit
from this evolution to facilitate communication and interoperability of environmental
systems.

7.3 Aspects Related to Lack or Scarcity of Data

7.3.1 A Mine of Open Access Satellite Data to Use

To overcome the problems of access and availability of data, other alternatives are to
be explored. Earth observation data captured from satellites is one of the promising
options in this regard. Indeed, with the free and open access to satellite data of
many types and resolutions, these databases become a valuable source that countries
suffering from data availability problems can exploit and glamorize [51].

Research conducted on these data sources shows that they can answer the data
needs (topography, land use, climate, soil moisture, ocean salinity, etc.) in different
areas, especially at small and medium scales. Many environmental studies use already
this kind of data such as those relating to water, air, soil, oceans... [52].

However, these data cannot replace in-situ data in most cases and must always be
analyzed and validated before use. A combination of these global data with local data
collected in-situ would be a suitable and recommended approach to take advantage
of the benefits of each of these two categories [53].

7.3.2 Sensors Acquire Data Better Than Humans

The development of Information Technology has allowed the implementation of new
modes and techniques of data collection (sensors, drones ...). The advantage of these
methods is the automation of the information acquisition chain, the increase of the
frequency’s collection and the access to the data in real time [54]. Delegating data
collection tasks to machines limits human intervention in this process and therefore
minimizes the sources of error and the dependence on human will and behavior.

The flood warning and water quality monitoring sensors are two concrete exam-
ples of the major utility of these techniques and their determining role in the
preservation of lives and the environment [55, 56].
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With the ongoing reduction in hardware and software costs, it turns out that these
techniques are an opportunity that developing countries can seize to build reliable,
accurate and up-to-date databases.

7.3.3 Data Availability Issues at the Big Data Era

The amplification and the multitude of techniques of data acquisition (satellites,
drones, sensors, cameras, smartphones ...) have generated large data, very varied
and evolving with tremendous speed. This is the big data, the era where the problem
of data is reversed. There is a lot of data, so we do not know which to use and which
one has value.

Big data techniques present three significant advantages for the implementation
of information systems. Firstly, they provide solutions for the storage of mass data
that evolve over time, such as those concerning the environment. They provide algo-
rithms and methods for processing and analyzing extensive data coming from various
sources. Finally, they provide tools and interfaces to display information in many
ways that make it easy to understand and interpret the phenomena being studied
[57].

Developing countries, and especially those suffering from data availability prob-
lems, are called upon to formulate their strategy for exploiting and using big data in
order to benefit from the advantages and opportunities offered by these techniques.
Above all, it is necessary to determine concrete and useful uses of this technology
through its contextualization and its adaptation to the concerns of society instead of
falling into its charm.

8 Conclusions and Recommendations

Humanity is forced to adopt the concepts and requirements of sustainable devel-
opment to handle the fragility of ecological equilibrium and the degradation of the
environment as a result of the imperatives of socio-economic development. One of
the pillars of this requirement is to continuously monitor the state of the environment
through an operational information system that can assess and support the actions
and policies of society towards the environment.

The implementation of such systems encounters difficulties in developing coun-
tries due mainly to problems of availability and scarcity of data. This study provides
an overview of the different issues concerning this topic and presents a list of
suggestions to overcome these obstacles.

To implement a successful and useful environmental information system, the
authors recommend to take into consideration all the elements of the guideline
presented in this study. They highlight the need to pay special attention to the problem
of lack or scarcity of data. For that, they also recommend studying and analyzing the
new opportunities offered by remote sensing techniques and big data technologies.
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Green Spaces for Residential Projects m
as a Commitment to Environmental L
Concerns and a Sustainable Development
Initiative: Design of a Peri-Urban Park

in Casablanca, Morocco

Amira Hamdaoui and Mohamed Bsibis

Abstract The need for green space is no longer to be demonstrated in urban areas;
it is not only a question of environmental and aesthetic stakes, but also the place
of founding experiences and social openness. The presence of this vital space is
essential for the well-being of human populations, because its absence presents itself
as a phenomenon to be analyzed., Casablanca is a city that is much better known
for its buildings than for its green spaces. Places of relaxation in the White City
are numerous, but they are poorly maintained. The number of green spaces varies by
neighborhood. In fact, the metropolis has less than 2 m? per inhabitant on average, far
from the 12 m? recommended by the World Health Organization and Very far behind
the 20 m? available to the cities of Paris and New York. An insufficient figure for a
metropolis with more than 5 million inhabitants. As a result, real estate developers in
Morocco, and especially in Casablanca, used this lack of green space as a marketing
charter for housing projects. They present their projects under a natural concept, and
the development of green spaces (private garden, park, square) and their interviews
are of paramount importance.

Keywords Development + Periurban - High standing - Casablanca - Sustainable
park - Environment

1 Introduction

Since independence, Morocco has embarked on a long process of modernization
of the territorial administrative organization and its adaptation to the current polit-
ical, economic and social context while gradually introducing a decentralization that
will allow a rapprochement between the administration and the local authorities
[1]. Administered, and citizen involvement in the decision-making process and the
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management of local affairs. This will make Morocco one of the most emerging
countries in the MENA region [2].

The processes of territorial recomposition in Morocco are characterized by a
continuous dynamic, reflecting the major changes that affected the different sectors of
the country during the twentieth century. Territorial renewal in Morocco is a process
of permanent recomposition, from traditional frames (whether tribal, confessional
related to brotherhoods or “seigneurial” caidal) to the most recent territorial meshes
in municipalities and regions. The different generations of forms and political and
administrative territories born of these processes of recomposition were first the
colonial region, then the province, the commune and the postcolonial region, finally
many perimeters were distinguished administratively first for the development [3].
And then more recently for development projects and environmental protection. The
territorial building reflects the evolution of logic, contexts, strategies, means and
approaches to a changing local, national and international reality [4]. Each terri-
torial renewal generates new references and multiplies the forms of the territorial
framework. We can even speak of a process of densification and complexity of terri-
torial management in Morocco. The CASADIAA project in Casablanca and the
development of its park represents one of the typical examples of what Morocco is
experiencing today in terms of sustainable territorial development [5].

2 Landscaping and Land Use Planning in Morocco

A land of art and beauty, a country where, the particular architecture is its history and
multiple influences, from war to another and from succession to another, Morocco
remains the beauty process fruit and human stupidity. Islam and its influences of the
East, mixed with the old Berber strain and spiritual and cultural heritages, although,
Morocco has made an original culture.

A country of thirst where rains are infrequent, and streames are limited, the human
being has managed to take advantage of these constraints to make visitors explore
exceptional gardens contrasting with the drought surrounding climate. Nowadays,
Moroccans face several problems, despite the protectorate efforts to deal with the
anarchic development on the suburbs, Morocco has to deal with an ever-growing
population abandoning the rural world for an urban lifestyle. This current image of
both Moroccan land and landscape planning must be the result of a strategy used
from the beginning of its history [6].

2.1 Territorial Planning in Morocco

The first form of urbanism to emerge in Morocco is essentially that which exists
within traditional cities, which is of Muslim and Arab origin. This organization is
dependent on a society deeply oriented towards religious practices. The medina is
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the historic funds of Morocco city. This term refers to the old city. This is precisely
where traditional activities are found. It is defined by a radiating device whose central
point is the Great Mosque, the stalemate habitat around the merchant streets and
encirclement by the old ramparts. This organization as we know it today would also
come from the report that the Arabs have with the economy. Muslims give some
importance to the public place, which is reduced to street networks and markets. The
urban system consists of buildings that are closely connected to each other that forms
a common mass.

From 1912, under the influence of the French protectorate, Morocco undertakes
to reorganize its workforce. General Lyautey’s plan of action is clear: “To ensure
order and security, to promote economic and social development, to ensure justice
and equity under the guise of traditional authority.” Urbanism is then the main key to
the accomplishment of this colonialist policy. It was then that Morocco was imposed
Western urbanism as it existed in France at the beginning of the twentieth century. It
is precisely this imported urbanism that will be associated with Morocco’s entry into
the modern foundations. We then move from a model based mainly on human values
to a model of structuring based on normative rationality, urbanism of a predictive
and secure type [7].

In 1914, Morocco was the first country in the world to have a legislative instrument
in urban planning, for example, France does not yet have devices of this kind that:

e defines how to implement the city plan
e defines the terms and conditions for individuals to create groups of dwellings;
e defines the regulation of the act of building

This law allowed the state to create, between 1915 and 1925 a number of cities: a
dozen will emerge. Also, the administration has equipped itself with an instrument
to put an end to the uncontrolled expansion of cities that had been raging for time in
Morocco [7].

The “new cities” or “European cities” are the urbanistic result of the modern
thought of the time. In order to preserve the Moroccan culture, these cities were
located on the outskirts of the medina and a buffer zone was planned in order to
distinguish them. To facilitate the establishment of these new cities, the state has
thus acquired a new tool, the Dahir of November 23, 1917 [8].

The state, as mentioned before, which then practices a provisional planning and
security type is confronted with the needs of forward planning and with greater
control of the urban evolution. Through the adoption of several Dabhirs in the 1930s,
Morocco is moving to a rather strategic type of urban planning, which seeks greater
coherence between the design and execution of these projects. To finally reach the
Dahirs of July 30, 1952, which will mark the urbanism until the independence of
Morocco. This law is intended to be an extension of the field of application, hitherto
reserved to the cities, to other spaces: the suburbs, Peripheral areas, the delimited
centers and urban planning groups.

This law states that from now on, only the development plan generates obligations
and this plan allows the administration to prepare development plans and zoning plans
for each region. It should be mentioned that until now no law has been designed for
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the rural world. It will be necessary to wait after the independence so that the direction
of Morocco fills this gap.

While during the protectorate, Morocco is witnessing an accelerated and constant
regulation of its cities, the pace will be somewhat diminished during independence.
As well as, until 1992, the 1952 Dahir will remain the main law of reference. However,
alegislative law covering the rural world was born on June 25, 1960, which somewhat
complemented the Dahir of 1952. This law recognizes and delineates the agglomera-
tions located outside the urban perimeter without, however, reserving any particular
regulation. From now on it is compulsory to provide a building permit and the subdi-
vision will be subject to prior authorization. It is only in 1992 that the government
will pass new laws to adjust legislation and counter urbanization problems [9] (El
Issaoui, 1997).

On June 17, 1992, the government adopts a law which relates to town planning
and which applies mainly to Urban Commons, defined centers of rural communes,
peripheral areas of urban municipalities, urban planning group, the coastal strip on
a depth of 5 km and along the roads at a depth of 1 km.

Until then, it is the state that monopolizes the production of norms and urban
planning, and the local authorities take care to implement them. There is a confu-
sion in terms of sharing of responsibilities versus a large number of stakeholders,
constituting a hindrance to the implementation of urban plans. Starting in 1998,
the government of “alternation”, with their vision of integration, will make urban
planning the habitat, the environment and regional planning of a single department.
The main objective of this government is mainly to establish a real communication
with all the actors involved in the areas concerned. In this respect, the meeting of
the four poles into a large ministry has the advantage of matching the reality on the
ground and of meeting the requirements of coherence and efficiency required by the
combined action of the four departments.

So the state makes planning and planning a complementary set because they have
the same time scale and the same long-term concern. It is then that the concept
of sustainable development is approached. “There is no question of continuing to
make the present prevail, to manage the urgency, but to look for the future and for
that it requires a medium and long-term vision and values that define and explain
the concept of sustainability. The concept of sustainable development is essentially
based on four principles:

Keep in mind the needs of future generations

Take into account all the environmental efforts of urban activities

Balance city and rural residents, as well as between current and future generations
Promote the participation of all citizens in decisions concerning the development
of their spaces and territories.
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2.2 Landscaping in Morocco

Since the establishment of the protectorate, the first resident general of France in
Morocco, Marshal Hubert Lyautey (1854—1934), launched the challenge of creating
model cities, symbols of modernity and progress, like the power French colonial; in
the middle of the 1914-1918 war, it was a real “war gesture”. To achieve its urban
program, the resident Lyautey turned to France and more specifically to the Social
Museum which was trying to assert the obligation of development plans and extension
for major French cities. Member of the Social Museum and Conservator of the Paris
walks, landscape gardener Jean Claude Nicolas Forestier proposed to the resident
general to implement the concept of “parks system” that he had theorized in 1906
through his book Grandes Villeset Systemes de parks. This theory, which remained
unimplemented in France, consisted of planning new settlements and orienting their
development through a hierarchical and continuous network of open spaces, ranging
from public gardens to periurban green belts [10].

In 1913, called by Lyautey, Forestier went on a mission a few months in Morocco
to draw up a “report of the reserves to be built in and around the capital cities of
Morocco ...”. In this report, Forestier proposed a set of prescriptions to follow in
order to implement the principle of the park system in each Moroccan imperial city.
To implement the prescriptions of Forestier, Lyautey, on the advice of the landscape
architect, brought the architect Henri Prost.

As soon as they arrived in Morocco in 1914, Prost and his team set up development
plans for all Moroccan cities. All new settlements would be designed on the basis of
the urbanistic principles imposed by the resident Lyautey, namely: the separation of
the old and the new city, the creation, outside the medinas, of a non aedificandi area
of military protection and hygiene and the division of the new city into differentiated
neighborhoods (zoning).

In addition to these principles, Henri Prost will experiment with Forestier’s
concept of “park system”. To understand how the new colonial settlements were
built through a system of parks and gardens, we will take the example of two cities:
Rabat- the capital—and Marrakech, two ultimate garden cities.

e Rabat, the prototype of the 1920s landscape city

Rabat is located on the Atlantic coast, at the mouth of the river Bou-Regreg, facing
the town of Salé which occupies the opposite bank. It is naturally bounded on the
north by the ocean, on the east and south by the Bou-Regreg valley. The undulating
terrain associated with dune cords parallel to the coast offers a succession of high
points (belvederes) and low points.

The geographical location and the topography of the site will be decisive in the
choice of the distribution of the open spaces of the new agglomeration.

In 1912, at the time of installation of the first in the French capital, the city was
concentrated in two urban nuclei: the Kasbah of Oudayas, fortified camp dating
from the ninth century, at the mouth of the BouRegreg and medina confined in its
Andalusian walls dating from the seventeenth century. Outside the enclosure, some
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monuments dotted the landscape: the ruins of the Mosque of Hassan Tower—twin
sister of the Ghiralda Seville and Koutoubia Marrakech—remained unfinished under
the Almohad dynasty (twelfth century) the Es-Sunna mosque, the imperial palace,
built in the eighteenth century, and its gardens (I’Aguedal). These elements were
delimited by a second enclosure raised in the twelfth century by the Almohads.
Beyond these outer ramparts stood, in Belvedere on the valley of Bou-Regreg, the
ruins of the Chellah, ancient merinid necropolis of the thirteenth century. The rest of
the space between the outdoor enclosure and the inner enclosure—which surrounds
the medina—was occupied by gardens, vineyards and orange groves.

— Forestier’s prescriptions for the planning of the new city

In its 1913 report, Forestier advocated for the future city of Rabat a number of
recommendations relating, on the one hand, to the protection of existing gardens
and, on the other hand, to the creation of new open spaces. In the first place, he
asked that the gardens and orange groves around the medina, inside the Almohad
enclosure, be conserved, notably by creating a green zone not aedificandi outside
the Andalusian enclosure. Beyond the outer ramparts, he recommended creating,
before the city develops, reserves for public gardens and avenues for walks. At the
same time, he proposed to link the different neighborhoods by a communication
network combining wide roads and narrower streets with a suitable planting system.
To anticipate the growth of the city in the medium and long term, Forestier advised
the creation of green isolation zones outside the Almohad enclosure.

— The system of open spaces of Forestier applied to the plan of development of
the new city (plan Prost)

The first action of the architect Prost was to safeguard and classify the monuments
of the past, in response to Lyautey’s urban doctrine based on respect for the ancient
heritage, traditions and morals of the Moroccan people. In parallel with the classifi-
cation of the urban and architectural patrimony (kasbah of Oudaias, Hassan tower,
ramparts, etc.), Prost imposed nonaedificandi easements around the ramparts of the
medina and the tower Hassan and Chellah. New and completely original element:
Prost preserved some points of view on the panorama of the ancient city (ramparts,
medina, etc.) and its surrounding landscape (ocean, mouth, the silhouette of Salé).
The new constructions risk to hide the views, Prost decided to arrange the first plans
in gardens. Thus the location of the gardens and open spaces of the future European
city was chosen. To establish the development plan for the new agglomeration, Prost
drew up:

e A traffic plan in which the main lines of communication appear;

e A distribution plan of the different neighborhoods (administrative district,
residential and commercial district, university district, industrial district);

e A plan for open spaces indicating the distribution of the various free spaces (public
gardens, residential areas of the General Residence, planted walks).
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Prost’s plan for open spaces is the perfect illustration of the parks and gardens
system outlined by Forestier in his 1913 report. Thus, as he had advocated, before
neighborhoods rise, gardens public and open spaces were to be created outside and
inside the Almohad enclosure.

The first public garden, the Essais garden, was built in 1914 on the outskirts of
the ramparts on about ten hectares. The development plan was designed by Forestier
in 1916. The second public garden is the Belvedere garden, built in the continuity
of the Essais garden, on one of the highest points of the city. Originally, it was the
Franco-Moroccan exhibition fair that took place in September 1917. Prost chose the
site because of its privileged location overlooking the city and the ocean. The creation
of a fair outside the outer walls was an opportunity to anticipate the development of
extra-muros districts (Aguedal district). The site of the fair was indeed preserved and
rehabilitated in public garden and surrounded by afforestation of pines and eucalyptus
which formed, from 1917, a greenbelt (wood of the Aguedal) around the enclosure
of the royal palace. The third public garden is the Garden of the View Triangle,
designed in 1924 by the French landscape architect Marcel Zaborski, head of the
walks and plantations of Morocco. Located outside the ramparts of the medina, it
acts as a buffer between the old and the new city. Why the name “View Triangle”?
To respond simply to the desire of General Lyautey to highlight the perspective from
the terrace of the Municipality—former General Residence—on the medina and the
ocean. Today located in the city center, the garden of the Triangle of View forms a
key link in the park system of the city of Rabat. The Garden District of the Residence
General is also part of the network of open spaces and privileged points of view that
wished to safeguard Lyautey. Built on the highest point of the city, leaning against
the outer ramparts, the Residence district was conceived as a garden city in its own
right. A veritable “gesture of war”, the district gathered all the administrative services
of the protectorate and the residential villa with its gardens, all drowned in a green
setting (pine and eucalyptus wood) and connected by a judicious system of pedestrian
galleries. The gardens of the residential villa, designed in part by Albert Laprade—
collaborating architect of Prost—and by Marcel Zaborski around 1920-1925, were
realized in the pure French tradition with regular flower beds taking place in front of
the main facade of the Residence.

Outside these gardens, others were created like the Oudayas garden laid out in the
enclosure of the casbah in the pure Moorish tradition, or the garden of the Mamounia
realized on the site of an old orange grove between the ramparts from the medina and
the outer enclosure. Let’s also mention the gardens of Hassan Tower and Chellah.
A set of squares, kindergartens, squares, sports fields and woodlands (green belts)
completed the network of parks and gardens of Rabat. To connect the various free
spaces of the city, Prost made realize, as Forestier had prescribed, a network of
planted walks combining broad avenues and narrower streets.

e Marrakech, the garden-wintering city

Marrakech is, like Rabat, an old imperial city. It is located more than four hundred
kilometers south of the capital, in the center of a vast plain bounded on the south
by the chain of High Atlas, about fifty kilometers, and by the hills of Jbilet, about
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ten kilometers North. Before the advent of the protectorate, Marrakech had all the
elements of a garden city. Although enjoying a semi-arid climate very dry, the city
astonishes by its luxuriant vegetation, with its vast palm plantation and its immense
gardens. At the beginning of the twentieth century, the city was limited, like Rabat, to
its medina. The essential difference is that Marrakech, unlike other Moroccan cities,
had many large expanses of gardens within its walls.

The most important are the gardens of Aguedal which extend to the south of the
medina, at four hundred and forty hectares—almost the size of the medina which
occupies about six hundred hectares. Surrounded by an enclosure, the Aguedal repre-
sents the perfect prototype of the Almohad garden of the twelfth century, with its
large reservoirs, its squares of olive and fruit plantations and, above all, the magnifi-
cent panorama that is offered to the visitor, with on the horizon the silhouette of the
High Atlas.

Inside the ramparts, on the edge of the urban fabric, there were also ancient
princely gardens named Arsa, dating from the eighteenth century, including Arsat
Moulay Abdeslam and Arsat Mamounia, which still exist today.

To these gardens are added the palace gardens, also located inside the enclosure
of the medina: the riad of the palace al-Badi realized under the Saadian dynasty in
the sixteenth century, and the palace of the Bahia and its Aguedal created at the
very beginning of the twentieth century by former vizier Ba Hmed. Outside the
ramparts extends, to the west of the medina, another great AlmohadAguedal: the
Menara. These gardens, surrounded by high walls, also have a pond with a pavilion,
all immersed in an orchard of olive and orange trees. The silhouette of the pavilion,
reflected in the water of the basin, with in the background the snow-covered peaks
of the High Atlas, is one of the most symbolic images of Marrakech.

Outside this walled garden, the medina was surrounded by a vast palm grove that
extended to the north and west of the city. Made up of groves of date palms, the
palm grove was punctuated with nourishing gardens (jnan); among those who were
rehabilitated was Jnan El Harti. The irrigation of all these gardens was ensured, since
the foundation of the city, by a judicious network of khettara (underground draining
galleries) and seguias (aqueducts), the khettaras used to capture water from the water
table and seguias ensuring the delivery of wadis water.

Thus, when they arrived in 1912, the French discovered a set of centuries-old
plantations and gardens and a remarkable irrigation system. Unlike other Moroccan
cities, when Forestier went to Marrakech in 1913, he discovered a new city already
drawn by the French military. The latter had begun to develop a European district
(the district of Guéliz), in the north-west of the medina, between the ramparts and
the military camps installed further north, below the hill of Guéliz (name taken again
for the new city).

Protective measures had already been taken to preserve the existing palm grove and
gardens. In addition to these first measures, Forestier recommended that the whole
of the garden and intramural patrimony of the medina (Aguedal, Menara, Arsa, Riad,
Jnan, etc.) be conserved and restored. He particularly insisted on the importance of
preserving the palm grove against any attempt to subdivide and, above all, to maintain
“for the future” the magnificent panorama of the High Atlas south of the city.
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At the same time, Forestier had planned, as for Rabat, new reserves of open
space on the periphery of future neighborhoods. At the request of the Bureau des
Renseignements, Forestier planned a public garden on the site of one of the former
orchards outside the city, Jnan El Harti. While maintaining the original layout and
the division into fruit squares, Forestier inserted sport fields of different sizes. Jnan
El Harti is the only public garden built by the protectorate outside the ramparts of
the medina.

In order to improve the route network used by the military, Forestier sketched
pathway profiles along which he proposed walkways to protect from the sun and
dust.

Also, Forestier ordered the factories to be moved away from dwellings and palm
groves so as not to disfigure the emblematic landscape of the High Atlas to the south.
In Marrakech, the role of Prost was to continue the development of the first nucleus
created by the military (Guéliz) by connecting it to the medina and realizing, to the
south, a new wintering area.

The wintering district was conceived as an ideal garden city, destined for a wealthy
foreign clientele, with villas, hotels, a casino and planted walks. Located west of the
medina, it was ideally located in the middle of the gardens (Arsa Medina in the east,
Jnan EI Harti in the center and Menara in the west). The layout of the wintering city
was determined by a network of green links (avenues, streets, footpaths) designed
to connect the tourist sites near the Grand Hotel de la Mamounia: the Jamaa EI-Fna
square and the Koutoubia located inside the medina, the intramural gardens (Arsat
Moulay Abdeslam and Arsat Mamounia), the El Harti garden and the Menara. In
order to preserve the exceptional panorama of the Atlas Mountains to the south,
Prost struck the area on the southern edge of the wintering district with servitude not
aedificandi. The new city thus followed “a curved path suitable for strolling, taking
its views on the ramparts, the Koutoubia, the snowy peaks of the Atlas”. Outside the
wintering area, Prost merely rehabilitated the old gardens: the Aguedal and Menara
gardens as well as the riads and gardens of the old palaces.

3 The City of Casablanca: A Metropolis that Suffocates

Casablanca (white house “in French), locally called Anfa (“ hill” in Amazigh), is a city
of Morocco, capital of the region of Grand Casablanca and economic capital of the
country, located on the Atlantic coast, about 80 km south of Rabat, the administrative
capital.

Administratively, its territory (of an area of 386.14 km?) corresponds to that of the
prefecture of Casablanca. Since the return to the principle of unity of the city in 2004,
it is composed on the one hand of the municipality of Casablanca (divided into 16
districts distributed in 8 district prefectures), on the other hand, the tiny municipality
of Mechouar of Casablanca placed in its center and where sits a royal palace. In
the last census of 2004, its population was 2,949,805 inhabitants (2,946,440 for
the municipality of Casablanca and 3365 for that of the Mechouar of Casablanca).
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Made legendary by the film Casablanca (1942), the city has an important modern
architectural heritage, due to the architectural diversity it experienced during the
twentieth century, where it was then the “laboratory of modernity” of new generation
architects who landed directly benches of the School of Fine Arts in Paris. Casablanca
is located on the plain of Chaouia, a historically agricultural region and to this day
one of the main centers of agricultural activity in the country. Its position on the
Atlantic coast allows it access to maritime resources (mainly related to fishing).

The only forest area bordering the city is Bouskoura, which was planted in the
twentieth century and consists mainly of Eucalyptus, Pine and Palm.

3.1 Urban and Demographic Expansion

Greater Casablanca is one of the sixteen regions of Morocco. Located in the northwest
of the country, the regional capital is Casablanca whose borders are the flap regions
to the north and the Atlantic Ocean to the west. The Casablanca region is the largest
urbanized region in the Kingdom of Morocco, with a population of 3.6 million
inhabitants (2003) which will exceed 4.6 million in 2015 according to estimates.
The average population growth was 2.3% per year between 2000 and 2005. 22% of
the urban population of Morocco lives in Casablanca.

40% to less than 20 years old (1994). The city spanned only 50 hectares in 1907.
Between 1990 and 2000, the area of the city rose from 15,000 to 21,000 ha. In 1996,
an administrative reform led to the inclusion of some neighboring municipalities.
The region “Grand Casablanca” was created in 1997. It is composed of 8 prefectures
on a total area of 869 km?.

Casablanca is an important economic and financial center and one of the largest
ports in Africa. Agglomeration is home to 60% of Moroccan industry (leather,
textiles, machinery, food, and chemical industries). This induces a rapid urban
growth as shown in the Fig. 1 and that is accompanied by the development of slums
(“slums”). New industrial zones are currently being created. A large number of previ-
ously rural communes such as Dar Bouazza, Médiouna, Mellil, SidiMaarouf, Lisasfa,
AinHarrouda and Bouskoura have been strongly affected by the transformation of
agricultural areas.

3.2 Problems and Confrontations of Casablanca city

e The Traffic movement

The problems of traffic in Casablanca are becoming more and more difficult
to overcome. At certain times of the day, many axes of the metropolis are simply
blocked because of road infrastructure works in progress, the obvious difficulty of
traffic officers to control flows and, above all, indiscipline motorists who engage in



Green Spaces for Residential Projects as a Commitment ... 189

1907 1929

1942 1952

1986 2004 o

sssss

Fig. 1 Urban development of Casablanca between 1907 and 2004. Source Urban Agriculture
Casablanca-Design as an Integrative Factor of research, p. 10)

a daily war to reach including the city center and neighborhoods. If the numerous
studies and diagnoses made in recent years have made it possible to draw the outlines
of a global urban transport plan, and a new organization of integrated urban transport
around the Casablanca tramway, the transition to the application of these plans on
the ground is waiting.



190 A. Hamdaoui and M. Bsibis

e The Pollution

The study of the International Agency for Research on Cancer (IARC), a special-
ized agency of the World Health Organization (WHO), published recently that the
polluted air of Casablanca is carcinogenic. IARC experts believe that there is suffi-
cient evidence to say that exposure to outdoor air pollution causes lung cancer.
“We are strongly concerned by this study since the concentration of fine particles
is higher in Casablanca than in Paris or Washington,” said Mohamed Benjelloun,
environmental expert. Same observation from Prof. SaidKarrouk, climatologist. He
believes that the findings of the study in question can be applied to all regions of the
planet even though exposure levels may vary from place to place.

Indeed, the metropolis holds the sad national record that sometimes reaches
100 pwg/m* while the European standard accepts 40 jug/m? at most. It exceeds 2.5
times the international standards. Moreover, for a good reason, its car fleet and its
industrial activities are constantly growing. Indeed, in 2012, the economic capital
welcomed 59,731 new cars, against 50,972 a year earlier, an increase of 17.2%. For
the current year, 65,000 new registrations have been registered. 80% of these vehicles
run on diesel fuel classified in June 2012 in the “certain carcinogenic” category. In
total, 1,800 tonnes of exhaust gases are emitted into the air each year in Casablanca,
with very serious pathogenic effects.

3.3 The Pre-Urban Area and Luxury Housing Projects

Casablanca’s urban expansion has contributed to the emergence of new real estate
developments. The good prospects for luxury real estate are mechanically attractive
and several types of operators have invested or are in the process of positioning
themselves on this segment since the “traditional”” market is showing signs of slowing
down.

Villas around 250,000 Dollars and more, designed as main homes with at least
3 rooms with garden and pool, all just minutes from the downtown, is the lode of
the moment for real estate developers. Indeed, there are more developers who offer
affordable villas located on the immediate outskirts of Casablanca. In Dar Bouazza
and its region, about twenty kilometers from the metropolis, the residences of Dar El
Kenz, The Villas of Anfa, Dar El Bahr, Garden Beach, the Villas des Prés or Tamaris
City have added these month to the long list of projects that have grown in the region
in recent years (Marina Blanca, Tamaris Eden, Puerto Marina, Al Boustane ...).The
same effervescence is noticeable on the Bouskoura side with, among other projects,
CASADIAA, Sun City, VillaMonaco, the Walili Residences, California Eden, Green
Residences, Lilas Park ..., in addition to the essential mega-projects at the level of
forest Bouskoura initiated by Prestigia, CGI and Palmeraie Development.

It is that these formulas of affordable villas in the periphery attract more and more
the Casablancais, tired of the urban din. Considered until recently as second homes,
these products have gradually conquered a clientele of young well-off couples who
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settled because they can not access villas in the center. Moreover, the specter of
demand has quickly widened to senior executives, retirees or professionals ready
to trade an apartment in a posh downtown area for a villa in a more peaceful envi-
ronment. A whole new market that was created so quickly that it took real estate
developers by surprise.

4 The Casa Diaa Project

CASADIAA is a residential complex erected on a surface of 40 ha proposes a
new concept composed of 200 villas of master exclusively on one level. Located
15 min from downtown Casablanca, the project is ideally away from urban nuisances.
Figure 2 presents the geographic location of CADIAA project.

CASADIAA offers three types of villas built on a plot of 800m? including 307 m?
built area (370 m? covered at a price of 400.000 Dollars).The materials used are
designed to respect the environment (wastewater recycling for irrigation of green
spaces, the use of solar energy ...).

CASADIAA will include commercial space for shopping, a fitness center with
SPA and indoor swimming pool, a restaurant, a nursery, a youth activity center,
multi-sports fields, playgrounds, jogging trails, and many landscaped public gardens
of more than 4 hectares of green spaces.

Figure 3 shows the three types of villas. The first villa is Aube Primera which is a
construction that has been specially designed for people who have for the first time
given in to the temptation to have a villa. On an area of 820 m? and more, the built
surfaces vary in this case from 280 to 406 m”. The garden is valued. On the bright
side, the architectural lines have been finely designed to have large windows that let
light into the house.

LEGENDE

I Casablanca
® Casablanca center
~ Casadiaa access
Urbain extension
= Airport Mohamed V
s Bouskoura Forest

Fig. 2 Geographic location of CADIAA project
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Fig. 3 The three types of Casadiaa’ villa

The villa Aurore, the second model, signed CASADIAA, is attractive with its
modern and innovative style. It differs largely by its reception area ensuring user-
friendliness. Already, the built surfaces exceed the level of 500 m? over a total
area exceeding 1000 m?. Finally, the villa Halo, classified as the villa of excellence
guarantee calm and serenity for its owners. Large in its capacity but also enhanced
by a larger pool, this model of villas is 700 m? built on a space of 1300 m?. The three
models rare represented in Fig. 3.

The project is located 15 min from downtown Casablanca, on the highway of
the Airport and close to the Bouskoura Forest. The village of Bouskoura is located
south of Casablanca about twenty kilometers. It is called by this name because it is
located near the forest of Bouskoura which is one of the great forests of Morocco
and which attracts a large number of Casablancans on weekends and holidays. Most
of Bouskoura’s trees are eucalyptus.

CASADIAA moves away by about twenty kilometers from the center of
Casablanca. It is accessible only using a means of transport by the road boulevard
El-Jadida. It can be reached only by personal means of transport or large taxis, the
red taxis (Private Taxi) cannot reach it.

The road El Jadida is a road that connects the city of Casablanca with Bouskoura,
it is a newly built highway whose circulation is easy and fast, CASADIA presents a
system of severe security, and the access to CASADIAA is limited for the inhabitants
and their guests. CASADIAA is inhabited by a very high social category and very
demanding who have chosen to live in a residential complex of high standing. Since
Casablanca is a big city in a very important city, the smothered and polluted city
presents a very stressful life and a congestion of the car traffic. Moreover, the green
spaces present on Casablanca does not offer activities for all age categories. On
the other hand, the lack of security and the bad attendance presents an almost total
absence of the high social category. Given these living conditions, there were the
appearance of several modern residences inspired by the American and South African
cities where the richest chose to move away from the city and create their own places
and live in collective cities. very modern, on the outskirts of the city and away from
nuisance.

These important social class dwellers are looking for a quiet place away from
pollution and traffic jams. They are looking for a cool environment or green area,
quiet recreation areas, a place where they can do business safely, Knowing that
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the inhabitants have family relations or friendships. We will base ourselves in our
conception on this relationship to create interactive landscape spaces of relaxation
and entertainment where the inhabitants can meet and share good moments in all
safety.

5 The Park of the Casa Diaa Project

5.1 Landscape Analysis

The presence of a road/highway south of the project will be a source of nuisance to
residents. The nuisance caused by this highway could be reduced by the excessive
planting of the south side of the park. The roughness of the CASADIAA project
traces the boring and long distance circulation as schematically shown in Fig. 4. In
the park, the creation of a different circulation from that of the project could be tried.
It must be flexible and having an aspect of discovery.

The repetition of the villa element or grouping of villas can be boring and can
contribute to the loss of sense of direction in the project as we could see in the Fig. 5.
It can be remedied by the use of a variety of plants as well as materials and equipment.

The park extends throughout the project; it is linear. Access to the park should
be easy to access and close to all residents. Their location should be close to the car
parking spaces and ensure continuity with the project lanes as shown in the Fig. 6.

The studied site and its environment are a very judicious and strategic choice to
create a zone of modern houses. This area would be an attractive place to enjoy a real
quality of life in a very quiet and luxurious residence in the wilderness away from
the city and its pollution.

The observations and analyzes of the site are summarized in Table 1.
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Table 1 Summary of the main findings and necessities of the site

Modern architectures of high standing Creating space of modern architectural form,
with the use of high quality materials to create
harmonical outdoor spaces and reflecting the

prestigious aspect of existing houses

Inhabited by a very high and too demanding
social category

Creation of interactive spaces that meet the
needs of security, calm and relaxation

Significant thermal amplitude, presence of frost | Avoid the use of plants that fear frost and can
during winter, and a very hot and dry summer | not withstand the drought and high
temperature of summer

Aclay-limestonesoil Avoid any acidophilic plant

The site presents an open and clear space Creating wind breezes to limit the strong
winds that will be detrimental to the new

vegetation and their aspects

The site is limited on one side by a highway Try to reduce the nuisance that can be caused

by this highway
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5.2 Needs and Objectives

CASADIA offers an exceptional lifestyle: high standard villas on one level that
provides an escape for its inhabitants while keeping a natural and friendly. It makes
them discover a sweetness of life and well-being where the harmony between the
different elements of the project is paramount.

Located south of the CASADIAA project, the park is conceived as an inclusive
sensitive destination. This is a space that will enrich the project through the contem-
porary design of the site and the variety of equipment and programs that will be
developed. The park is an integration into nature. It reinforces the character of the
area by landscaping green spaces that are home to cultural and sports and recreational
activities where the man can live enjoying the freedom and developing his skills as
well. Physical and intellectual property and this in complete safety. These activities
provide a refuge that balances mind and body. Mainly listed areas for relaxation and
lively and eventful spaces for entertainment.

This park will be designed keeping the contemporary spirit of the environment
while integrating the natural and dynamic aspect. This dynamism will be ensured
especially by the selected vegetation (shape, aspects, flowering periods, colors ...) as
well as by the change of colors of the leaves with the seasons. For this, a plant palette
was chosen to adapt to the natural conditions of the site. It includes a good selection
of grasses, flowering trees and shrubs and perennials. Thanks to the beauty of the
inflorescences and their light, graceful and relaxed general appearance, the grasses
form a real moving sea of vegetation, with many changing reflections depending on
the wind and the light. They combine very well with all the perennials and roses. They
will put each other in value in order to balance the general aspect of the massifs. The
use of trees in many aspects and forms, will add on the one hand dynamism thanks to
the rustling of the wind in its foliage, and on the other hand increase the dynamism to
our park thanks to the flowering of trees and shrubs with flowers, especially during
the flowering periods that will be triggered by the seasons. The wind and its action on
the vegetation is not the only element capable of giving movement to the park. The
water also holds an important place in different aspects. The park will be designed
natural, contemporary, diverse and dynamic. The result is a comprehensive concept
plan that supports a variety of equipment and activities for all ages and user groups
and creates a dynamic focal point for the neighborhood with the following objectives:

Fluid Accessibility: A park accessible to all people and all ages throughout the
site. Park features should respond to all universal accessibility standards including
path, transfer height requirements, and signage and other directional strategies that
will respond to the needs of people with physical and visual impairments.

Sense of place: A strong sense of belonging that reflects the distinct character of
the region. Shapes and materials should contribute to strengthening the identity and
heritage of the community while preserving existing vegetation in new landscape
improvements.
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Fig. 7 The concept plan of the park

Secure landscaping: A safe and comfortable public space for all ages and abilities.
Safety principles and techniques should be incorporated throughout the design to
achieve secure urban spaces.

Sustainability Initiatives: A site that demonstrates a commitment to environ-
mental concerns. Development initiatives must be integrated throughout the site and
must include strategies for achieving sustainable development.

Park of Various Activities: A park that can support a variety of educational
activities and community events. A variety of “soft” spaces in nature that can be
transformed to host events including various activities.

Group for Young People: A safe and welcoming environment that responds to
the needs of young people by providing specific facilities that are fun and enjoyable
to provide safe and healthy areas for sharing and socializing.

The result is a comprehensive concept plan that supports a variety of equipment
and activities for all ages and user groups and creates a dynamic focal point for the
neighborhood, presented in the following diagram of Fig. 7.

5.3 The Design of the Park

The park offers complimentary entertainment activities that respond to the needs of
all age groups. The park would be built in such a way that all residents can safely
practice their various activities.

A first part would be dedicated to physical activities and a second part would be
educational.
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5.3.1 Partl

In addition to gaming machines, this first part offers areas for adults to exercise
various sports and play activities which are represented in the Fig. 8.

e Playground for children

Movements and games determine the harmonious development of child. They are
inseparable from the capacities of discernment, emotional and social behavior. For
this purpose, attractive play spaces have been designed, safe and adapted to the needs
of children. Four areas defined the playground for children, climbing, swept, sand,
and living structure areas.

Moving from one age group to another, children’s abilities develop and their needs
change, so games must take these criteria into account.

Thus, the playground is designed naturally to develop the child’s sensitivity to
nature. On the one hand, the playground will be surrounded by an embankment that
must be at a slope less than 45 degrees, maintained by a wall of gabion used as
benches for rest. This embankment will be planted with grasses that will ensure the
dynamism and freedom of this space due to their light, graceful, relaxed appearance.
These grasses will be associated with Buddleia davidii as a backdrop, which is an
upright shrub whose long arched branches bear flowers in long, dark purple spikes in
summer. In turn, it will add to the space of dynamism due to the color of its fragrant
bloom and its characteristic of attracting butterflies.

Trees and shrub will hide the wall and forget the built-in limit of the project. They
will also play a vital role in marking the season by their flowering or changing the
colors of the leaves:

® Jacaranda mimosifolia with its mauve-blue flowers that appear at the end of spring
and fall during the summer to form a beautiful, colorful carpet.

® Brugmansia appreciated for its sumptuous trumpet flowers. Often scented, will
give an exotic touch to space.

® Lagerstroemia indica, is a small tree with a great show, due to its beautiful flowers
in bright colors blooming in the heart of summer.

Ployground skate pork Basketball court Tennis court Mini golf

logging track storm basin Ping-pong Football fild Bocee boll

Fig. 8 Design of part I
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This selection of tree and shrub will increase children’s sensitivity to nature. The
children’s play area offers different possibilities to develop their flexibility (climbing
gear, balancing machines, etc.) on a soft floor that is made of EPDM to ensure
their safety against falls. It gives also free rein to their creativity with a sand space
and islands of Pennisetumrebrum, Miscanthussinensis, Strealitzeaagusta, and Phyl-
lostachysbambusoides which offer to the children a place to enrich their creativity
by passing on this island and will activate their senses of touch and which would be
a great place for hiding and seek games.

The play area will be planted by shade trees like Cassia nodosa, Celtisaustralis,
and Jacaranda mimosifolia that will provide shade and thus relax flower spaces for
parents.

To conclude, the transition between the areas of the playground is designed to
easy and flexible. For the turfed part, kikuyu was chosen as a turf species due to:
its resistance against settlements, its resistance to heat and extreme conditions of
drought and its maintenance is very simple, which will encourage children to practice
the games of roulade,... The Fig. 9 presents a 3D graphical representation of the
playground.

o The skate

The skate game is considered one of the most favorite sports by teens. In order to
allow fans of this extreme sport to enjoy it safely and prevent children from exercising
their talents on public roads and paths, skateboarding and skating trails have been
designed. To strengthen the safety of the practitioners of this sport, clearly visible
panels recommend wearing protective gear (helmet, knee pads, elbow pads, wrist
guards) must be placed on the edges. Thus a turfed area with a lively and shaded
ground by Brachichitonpopulenus and Grevillearobusta will present a relaxing area
for fans of the sport. A profile of this entity is presented in Fig. 10.

o Table tennis

Two tennis tables will be placed on a hard surface to prevent missteps as shown
on the profile below. Natural soils have a major disadvantage that can form cavities
that prevent players from evolving and that fill with water when it rains (Fig. 11).

Fig. 9 3D graphical representation of the Playground for children
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Fig. 10 The skate profile

Fig. 11 The table tennis Profile

The passage between these two tables will be provided by slabs placed on the
grass. Between these 2 tables, a Delonixregia will be planted in isolation that, due
to its crown that forms a spectacular parasol, is quite remarkable when its big red
flowers pair during the summer.

e Multiple sports fields

This part has been designed for multiple sports. There are mainly individual
playgrounds and communal playgrounds. The space has been subdivided to include
different activities such as mini-football, volleyball and basketball. These sports
fields offer people air spaces allowing them to practice their favorite sports in all
safety. International standards have been followed to give them the opportunity to be
entertained. These lands will be surrounded by trees and shrubs to promote shade,
reduce noise, and play a role as a windbreak. They will be placed in series with a
north—south exposure. Figure 12 presents a 3D sketch of the sports fields.

The different plants used in the field boundaries are as follows:

e For the football pitch: Malvaviscusarboreus, Lantana Camara, Grevillearobusta.

e For the basketball and volleyball court: Euphorbiacotinifolia, Durantarepens
gold, grevillearobusta.

e For the tennis court: Viburnum tinus, grevillearobusta.

e Mini GOLF and bowling

The game of mini golf, presented in Fig. 13, will be designed under the standards
(courses from 0.7 m to 1.2 m wide and 3.5-15 m long). To this fact, the layout of the
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Fig. 12 Multiple sports fields

Fig. 13 The Mini GOLF

courses will be different in terms of plant palette to create a theme specific to each
course. For the game of bowling, presented in Fig. 14, we designed 2 sand tracks of
dimension 15 m long and 4 m wide shelter by Catalpa bignonioides shading trees.
These precision games have been designed at the end of the park to allow fans to
practice in a quiet and soft space.

o Trails

The park trail is one of the most desired facilities; it is designed flexible all along
the park to give a natural look and a sense of discovery for the site. It is a circuit
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Fig. 14 The Bowling

to run, walk, and use the bike. Also, there is a proposal for some equipment for the
physical movements.

The entire trail must be universally accessible in terms of quality. It will consist
of a stabilized soil of very good quality in terms of landscape integration and will be
delimited by type P2 border. Its use brings a natural connotation to the site as well
as a satisfactory comfort for pedestrians and cyclists.

Resting areas are designed along the park’s trail edges which are characterized by
completely wooden benches or benches constituting gabion. Fitness stations should
be provided along park trails creating a “fitness loop” function for the site. Figures 15
and 16 show the resting area and the fitness station.

532 Partll

To reinforce our concept of “the naturalness, movement and dynamism” of our park
we have used in the left part of the park, presented in the Fig. 17, another element
of nature that is ‘water’. Indeed, water plays an important role in our park; it comes
in addition to the action of the wind on the vegetation by water games, streams with
jets, and the discreet flow of a fountain.

e Agquatic playground
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Fig. 16 Fitness station
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Fig. 17 The second part plan

These aquatic playgrounds, complementary to the playgrounds on the right side
of the park, are designed to entertain children and adults alike while refreshing them.
They are also places of discovery, meeting and fun that do not require monitoring.

These “dry wading pools”, without any water storage, are new points of attraction,
that, with play areas adapted to different age groups and people with reduced mobility,
are real attractions. These games are likely to significantly increase the reputation
of the place and therefore its attendance. The space will be surrounded by Syagrus
romanz offiana an extraordinary palm tree that has many assets: ringed gray trunk,
rapid growth, feathery appearance very exotic by its foliage and good resistance to
drought and wind. It will give space a charm beach. At the foot of these palm we
plant the Forium tenax characterized by its trendy and natural side. We will associate
it with grasses, bamboo, and yuccas giving the space a design and contemporary
atmosphere.

o (Café- restaurant

Just next to the water playground we designed a café-restaurant area that we can
see in Fig. 18. Itis a friendly place: Atmosphere tastefully retro inside, very pleasant
terrace on sunny days in a charming place where families can enjoy family or friends
moments. Surrounded by a jet stream, this relaxing meeting place allows parents to
control their children while playing, safely. This space is equipped with a shaded
structure of parasols surrounded by a stream. A large terrace equipped with stretched
canvas offering residents a warm atmosphere.

The transition between the different parts of space is ensured by wooden bridges
which are presented in Fig. 19.

e Andalusian garden

The garden is characterized by a regular and symmetrical style, using the straight
line and the right angle. It is in the form of an elongated rectangle. In order to reduce
this roughness, soft and undulating paths have been designed around this garden.
The entrance to the Andalusian garden is well marked by two olive trees planted in
isolation on a lawn that would give the entrance a lush appearance as well as nobility
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Fig. 18 The restaurant

Fig. 19 The restaurant and its wooden bridges

and wealth. This garden reserves a very frank circulation in the sense of a principal
axis guided by a watercourse and intersected by 4 secondary vistas which divide it
into four parts as shown in Fig. 20.

The first part of the Andalusian garden has been designed as an arboretum that
would present an educational space by the presence of a large variety of trees that
summarize the species used in our park. On the other hand it would present a place
for picnicking and relaxation due to the shade provided by these trees and the picnic
tables installed.

Crossing this part, an alignment of Albizia embellished the path due to its abundant
summer bloom and its spreading, very elegant. At the foot of the Albizia an alignment
of agapanthus with its beautiful ornamental foliage and a blooming blue bloom that
will add color and freshness in the middle. The harmony between these plants and
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Fig. 20 The Andalusian garden

the water will give the space a contemporary and natural touch. Arriving at the center
of the garden, an open square circular centered by a fountain creates an atmosphere
of freshness and dynamism, and surrounded by Jacaranda that will strengthen the
rounded shape of the square. Wooden pergolas will be covered by climbing plants
like the wisteria, with spectacular blooms, in the form of hanging clusters with an
infinity of elegance and delicately scented. The freshness provided by this space due
to the surrounding vegetation, and the discreet song of the fountain would present
the relaxing place for inhabitants during the day as well as during the night due to
the mood lighting designed for this space. The third part is designed primarily by
a lemon and orange orchards that soften the air due to the scent of their flowers
and their fruit, and secondly by a kitchen garden and aromatic that will enhance
the natural appearance of the park. This garden will, on the one hand, increase the
dynamism and strengthen the natural aspect by the diversity of cultures and colors
of their leaves, and on the other hand, this space will promote exchanges between
neighbors through social, cultural or educational activities.

After having walked through this garden where the profusion of colors and smells
of plants reign under bright bursts, white colonnades completely enveloped by
climbing roses will be implanted at the edge of the end of aisles will trigger the
beginning of romantic space.

e The rose garden

The rose garden was designed as a labyrinth where we will plant several species
of roses, such as Rosa ‘Aloha’, ROSA ‘DAMASCENA’, Rosa ‘Snow Fairy’, Rosa
‘fortunakordes’, Rosa’ lupokordes’ Rosa ‘memory kordes’, Rosa ‘rugosa’, Rosa
‘rotiliakordes’, this space will give the park a natural touch and will increase the
dynamism of the park by the diversity of colors of the flowers. Red synonymous
with life and gaiety and love; the white, symbol of purity, reflects the light, the
yellow recalls the color of the sun, the light and makes think of the joy. This space
will invite the inhabitants to activate their senses of touch and feel (Fig. 21).

e Event space-cultural activity
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Fig. 22 Event space

This open and green space is designed for informal gatherings, major events of the
inhabitants and cultural activities such as reading, music, theater, dance in a natural
setting, for which we have designed a center that will welcome the inhabitants Cartier
for the practice of these activities. Figure 22 shows the look of this entity.

5.4 The Park: An Added Value

As outdoor spaces are particularly rare in the center of the metropolis, it is of course
there that they are most sought after where there is a substitute market, for lack of
a sufficient supply of townhouses. Energy performance has become a real asset for
the valuation and sale of real estate. Housing tells you all you need to know about
the emergence of the “green value” which refers to the variation of its value (price
or rent) related to its environmental performance. The presence of green spaces and
natural sites near the property is also increasingly sought after by buyers. In more
than 40% of cases, public green spaces around real estate allow homeowners to set
a higher sale price or rent for similar properties, but more away from the greenery.
Note that if this landscaping is carried out professionally, the return rate generated
is higher than the other improvement projects that can take place in or around the
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house: its value of recovery of investment can rise at 100 or even 200%. This means
that when reselling his property, the owner can hope to recover all the money that
he has invested in his development. In comparison, we can observe a recovery rate
much less interesting for a kitchen renovated from 75 to 125%. The rate is even lower
for the repair of the bathroom, 20 to 120% and the installation of a pool can recover
only 20-50% of the investment.

Also, investing in the outdoor spaces of your garden can also increase its value
over time through the growth of young shrubs and new plantations that will continue
to mature and beautify the property. Thus, the design and development of the CASA-
DIAA project park will surely increase the value of the project and will present an
attractive element that will undoubtedly facilitate the sale of villas but also become
an ecologically sound model.

6 Conclusions

Today’s context, triply marked by economic globalization, socio-technological
changes and ideological and political uncertainties, poses new challenges for devel-
oping countries. Local governance consists of a set of institutions and mechanisms.
Processes that allow citizens and citizens’ groups to express their interests and needs,
to settle their differences and to exercise their rights and obligations at the local level.

Today, we talk about attractiveness and competitiveness of territories, territorial
anchoring of companies, industrial districts, territorial projects, etc.....However, the
question is no longer simply to initiate local projects, but to ensure that synergies
are created between the actors and accelerate the local dynamics observed in terri-
tories that remain to be built. What is the real contribution of these projects to the
problem-solving at the local, regional and national levels? How to act effectively and
accelerate the dynamics of growth and development? In other words, how to move
from localized action to a territorial approach to development problems? These are
the questions facing Morocco today regarding local development.

7 Recommendations

1. Create anew label: the “urban and landscape soils” that will recognize the quality
of “urban and landscape terroir” in the periurban areas in which, the communes,
departments, regions, and the state wish to carry out voluntary, concerted and
contractual action. This label would be concretized by:

the signing of a charter applicable to a territory;

e the definition of social, urban and agricultural o