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Preface

Mediterranean Soil Ecosystems (MSE) is a series of formal scientific publications
of the Soil Science Society of Turkey (SSST). Established in 1964, the SSST
supports wide range of research in soil science and related disciplines.
Mediterranean Soil Ecosystems invites contributions on topics in soil ecosystems,
soil and land degradation and desertification, agroecosystem management, carbon
dynamics and management systems and ancient land use in the Mediterranean
environment and context, palaeopedology and geopedology, and the changing soils
and soils of tomorrow and their likely use under climate change scenarios.

Mediterranean Soil Ecosystems also aims to improve communication and
develop holistic integrated approaches for achieving a sustainable management
of the environment. The MSE welcomes all aspects of soil science and its inter-
relations to soil and earth sciences, agriculture, forestry, biology, botany, clima-
tology, ecology, ecological economics, environmental sciences and engineering,
environmental law, carbon policies, and information sciences related to environ-
mental integrity. Mediterranean Soil Ecosystems welcomes readers, authors, and
research results from academia, business, government, research institutes, and
public interest groups.

This book covers ecologic and socio-economic aspects of carbon management in
Mediterranean ecosystems. The chapters were selected among those presented at
the 1st Istanbul Carbon Summit, held at Istanbul Technical University, 2–4 April,
2014 and subsequently peer reviewed by the members of editorial committee.

Discussion on multiple interactions between soil carbon and environment were
covered in first three chapters. Carbon treading issues in different Mediterranean
nations and related policies, application, and implementations are covered in
Chap. 4. Chapter 5 covers a unique discussion on how recent developments and
related ecological disturbance affected life of Nubians, one of the most ancient
peoples in the world, their civilization started more than 8,000 years ago in Egypt.
Chapter 6 discusses the results of a study on relationships between carbon dioxide
emissions and exports in terms of carbon dioxide emissions, total exports, agri-
cultural exports, industrial exports, and service exports in 23 countries from dif-
ferent income levels and different regions. Chapter 7 introduces a functional
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‘energy–economy–ecology–engineering’ integrated model that calculates final
energy consumption from primary energy supply and discusses its application in
Turkey and Chap. 8 covers discussion on the cost/benefit assessment of imple-
menting Land Use, Land Use Change and Forestry (LULUCF) accounting the
regulations in Turkey in the future. Chapter 9 discusses carbon certification
applications in Turkey and finally, Chap. 10 discusses results of a long term study
on carbon sequestration and mycorrhizae in two soil series located in the eastern
Mediterranean region of Turkey (Adana). The editors of this book profoundly
express their gratitude to the series editor Hans G Brauch for his everlasting and
sincere efforts which led us to made this book a worthwhile achievement. We also
thank N Özçelik and S Sabancılar who designed the İznik tile pattern on the front
cover.

Çankırı, Turkey Sabit Erşahin
Adana, Turkey Selim Kapur
Adıyaman, Turkey Erhan Akça
Ankara, Turkey Ayten Namlı
Ankara, Turkey Hakkı Emrah Erdoğan
June 2016
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Chapter 1
Soil Carbon Impacts on Functionality
and Environmental Sustainability

Rattan Lal

Abstract The term soil functionality implies utilization of soil for specific
purposes so that ecosystem functions and services are sustained. Soil functionality
strongly impacts environmental sustainability in relation to climate change, water
quality and renewability, biodiversity, elemental cycling and transformations. There
is a wide range of soil parameters which impact soil functionality. These include
physical (texture, structure, pore size distribution, continuity), chemical (pH, Eh,
charge density, nutrient reserves, elemental toxicology), biological (microbial
biomass carbon, soil respiration, biodiversity) and ecological (soil organic carbon
concentration and quality, elemental transformation). The choice of specific indi-
cator depends on specific functions. These parameters can be combined into a soil
functionality index. Soil functionality can be measured indirectly be assessing soil
quality. Soil functionality also depends on the parent material, land use and man-
agement, climate and CO2 enrichment. Soil functionality can be restored by cre-
ating a positive soil/ecosystem carbon budget, carbon sequestration in soil and
terrestrial biosphere, enhancement of biodiversity and control of soil erosion. The
concept of soil functionality can be used to address global issues such as climate
change, food and nutritional security water quality and renewability and
biodiversity.

Keywords Soil quality � Ecosystem services � Soil functionality index � CO2

enrichment � Soil structure and porosity

1.1 Introduction

The term ‘sustainability’ implies: (1) longtime period, and (2) the need for a steady
growth. However, Bartlett (1997) opined that the term “sustainable growth” is an
‘oxymoron’ (Daly 1990). Among the list of seventeen laws proposed by Bartlett,

Prof. Rattan Lal, Carbon Management and Sequestration Center, The Ohio State University,
Columbus, OH 43210, USA, E-mail: lal.1@osu.edu.

© The Author(s) 2017
S. Erşahin et al. (eds.), Carbon Management, Technologies,
and Trends in Mediterranean Ecosystems, The Anthropocene:
Politik–Economics–Society–Science 15, DOI 10.1007/978-3-319-45035-3_1
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law #13 states “Humans will always be dependent on agriculture, and the central
task in sustainable agriculture is to preserve agricultural land.” The law #12 states
that, “The chief cause of problems is solutions.”When asked if, after independence,
India would attain British standards of living, Mahatma Gandhi replied, “It took
Britain half the resources of the planet to achieve its prosperity, how many planets
would a country like India require…?” (Goodland 1992). Gandhi’s response is even
more relevant in 2016 than it was in 1940s. Therefore, the issue of environmental
sustainability is on the forefront of any global agenda. Soil degradation plagued
several ancient civilizations (e.g., Mesopotamia in the Tigris-Euphrates Valley, and
Mayan in Central America). However, it is the mushrooming of the scale at which it
is happening in the 21st Century, which is a major concern and an urgent issue to be
addressed.

The emphasis on environmental sustainability during 2010s is attributed to the:
(i) high rates of exploitation of renewable resources, (ii) continuous increase in
generation of pollutants (pesticides, chemicals, gaseous emissions), (iii) a rapid
depletion of non-renewable resources, (iv) extinction of biodiversity, and (v) severe
degradation (and even extinction) of soils. Therefore, environmental sustainability
involves a strategy of making prudent decisions on natural resources (soil, water,
vegetation, etc.) management to reduce the human footprint encompassing indi-
cators such as soil degradation, eutrophication of water and non-point source pol-
lution, emission of greenhouse gases (GHGs), drainage of wetlands, cultivation of
peat soils etc.

Judicious management of soils is integral to environmental sustainability
(Kerzhentsev 2010). Ignoring the soil-environmental nexus and its ramifications
can endanger some fragile resources by accelerated erosion (Tennesen 2014) along
with severe adverse impacts on soil biodiversity (Tsiafouli et al. 2015). Soil
structure, strongly affected by mycorrhizae (Rilling/Mummey 2006) and other
biota, is prone to degradation through management-induced perturbations of the
surface layer leading to strong adverse impacts on soil functionality.

Therefore, the objective of this article is to describe soil functionality, and
discuss the impact of soil organic carbon (SOC) concentration and other properties
on soil functionality and the environmental sustainability.

1.2 Soil Functionality

Soil is a dynamic entity, and its properties are strongly influenced by natural and
anthropogenic factors. Thus, it is important to understand how and which soil
properties change because of biotic and abiotic stresses, on short and long-term, and
in the surface and sub-surface horizons. Thus, soil use and management can be
chosen to advance the goals of environmental sustainability. It is in this context that
soil functionality is multi-dimensional characteristics with ecological, economic,
social and political ramifications.

2 R. Lal



The term soil functionality means utilization of soils for specific purposes at an
optimal level so that the ecosystem functions and services are sustained. In other
words, “it is the capacity of a specific soil to function under designed circumstances
to meet its planned intentions or requirements without any loss of original func-
tional capability” (Yong et al. 2012). The soil functionality concept addresses the
performance aspects of a specific soil according to the specific goals or functions.

There are numerous soil functions (Table 1.1), including plant growth, and the
food production through agronomic management. A German saying in the context
of food production states, “Es ist die Erde, die gibt uns das Brot” or it is the soil,
which gives us the bread. Food being essential to human survival, it is pertinent to
state that we are soil. Thus, Gandhi stated that, “To forget how to dig the Earth and
tend the soil is to forget ourselves.” Important among ecologic functions of soils
are: recycling and retention of nutrients, filtration and purification of water, storing
of carbon (C) and moderating atmospheric chemistry, moderating gaseous
exchange between the pedosphere and the biosphere, resisting soil erosion,
buffering against natural and anthropogenic perturbations, and providing habitat
and energy for soil biota. There are also anthropologic and industrial functions.
Therefore, protection of soil resources and their functionality is of a paramount
importance (Blum et al. 1993).

Through its critical role in numerous functions (Table 1.1), soil functionality
impacts water resources (renewability and quality), climate change (mitigation,

Table 1.1 Principal functions of soils

Function Example

1 Food production Medium for plant growth, Reservoir of water and nutrients,
Support for root growth, Resistance against diseases and
pathogens, Elemental transformation and reducing phytotoxicity

2 Agronomic Sustaining productivity, Moderating use efficiency of inputs,
Strengthening resilience against climate change

3 Gene pool Habitat for biota, Reservoir for seed, Preserving germplasm over
millennial time scale

4 Environmental/Ecologic Recycling and retention of nutrients, filtrating and purifying
water, Storing C and moderating atmospheric chemistry,
Regulating gaseous exchange between pedosphere and the
atmosphere, Resisting soil erosion, Buffering against
perturbations

5 Industrial Raw materials, Minerals, Pharmaceutical, Antibiotics

6 Anthropogenic Physical and cultural heritage, Aesthetic and artistic values,
Spiritual, Therapeutic, Human and planetary history,
Evolutionary archive

7 Foundation Platform for man-made structures, Foundation for dams,
buildings, etc.

Source The author

1 Soil Carbon Impacts on Functionality … 3



adaptation and stabilization), food and nutritional security (quality and quantity),
and biodiversity (above and belowground). Soil functionality is the engine of
economic development.

1.3 Indicators of Soil Functionality

There is a strong interaction between environmental sustainability and soil func-
tionality (Fig. 1.1). Principal indicators of soil functionality which impact envi-
ronmental sustainability are physical, chemical, biological, and ecological
(Table 1.2). There is a strong relationship between the functionality of physical and
chemical attributes and the parent material of soil (Jenny 1941). An example of the
effects of parent material on soil functionality is documented in a study from Brazil
de Arúgo Filho et al. (2013) observed that in the Itapric region of Brazil, soils
derived from the sandy parent material contained low nutrient reserves and high
permeability. In contrast, soils derived from the fine sediments contained higher
nutrient reserves and low permeability. These indicators are important soil prop-
erties, and the specific set of properties varies among functions (agronomic,

Fig. 1.1 Environmental sustainability in relation to soil functionality and soil organic carbon
(SOC) pool and its dynamics. Source The author

Table 1.2 Important indicators of soil functionality

Indicator Parameter

Physical Texture, structure, bulk density, pore size distribution and continuity, water
retention and transmission, thermal capacity and conductivity

Chemical pH, Eh, charge density, nutrient reserves, elemental transformation, nitrification,
denitrification

Biological Microbial biomass carbon (MBC), biodiversity (macrofauna), soil respiration,
potentially mineralizable N

Ecological Soil organic carbon (SOC), biogeochemical transformations, methanogenesis,
gaseous exchange and diffusivity, erosion, soil formation

Source The author
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environmental, food production). Both soil organic C (SOC) concentration and pool
are important determinants of soil functionality and environmental sustainability. In
addition to the amount, composition of SOC also affects numerous properties and
processes. It cuts across a range of soil functions of relevance to human wellbeing
and nature conservancy. The SOC pool, as the principal component of soil organic
matter (SOM), comprises of living and non-living organisms in soil (Fig. 1.2). It is
the amount, quality and dynamics of SOC pool that governs soil functionality
(Fig. 1.3) through changes in physio-chemical, biochemical, eco-biological pro-
cesses and transformations are over time. These transformations are influenced by
natural and anthropogenic factors, and biotic and abiotic stresses. Thus, judicious
management of SOC pool is essential to sustainability of soil functionality. Indeed,
the critical levels of SOC concentration in the root zone may be *2 % for soils of
the temperate regions (Kemper/Koch 1966; Greenland et al. 1975; Loveland/Webb
2003), and *1.1 % for those of the tropics (Aune/Lal 1997).

It is not easy to measure soil functionality. Indeed, “most important things
cannot be measured and still must be managed” (Edward Demmings 1900–1993).
In other words, “manage what you can’t measure.” Thus, the question with regard
to soil functionality is: what is there in the soil that can be measured in terms of
what it does. What is does is soil functionality.

Because soil functionality is difficult to measure directly, it is measured indi-
rectly by measuring soil quality index (Mukherjee/Lal 2014) or soil functionality
index (SFI). Yong et al. (2012) defined SFI as a ratio of the value xn of a soil
parameter at time tn to a reference base soil functionality value (xbase) for each
specific indicator. If SOC concentration is selected as an indicator of soil func-
tionality, then SFI of SOC is:

Fig. 1.2 Living and non-living components of soil organic matter content which impact soil
functionality. Source The author

1 Soil Carbon Impacts on Functionality … 5



SFIðSOCÞ ¼ SOCn : SOCbase

Therefore, SOC depletion occur for SFI < 1 and sequestration for SFI > 1.
Similar to SQI, SFI must also be the one that soil scientist can quantify and farmers
can understand and relate to.

1.4 Management of Soil Functionality

The Law of Return by Sir Albert Howard states that, “the nutrients harvested from
soil must be returned. Harvesting without returning is a robbery of the soil and
banditry; a particularly mean form of banditry, because it involves robbing of future
generations, which are not there to defend themselves” (Howard 1931). Lal (2009a)
proposed ten tenants (laws) of sustainable management (Table 1.3), which also
indicate that soil is like a bank account and maintaining a positive balance of key
indicators of soil functionality is essential to its sustainable use over time of the
finite but an essential resource.

Whereas, the vulnerability of a soil to degradation increase with increase in
mean annual temperature (Law 4, Table 1.3), the SOC pool increase with decreases

Fig. 1.3 Impacts of soil organic carbon pool on soil properties and processes which impact soil
functionality. Source The Author

6 R. Lal



in mean annual temperature and increases with increase in mean annual precipi-
tation (Jenny 1941). For example, Scheer et al. (2011) observed that the environ-
mental functionality of upper montane soils in southern Brazil depended on SOC
pools, which are two-to-threefold higher than those in soils of low altitudes at the
same latitude. Functionality of soil pores (Law 9, Table 1.3) depends on the sta-
bility and continuity of pore system. It is the formation of a stable and continuous
pore system that governs aeration (gases diffusion), and water transmission (Dörner
et al. 2010).

Input of biomass-C, to offset the losses caused by decomposition and erosion or
leaching, is essential to enhancing soil functionality. Municipal sewage sludge and
compost from crop residues etc. can enhance soil functionality for
agricultural/agronomic purposes (Sciubba et al. 2013). Similarly, soil functionality
for agriculture (Lal 2015) involving retention of crop residues mulch, cover crop-
ping, integrated nutrient management, and elimination of plowing and other
mechanical soil disturbances. Rather than a panacea or a silver bullet, there is a
wide range of appropriate soil management practices depending on site-specific
conditions.

Table 1.3 Laws of sustainable soil management

Theme Law

I. Soil and Its
Degradation

1. Soil resources are finite and unequally distributed geographically,
and are non-renewable over the human timeframe

2. Soils are prone to land misuse and soil mismanagement

3. Accelerated erosion is caused more by “how” rather than “what”
crops are grown

4. Vulnerability to soil degradation increases with increase in mean
annual temperature and decrease in mean annual precipitation

II. Soil and
Climate

5. Soil can be a source or sink of greenhouse gases depending on
land use and management (i.e., soil, water, crops, animals)

6. Soil carbon sequestration implies creating a positive C budget
through retention of plant-biomass or animal produce grown on
the same land unit

7. Soil resilience to climate change depends on optimal level of
physical, chemical, biological and ecological properties

III. Soil Restoration 8. Soil restoration is a slower process than degradation. Restoration
of SOC pool may occur at a decadal or centennial scale

9. Soil structure and its functionality depend on stability and
continuity of macro, meso and mircopores or voids

10. Sustainable management of soil implies an increasing trend over
time in key indicators of soil functionality (e.g., SOC pool,
aggregate stability, available water capacity or supply of green
water)

Source Adapted from Lal (2009b)

1 Soil Carbon Impacts on Functionality … 7



1.5 Soil Functionality and Environmental Sustainability

Soil functionality strongly impacts environmental sustainability (Fig. 1.4). Principal
among environmental issues are eutrophication (algal bloom) and filtration, gaseous
emissions (CH4, N2O) and C sequestration, biodiversity (species enrichment or
extinction and ecosystem disservices (erosion, salinization) and services (restora-
tion) and net primary productivity, Soil degradation and loss of functionality can
cause eutrophication of water resources. Functionality of soil physical and chemical
attributes, as influenced by the parent material can also impact eutrophication of
natural waters (de Araújo Filho et al. 2013). Soil memory, records of historical
events, also depends on functionality of soil attributes. Targulian/Goryachkin
(2004) observed that soil systems have a capacity for storing information about
environmental factors and pedogenic processes which have affected soil function-
ality over the period of soil formation or pedogenesis. While interpreting the

Fig. 1.4 Environmental sustainability impacts of soil functionality. Source The author
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historic records in soil systems within a specific climactic regime, it is important to
account for the effects of lithodiversity, topodiversity, biodiversity, and chronodi-
versity (Targulian/Goryachkin 2004).

In addition to the impact on functionality of physical and chemical attributes,
belowground biodiversity also moderates structure and functions of terrestrial
ecosystems (Bardgett/van der Putten 2014). More specifically, soil biodiversity
strongly impacts both ecological and evolutionary responses of terrestrial ecosys-
tems to present and future climate/environmental change (Bardgett/van der Putten
2014). The ecological impact of climate change is intricately linked with that of the
CO2 fertilization effect. For example, Niklaus et al. (2003) observed, from a 6-years
of in-situ CO2 enrichment experiment, that elevated CO2 increased
micro-aggregates probably because of a higher soil moisture content (because of an
increase in net primary productivity and the canopy cover). The elevated CO2

decreased soil aggregation at the scale from lm to mm, which can affect soil micro
faunal population (Niklaus et al. 2003). Since the Climate Summit (COP21) in Paris
in December 2015, there is a lot of interest in storage of SOC in the top 40-cm
layer. Any strategy to enhance SOC pool would have a strong impact on soil
functionality and the provisioning of numerous ecosystem functions. Thus, it is
important to develop a standardized protocol to measure changes in SOC pool
through addition of biomass-C produced by plants grown on the same landscape
unit (Olson et al. 2014).

1.6 Conclusions

Functionality of soil attributes (physical, chemical, biological and ecological)
strongly impacts environmental sustainability. The SOC concentration and quality
are key indicators of soil functionality because of their impacts on soil ecosystem
services which moderate nature conservancy. In addition to the impacts on
hydro-thermal regimes and biodiversity, SOC pool also impacts pore continuity and
stability. The latter are also impacted by soil aggregation, which in turn may be
altered by CO2 enrichment and belowground biodiversity. Soil memory of historic
processes depends on specific pedogenic processes which have been in operation
over the pedogenic processes.

Degradation of soil functionality can lead to numerous ecosystem disservices
including eutrophication, gaseous emissions, accelerated erosion, secondary salin-
ization, loss of biodiversity, decline in net biome/ecosystem productivity, and
decline in quantity and quality of food and feed. The health of soil (ie. function-
ality), plant, animal, human and ecosystems is one and indivisible. Therefore,
restoration and sustainable management of soil functionality are important to
human wellbeing, nature conservancy and environmental sustainability.

Soil functionality of agroecosystems can be enhanced by adoption of conser-
vation agriculture, and by those landuse and management practices which create a

1 Soil Carbon Impacts on Functionality … 9



positive soil/ecosystem C budget, enhance soil biodiversity, and strengthen
mechanisms of nutrient cycling.

Soil functionality index (SFI), similar to that of soil quality index, can be used as
a surrogate of soil functionality. However, the choice of sol parameters (indicators)
depends on specific landuse and the desired soil/ecosystem services. In addition to
SFI, additional research is needed towards (Kerzentsev 2010):

i. Developing mathematical models of soil functionality,
ii. Strengthening of scientific, methodological and technological principles of soil

functionality,
iii. Identifying soil-specific landuse and management systems to restore soil

functionality,
iv. Using soil functionality to address global issues of the 21st century, and
v. Relating soil functionality to climate change adaptation and mitigation.
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Chapter 2
New World Atlas of Desertification
and Issues of Carbon Sequestration,
Organic Carbon Stocks, Nutrient
Depletion and Implications for Food
Security

Pandi Zdruli, Rattan Lal, Michael Cherlet and Selim Kapur

Abstract Soils are both sinks and sources of C with great potential to mitigate
climate change. Global estimates indicate that they contain between 1,206 Pg of soil
organic carbon (SOC) to 1-m depth to more than 1,550 Pg C, which is twice the
amount of C present in the atmosphere. Nevertheless the overall the C stocks could
reach as much as five times that of the atmosphere considering that many soils are
much deeper than 1 m. Instead, emissions from land use change are estimated to
make up to 20 % of atmospheric CO2 through loss of biomass and SOM.
Notwithstanding these critical outcomes, soil’s impact in climate change scenarios
is generally not well understood and the UNFCCC after CoP 21 in Paris started to
increase attention to the potential for soil C sequestration thanks to the French “4
pour 1000” initiative. We argue that SLM can increase productivity particularly by
improving water use efficiency, optimizing nutrient cycles and their supply for crop
production, enhancing vegetation cover, and improving food security level. Healthy
soils produce healthy food, support healthy living, and promote a healthy
environment.
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2.1 Overview of the World Atlas of Desertification

A novel World Atlas of Desertification (WAD) is being compiled under the coor-
dination of the Joint Research Centre (JRC) of the European Commission in
partnership with the United Nations Environment Program (UNEP). The novel
WAD will be available as both a published reference atlas and an online digital
information portal. It builds upon recent scientific progress by taking a pragmatic
and robust approach to the use of current concepts to assess and map land degra-
dation and desertification. The updated WAD provides a foundation for improved
mitigation strategies regarding global issues of food security, resource base effi-
ciency, climate change, sustainable development and poverty reduction.

An entire chapter within the novel WAD is devoted to soil issues. Issues are
organized in an ecosystem-based approach that identifies soil function and provides
a detailed background. Additional attention is devoted to global soil resource
availability and its capacity to feed a growing population that is expected to reach
over 9 billion by 2050. The global average of per capita agricultural land decreased
from 0.39 ha per person in 1960 to 0.21 ha in 2007 and continues to decline.
Worldwide crop cultivation is practiced on 1.6 billion ha, but the distribution of
arable land is extremely uneven. China and India account for more than 35 % of the
total global population, and both have exploited most of their available land and
water resources for agriculture. Similar situations exist throughout the
Mediterranean and particularly in North Africa and the Middle East where only 5 %
of the land is suitable for agriculture (Zdruli 2012).

2.2 Importance of Soils for Carbon Sequestration

Soils are both carbon sinks and sources. Global estimates indicate that soil up to 1 m
depth contains between 1,206 Pg of soil organic carbon (SOC) (Hiederer/Köchy
2011) and more than 1,550 Pg C (Lal 2004; Baveye/Jacobson 2007), which is about
twice the amount of atmospheric carbon (800 Pg). The total carbon soil stock could
actually be up to five times that of the atmosphere because many soils are present at
depths greater than 1 m. In particular, soils such as Mollisols (Soil Taxonomy) or
Chernozems (WRB) are extremely important for storing organic carbon and pro-
viding food and fiber. Although soils cover only 3 % of global land area, they
produce more than 40 % of the global food and over 90 % of these soils are used for
cereal production (Eswaran et al. 2003). Soils must be considered as both national
and international assets and be protected from any form of degradation.

The annual flux of carbon dioxide (CO2) between the soil and atmosphere is
estimated to be six times the amount derived from fossil fuels (GSP 2011). The
amount of carbon stored in soil is about 300 times the amount released annually
from burning fossil fuels. Emissions from land-use changes are estimated to con-
tribute 20 % of atmospheric CO2 as a result the loss of biomass and SOM (Smith
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et al. 2007). Land use intensification has significant effects on the stability of soil
ecosystems. These effects may assist in the prediction and modelling of climate
change responses, especially when the peculiar effects of soil biota are also con-
sidered (de Vries et al. 2013).

Although drylands store much less SOC per hectare than humid regions, the vast
surface area they cover globally (nearly 40 % of land cover) makes them an
important global carbon sink (Lal 2009). The potential for SOC storage per hectare
in dryland soils may be comparable to that in soils of the humid areas. Large
dryland soil ‘sink capacity’ is created when high amounts of SOC are lost through
degradation, which soils in humid regions may not experience (Farage et al. 2007).

Large quantities of carbon are stored in waterlogged and permafrost soils.
Permafrost soils could potentially emit potent greenhouse gases (GHGs) such as
methane (CH4) and nitrous oxide (N2O) if the permafrost layer is affected by
thawing or if wetlands are desiccated. These worst case scenarios could cause
climate change to increase rapidly because the GHG CH4 is 18–25 times more
potent than CO2. Despite these critical outcomes, the impact of soil in various
climate change scenarios is generally not well understood. The United Nations
Framework Convention on Climate Change process has paid little attention to the
potential for soil C sequestration.

2.3 Soil Organic Matter and Soil Quality

Soil quality is the capacity of a soil to perform ecosystem functions and provide
ecosystem services. Soil quality depends on key determinants (Lal 2012). SOM is a
key constituent in this context that heavily impacts soil quality through positive
effects on physical, chemical, and biological properties of the soil. Depletion of
SOM initiates a downward spiral of cascading adverse effects. Conversion from a
natural to an agroecosystem (cropland and grazing land) and the attendant changes
in water and energy budgets at the ecosystem level cause severe and rapid SOM
depletion and negative impacts on physical soil quality. SOM depletion reduces
aggregation and has adverse effects on soil structure and tilth in addition to GHG
emissions into the atmosphere (Fig. 2.2).

Decreased soil structure leads to densification, water infiltrability reduction,
increased erosion susceptibility and decreased availability of green water for plant
growth. Disrupted elemental cycling and reduced availability of plant nutrients
decrease the efficiency of inherent and applied resources as well as agronomic
productivity. The downward spiral initiated by SOM depletion adversely affects
farm income. Similarly, SOM decline below the threshold level adversely impacts
soil chemical, biological and ecological processes that lead to a range of degra-
dation processes. These processes include alteration of soil reactions; elemental
imbalances of deficiency and toxicity, salinization and sodication; and reduction in
activity and species diversity of soil fauna, flora and microbial biomass carbon
(MBC). Severe SOM depletion causes impacts such as the breakdown of
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community wellbeing, civil structure and political instability that ultimately lead to
societal collapse (Diamond 2006) (Fig. 2.1).

SOC comprises 50–60 % (average 58 %) of the global SOM stock in addition to
providing a source of nutrients (macro and micro) and other elements. Thus, the
SOC stock is among the principal terrestrial carbon stocks. These stocks vary
among biomes or eco-regions because of differences in climate, soil type, phys-
iography, vegetation, and land use (Fig. 2.3). The pedologic (soil originated) soil
carbon pool comprises the two distinct, yet related, components of soil inorganic
carbon (SIC) and SOC stocks. The pedologic pool to 3 m depth is estimated at
4,000 Pg, i.e. *5 times the atmospheric pool (800 Pg) and 6.45 times the biotic
stock (620 Pg). The pedologic carbon stock influences carbon cycling and heavily
impacts radiative forcing and soil albedo through close interaction with biotic and
climatic stocks and changes in the soil-related flux of GHGs (Rubio 2007). The
magnitude of the flux of GHGs from soil to atmosphere depends on land use,
soil/animals/vegetation management and the antecedent SOC pool.

Fig. 2.1 A fertile Chernozem from Hungary. Source E. Micheli who granted permission to use
this photo
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2.4 Land-Use/Cover Change and the Impact on SOC
Stocks

Conversion from natural ecosystems to agroecosystems leads to decreased SOC
stock (Lal 2004; Zdruli et al. 2014). The magnitude and rate of decline are generally
higher in tropical soils than in temperate regions. Drastic perturbations caused by

Fig. 2.2 Impact of the soil organic matter depletion on ecosystem functions and services. Source
The authors

Fig. 2.3 Estimates of global soil organic carbon density from amended harmonized world soil
database (Mg C ha−1). Source Hiederer/Köchy (2011)

2 New World Atlas of Desertification and Issues … 17



land-use conversion and soil/crop/animal management heavily impact soil physical,
chemical, biological and ecological properties and processes (Fig. 2.2). Pedological
and ecological processes impacted include alterations in hydrothermal regime,
energy budget, biochemical transportation, rhizospheric processes, microclimate
and the rate of SOM decomposition and turnover. The overall impact is decreased
net primary productivity (NPP), net ecosystem productivity (NEP) and net biome
productivity (NBP). The threshold level of SOC concentration in the root zone is
1.1–2.0 % (temperate soils higher than tropical soils). Drastic reduction in the SOC
concentration magnitude has a negative feedback which exacerbates the rate and
magnitude of SOC stock depletion.

A wide range of factors determine the SOC stock depletion. There are economic,
political, societal, cultural and human dimensions in addition to the biophysical
factors. Reduced input of biomass carbon causes decreased SOC stock in agroe-
cosystem soils. A negative ecosystem carbon budget reduces soil biodiversity,
disrupts aggregation, degrades soil structure, exacerbates soil erosion hazards,
decreases green water supply, increases risk of drought stress, disrupts elemental
cycling and reduces soil fertility (Fig. 2.4).

Fig. 2.4 Effects of land use conversion and farming systems on soil properties, processes, and
ecosystem functions. Source The authors

18 P. Zdruli et al.



Negative feedback to the SOC pool is the net effect of decreased agronomic
production and reduced ecosystem services (Fig. 2.5). Accelerated soil erosion
adversely affects the on-site SOC stock. Despite the limited amount of research on
the fate of carbon transported by erosional processes on a watershed scale, erosion
has been found to severely deplete the soil SOC stock of erosion-prone ecosystems
(Lal 2003, 2004; Lal et al. 2004). Decreasing trends in SOC stock can be reversed
by adopting best management practices (BMPs) that also have a low carbon
footprint. The most important among a wide range of generic BMPs are no-till
farming, cover cropping, integrated nutrient management, agroforestry systems and
complex/diverse farming systems.

2.5 Global SOC Estimates

Although the issue of soil carbon sequestration is still a highly debated and complex
topic, the general consensus is that increasing soil carbon stocks could be a highly
cost effective (Grace et al. 2011) and environmentally suitable mitigation technique
(Mermut 2010). Global and continental estimates of SOC stocks were made (Batjes
1996) and a close link between these stocks and potential CO2 emissions from soil
under different scenarios of land-use/cover and climatic change conditions were

Fig. 2.5 Factors affecting soil organic carbon pool depletion in agroecosystems. Source The
authors
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developed (IPCC 2006). A few global estimates are presented as spatial data. Based
on the complete dataset derived from the Harmonized World Soil Database
(HWSD) version 1.2, Hiederer/Köchy (2011) estimated global SOC stocks sepa-
rately for depths 0–30 cm (topsoil) and 30–100 cm (subsoil) or shallower
depending on effective soil depth. The study found that the Earth’s topsoil contains
574 Pg C and the subsoil 632 Pg C, which totals 1,206 Pg C for 1 m depth. These
estimates largely depend on availability and quality of soil data and especially bulk
density values that are often missing. Other uncertainties are derived from the
various relationships between SOC and bulk density in mineral and organic soils
and numerous other factors (Schrumpf et al. 2011).

2.6 Soil Nutrient Mining

The cycling of nutrients in ecosystems is closely related to the flow of energy
(Gliessman 2007) and biomass transformation from biotic to abiotic components
and vice versa via processes referred to as the biogeochemical cycles. The main
cycles recognized are carbon, oxygen and nitrogen, while the atmosphere serves as
the primary abiotic reservoir (Pidwirny 2006). Less mobile elements such as
phosphorus, sulfur, potassium, calcium and most trace elements have local cycles
and the soil remains their main abiotic reservoir. These nutrients are taken up by
plant roots, stored for a period of time in biomass and eventually returned to the soil
by soil decomposers within the same ecosystem. The soil ecosystem may collapse
with severe consequences to food security and other ecosystem services when the
nutrient balance in the soil is disturbed by high losses from harvest, land-use
changes, leaching and erosion (Jones et al. 2013).

Soil nutrient depletion has severe economic impacts at the global scale; however,
in Sub-Saharan Africa (SSA), they are more pronounced than anywhere else.
Studies conducted since the mid-1980s (Stoorvogel et al. 1993) calculated nutrient
balances for 38 countries in SSA and estimated annual soil fertility depletion rates
of 22 kg N, 3 kg P and 15 kg K ha−1 or the annual equivalent of 4 billion USD
worth of fertilizer (Gilbert 2012). In Zimbabwe, soil erosion resulted in an annual
loss of nitrogen and phosphorus totaling 1.5 billion USD (Eswaran et al. 2001) and
17.8 million tons of soil nutrients were lost from arable land annually due to land
degradation. In South Asia, annual economic losses were estimated at 600 million
USD for nutrient losses caused by erosion and 1,200 million USD due to soil
fertility depletion (Stocking 1986; UNEP 1994). Furthermore, the Costa Rican
Ministry of Environment showed that reduced soil fertility and soil erosion caused a
7.7 % drop in national agricultural Gross Domestic Product from 1970 to 1989
(Thatcher 2012). Additionally, the US annual harvest of major crops removes about
7.8 Tg of nitrogen (excluding the N2–fixing crops alfalfa [Medicago sativa L.],
soybean [Glycine max (L.) Merr.] and peanut [Arachis hypogaea L.]); 2.3 Tg of
phosphorus; and 6.7 Tg of potassium with removals increasing by roughly 1 %
year−1 (IPNI 2010).
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Nutrient depletion of soils combined with accelerated erosion and reduced fal-
low periods have direct consequences on crop productivity, food production, food
security and human livelihood. Options for remediation and mitigation of soil
nutrient mining include both the use of chemical fertilizers (IFPRI 2011) and green
manure application through the expansion of nitrogen-fixing crops and trees or
mixing organic waste with the soil. Organic farming has additional benefits. For
example, the use of manures supports the development of microbial communities
that are more complex than those from the use of synthetic fertilizers (Sradnick
et al. 2013). However, these methods are complementary because neither of them
alone solves the problem of soil fertility depletion. Many farmers in inland regions
of Africa pay twice as much for fertilizers compared with European or US farmers
due to high transportation costs. Data show that 40–60 % of the food produced in
the US and UK is a result of fertilizer use (Stewart et al. 2005). One of the reasons
for low yields recorded across SSA is that fertilizer use amount has remained
constant at around 9 kg ha−1 of cultivated land over the past 40 years. In com-
parison, the use of inorganic fertilizers in Asia has increased to 96 kg ha−1 (Gilbert
2012). Increased population pressure in SSA and throughout Africa stresses the
importance of the population–agriculture–environment nexus that remains severely
unsustainable for much of the continent (Drechsel et al. 2001).

2.7 Sustainable Land Management Is the Answer
for Carbon Sequestration and Food Security

Sustainable land management (SLM) can increase productivity by improving water
use efficiency, optimizing nutrient cycling and supply for crop production,
enhancing vegetation cover and improving food security. Healthy soils produce
healthy food, support healthy living and promote a healthy environment.

Despite the possibility that economic benefits of some agricultural practices by
carbon sequestration potential may be questionable in the long run, the World
Overview of Conservation Approaches and Technologies (WOCAT) initiative has
shown (WOCAT 2007) that SLM has the potential to increase yields by 30–170 %,
increase water use efficiency by up to 100 % and increase SOC concentration by
1 % in degraded and up to 2–3 % in non-degraded soils (Lam et al. 2013). The
most common SLM techniques include soil and water management (terracing,
contour planting, living barriers, low tillage, mulches, cover crops including bio-
logical N-fixing (BNF) legumes that add a large quantity of N in just one season,
grazing corridors and water harvesting) and soil fertility management (manure,
compost, biochar,1 biomass transfer, agro‐ forestry, N‐fixing trees like [Faidherbia
albida L.] and integrated overall soil management). Furthermore, approaches like
EverGreen agriculture as a form of more intensive farming that integrates trees with

1See at: http://www.biochar-international.org.
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annual crops to sustain green cover on the land throughout the year and
‘climate-smart agriculture’ that includes techniques such as mulching,
inter-cropping, no-till farming, improved grazing and better water management
demonstrate their efficiency through increased income and environmental benefits
that reduce greenhouse gas emissions and enhance food security (WBI 2012).

Additionally, conservation agriculture (no‐till, bed‐and‐furrow technologies,
residue management, cover cropping, rotations, etc.), especially in the drylands,
shows promise because it provides a low‐cost entry point for long-term sustain-
ability. Conservation agriculture is based on the ‘no-till’ approach that aims to
reduce the impact of farming on the environment and on the farmland itself. It is
characterized by three principles: (i) minimum mechanical soil disturbance,
(ii) permanent organic soil cover and (iii) diversification of crop species grown in
sequences and/or associations and rotations.

The worldwide conservation farming area was estimated to be around 105 million
ha in 2008 (FAO 2009) and increased to about 125 million in 2012; however, almost
half the increase occurred in Latin America (Friedrich et al. 2012). No-till is prac-
ticed on about 70 % of arable cropland in countries like Brazil, Argentina, Paraguay,
Uruguay, Australia and New Zealand, while in the US that figure is only 25 % of the
cropland (Kruger 2012). The next most promising result of conservation agriculture
is erosion control in addition to increasing and sustaining yields.

Conservation tillage (Amato et al. 2013) also requires less energy and labor.
Thus, it reduces costs and environmental impacts, increases SOC concentration and
improves soil tilth and fertility. Overall SOM content increase is important because
it is considered the ‘elixir of life’ for soil. However, this technique relies heavily on
herbicide use for weed control and may cause resistant weeds to develop, as in the
case of cotton [Gossipium hirsutum L.] Fertilizers will continue to play an
important role in increasing crop production, especially in less developed countries,
but they must be carefully applied on the basis of soil characteristics and crop
nutrient requirements.

2.8 Conclusion

The SLM strategies offer tremendous opportunities and benefits, especially for
drylands:

• Reverse negative trends in resource-based degradation and declining agricultural
productivity,

• Contribute to mitigation and adaptation to climate change and other environ-
mental threats,

• Improve local livelihoods by reducing poverty and improving food security,
• Preserve and enhance ecosystem services and functionality, and
• Provide important environmental benefits at local, regional and global levels.
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However, issues of SLM, soil quality (Bone et al. 2012) and holistic adaptive
land management (Herrick et al. 2012) require a profound recognition of local
conditions as there are no universal ‘ready-to-use recipes’ for every location on
earth. Each approach must be tailored and adopted locally.

The UNCCD also promotes the zero-net land degradation by 2030 initiative
(UNCCD 2012) based on the principle that for each degraded hectare of land,
another one must be restored or rehabilitated to build a land-degradation neutral
world (Stringer 2012). Another example is the African great green wall for the
Sahara and the Sahel; this represents a concrete example of Africa’s contribution to
the achievement of neutral land degradation.

Is it possible to defeat soil degradation and increase the capacity of soils to
sequester carbon? Despite numerous positive and well documented examples
worldwide this question remains critical unless immediate action is taken and the
necessary policy and implementation frameworks for SLM are enacted through a
holistic approach. Societies may need to prepare for the possibility that this con-
quest might take quite a long time to fully accomplish unless these requirements are
met.
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Chapter 3
Terrestrial Ecosystem Carbon Dynamics
as Influenced by Land Use and Climate

Sabit Erşahin, Selim Kapur, Gönül Aydın, Erhan Akça,
Doğanay Tolunay, Özden Görücü, Gülay Karahan
and Bayram C. Bilgili

Abstract Recent increases in atmospheric CO2 concentration and increased cli-
mate variations enforced us to improve our understanding of the terrestrial bio-
sphere to improve human-ecosystem harmony in regard with processes and
feedbacks that have functions in the earth system as a whole. Terrestrial ecosystems
are principal components of the main carbon pools and land use has a decisive
impact on these pools. Studies showed that converting forest and grasslands to
farmlands and urban areas can result in considerable amount of carbon losses to
atmosphere. However, emitted amounts may depend on the geographical region as
well as type of vegetation cover of the converted areas. Recent studies showed that
feedbacks between climate change and vegetation is more complicated than it was
thought. Combined with these feedbacks, the land use changes may have an
intricate impact on carbon exchange between atmosphere and biosphere. Studies
showed that the consequences of changes in land use are beyond the expected in
terms of ecosystem functioning and environmental quality. Complex interactions
among climate, soil, plant productivity, and land management should be understood
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well to balance ecosystem functions and human welfare. In this literature review,
we discussed interactions and feedbacks among terrestrial ecosystems and global
carbon balance in regard with global climate change.

Keywords Carbon sequestration � Ecosystem functioning � Land use � Global
carbon balance � Atmospheric carbon dioxide

3.1 Introduction

The elevated CO2 concentrations in the atmosphere and its effects on abrupt climate
change augmented a considerable interest in the global CO2 emissions
(McKitrick/Strazicich 2005; Lal 2014). Since 1850, approximately 500 Pg carbon is
emitted from fossil fuel combustion and land-use changes (Lal 2014). Greenhouse
gas emissions have risen to 70 % for the last 30 years, and in spite of 1997 Kyoto
Protocol are expected to double or triple in the 21st century. Global surface tem-
peratures have increased by 0.8 °C since the late nineteenth century. In addition, 11
of 12 warmest years on record have occurred since 1995 (IPCC 2007). It is pre-
dicted that the temperature of earth will increase by 1.5–5.8 °C during the
twenty-first century, and the global temperature has increased by 0.15 °C per
decade since 1975 (IPCC 2007).

Atmospheric CO2 has been increasing since industrial revolution. Concentration
of CO2 increased from 280 ppm in pre-industrial revolution to 390 ppm in 2010
(Lal 2014). Data on atmospheric CO2 concentration show that rate of increase is not
linear. Deforestation, consumption of fossil fuels, and land use changes are the main
causes of the elevated atmospheric CO2 (Vesterdal/Feifeld 2010). Intensified land
use and degraded landscapes generally support concentration of the atmospheric
CO2 (Lal 2014). It is very difficult to foresee the causes of the elevated atmospheric
CO2 due to that the earth system dynamics are very complex. For example, it’s
unknown how the elevated atmospheric CO2 will alter the net primary product
(NPP) of different vegetation across time and ecoregions (Vesterdal/Feifeld 2010).

The principal causes of atmospheric CO2 increase may be classified in two main
groups as human related factors and climate related factors. The harmony between
human and landscape is very important in CO2 sequestration, which mainly
determines the amount of carbon emitted to the atmosphere. Sustainability of land
use as affected by cultural, social, and economical aspects of the land dwellers is
critical in building resilient landscapes to climate changes.

Climate change has a direct impact on ecosystem dynamics (Hudiburg et al.
2009). The feedbacks between atmospheric CO2 concentrations and ecosystem
dynamics are highly unpredictable due to the nonlinearity of the controlling pro-
cesses (Vesterdal/Feifeld 2010). It’s difficult to generalize the feedbacks of terres-
trial ecosystems to climate and land use changes across soil types, landscapes, and
vegetation. Different soil types respond differently to similar management practices
in different climates. Forest management differences may result in huge differences
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in carbon sequestration in mineral soils, forest stands, and forest floor (Ordóñez
et al. 2008). Combined with climate changes, human interventions can further
complicate these feedbacks (Heimann/Reichstein 2008).

Understating the terrestrial ecosystem feedbacks to climate change needs con-
ducting long term controlled studies to measure/predict temporal and spatial vari-
ation of carbon fluxes and sizes across different soil, vegetation, climate, and land
uses. The measurements may be supported with integrated process ecosystem
models such as Dynamic Land Ecosystem Model (DLEM) to address responses of
terrestrial ecosystems to multiple stressor including land use change, climate
change, and ecosystem disturbances (Zhang et al. 2007). The aim of this review is
to discuss terrestrial ecosystem carbon dynamics in regard with land use and climate
aspects.

3.2 Factors Affecting the Global Carbon Cycle

A significant increase has occurred in the global atmospheric CO2 concentration in
the 21st century which is even accelerated recently (Lal 2014). The atmospheric
CO2 concentration was 280 ppm (parts per million) before industrial epoch and
rose to 390 ppm by 21st century (Tans/Keeling 2013). Approximately 500 billion
Mg of carbon has been stored in terrestrial vegetation (Janzen 2004). The amount of
carbon stored in underground of the ecosystems is predicted approximately 2000
billion Mg (in 1-m deep soils). It was predicted that 1.6 Gt carbon is released into
atmosphere per year during the 1990s due to deforestation. On the other hand,
terrestrial vegetation is believed to offset this release by absorbing between 2 and 3
Gt C per year at the same time (Broadmeadow/Matthews 2003).

Land carbon sinks have decreased on a global scale. Since 1959, approximately
350 billion tons of carbon has been emitted to the atmosphere, and 55 % of this has
moved into the land and oceans. The mechanisms and locations responsible for
elevated global carbon uptake are important for balancing the global carbon budget
and predicting future carbon-climate interactions (Ballantyne et al. 2012). The
average annual global carbon budgets for 1980–1989 and 1989–1998 are shown in
Table 3.1. This table shows that the rates and trends of carbon uptake in terrestrial
ecosystems are quite uncertain. However, during these two decades, terrestrial
ecosystems may have served as a small net sink for carbon dioxide. This terrestrial
sink seems to have occurred in spite of net emissions into the atmosphere from
land-use change, primarily in the tropics, having been 1.7 ± 0.8 Gt C year−1 and
1.6 ± 0.8 Gt C year−1 during these two decades, respectively (IPCC 2000).

The oceans contain 50 times as much carbon as the atmosphere, mostly in the
deep ocean. Over the time scale of 1000–2000 years, natural uptake of CO2 by the
ocean, combined with dissolution of marine carbonate, will absorb 90 % of the
carbon released by human activities (Schrag 2007). An understanding of the degree
and timing of the response of this carbon reservoir to perturbations associated with
climate or land use changes requires knowledge of both the inventory of carbon in
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soils and the turnover rate of carbon in soil organic matter (Trumbore 1993;
Vesterdal/Feifeld 2010). Land use changes mainly disturb the ecosystems dynamics
(Vesterdal/Feifeld 2010).

3.3 Land Use and Management

The land-use and land-cover change sector is the second most important source of
terrestrial carbon emissions after fossil fuel burning (Lal 2014). Accelerated carbon
emission from biosphere contributes significantly to atmospheric change, particu-
larly atmospheric CO2 concentration (Lal 2014). Estimates of carbon stocks within
different land management and cropping systems are an important element in
planning sustainable land use that protects carbon (Table 3.2). Tropical countries
have a large potential of carbon sequestration through reforestation and restoration
of degraded agro-ecosystems (Dixon et al. 1994).

Table 3.1 Average annual budget of CO2 for 1980–1989 and for 1989–1998, expressed in
Gt C year−1 (error limits correspond to an estimated 90 % confidence interval)

1980–1989 1989–1998

Emissions from fossil fuel combustion and cement production 5.5 ± 0.5 6.3 ± 0.6a

Storage in the atmosphere 3.3 ± 0.2 3.3 ± 0.2

Ocean uptake 2.0 ± 0.8 2.3 ± 0.8

Net terrestrial uptake = (1) − [(2) + (3)] 0.2 ± 1.0 0.7 ± 1.0

Emissions from land-use change 1.7 ± 0.8 1.6 ± 0.8b

Residual terrestrial uptake = (4) + (5) 1.9 ± 1.3 2.3 ± 1.3

Source IPCC (2000: 10)
aNote that there is a 1-year overlap (1989) between the two decadal time periods
bThis number is the average annual emissions for 1989–1995, for which data are available

Table 3.2 Global carbon stocks in vegetation and top 1-m of soils

Biome Area (106 km2) Vegetation Soils Total

Tropical forests 17.6 212 216 428

Temperate forests 10.4 59 100 159

Boreal forests 13.7 88 471 559

Tropical Savannas 22.5 66 264 330

Temperate Grasslands 12.5 9 295 304

Deserts and semi-deserts 45.5 8 191 199

Tundra 9.5 6 121 127

Wetlands 3.5 15 225 240

Croplands 16.0 3 128 131

Total 151.2 466 2011 2477

Source IPCC (2000: 10)

30 S. Erşahin et al.



Conversion of arable lands to forests generally result in carbon sequestration
(Lal 2005). However, it’s questionable whether legacy of intensive agriculture will
be recovered or not (Vesterdal/Feifeld 2010). Chuluun/Ojima (2002) reported that a
30 yearlong study showed that cultivation of Chernozem soils in Northern
Kazakhstan caused %25–30 reduction in soil organic matter.

The rate of greenhouse gases being released into the atmosphere has increased
mainly by burning of fossil fuels, land clearance, and deforestation
(Broadmeadow/Matthews 2003). Forests and forest soils have large capacities to
store carbon as compared with other land uses (Dixon et al. 1994). Therefore,
researchers and policy makers are interested in forest ecosystem carbon seques-
tration as forests account for 80–90 % of terrestrial plant carbon and 30–40 % of
soil carbon at global scale (Harvey 2000). Since Forests and forest soils have large
capacities to both store and release carbon (Dixon et al. 1994), detailed forest
ecosystem carbon budgets are helpful for improving our understanding of the ter-
restrial carbon cycle and for supporting the decision-making processes in forest
management (Liu et al. 2006).

Forest management strategies can affect carbon sequestration substantially.
However, relation between forest management and carbon sequestration is gener-
ally not well known (Vesterdal/Feifeld 2010). As most of the studies focused on the
type-effect of the tree species on forest floor carbon sequestration, only little is
known on the effect of the forest ecosystem on the carbon sequestration of soils.
(Vesterdal/Feifeld 2010). Forest age, forest management, forest type, and distur-
bance history considerably affect the carbon uptake from atmosphere (Hudiburg
et al. 2009). Hudiburg et al. (2009) reported that climate had a most important
influence on maximum NPP (net primary product) and dead biomass while forest
type had the most important effect on live biomass in the forest of Oregon and
Northern California. These researchers also reported that it was possible to increase
carbon stocks by 46 % if the forests are managed for maximum carbon storage.

Afforestation may result in highly different carbon sequestration chronose-
quences across different topographies, soils, forest types, and climate zones.
Vesterdal/Feifeld (2010) reported from their afforestation study conducted on for-
mer croplands in Denmark, Sweden, and The Netherlands that carbon sequestration
rates ranged from approximately zero in two Danish chronosequences to
1.3 Mg ha−1 year−1 in two Dutch chronosequences and that almost entire of the
carbon sequestration took place through forest floor development. They further
reported that in contrast to forest floor, mineral soil carbon sequestration showed no
obvious patterns. Afforestation in nutrient poor sandy soils had lower carbon
sequestration compared to nutrient rich soils, and in short term (30 years) oak and
spruce showed a little difference in their effects on carbon sequestration.

Thinning can have considerable influence on the carbon dynamics of forest soils.
In general, carbon stocks are largest in weakly thinned stands, while thinning
intensity may be offset by site-related differences (Vesterdal/Feifeld 2010). Increased
thinning generally results in faster decomposition of litter that causes carbon losses.
Organic matter input in thinned forest soils is more continuous compared to tradi-
tional clear-cut forest soils. In addition, since better climate is maintained under

3 Terrestrial Ecosystem Carbon Dynamics as Influenced … 31



thinning, litter decomposition will be slower compared to clear-cut system, which
will result in a lower carbon emission rates from the system (Vesterdal/Feifeld 2010).

Soils and terrestrial vegetation are vast reservoirs of carbon (Table 3.2).
Therefore, the best way to prevent elevated CO2 concentration in the atmosphere is
to increase the amount of CO2 stored in terrestrial ecosystems (Lal 2014). Improper
land-use and land-use changes have been predicted to cause a loss of 1.7 ± 0.8 Gt
carbon/year and 1.6 Gt carbon/year during the 1980s and 1990s, respectively
(Houghton et al. 2000; Upadhyay et al. 2005). The evolution of the terrestrial
carbon sink is largely the result of changes in land use over time (Schimel et al.
2001). Compared to arable lands, forests are greater carbon sequesters (Lettens
et al. 2005). On the other hand, Jiao et al. (2010) reported greater soil carbon stocks
(0–40 cm) in arable soils than forest and grassland soils. In Southwest Goias of
Brazil, some cultivated areas appeared to have greater C stocks than native vege-
tation (Balieiro et al. 2010). In overall, conversion of native vegetation results in
loss of original carbon stocks.

Converting forests and grasslands to arable lands result in decreased carbon
sequestration (Ordóñez et al. 2008). However, it is difficult to generalize the rate of
change in soil carbon stocks across diverse climate and soil conditions
(Vesterdal/Feifeld 2010). Zhang et al. (2007) reported that greater precipitation and
lower temperature in higher elevation forests resulted in greater amount of carbon to
store in soils compared to those in lower elevation forests in Great Smoky
Mountains National Park.

Figure 3.1 shows MODIS-predicted net primary products (NPPs) for different
land uses in Turkey in 2006. The NPP of mixed forests is far greater than other land
uses. However, the amount of carbon sequestered in soils and vegetation (net biome
production: NBP) is critical in evaluating the feedbacks of these ecosystems to
abrupt climate change. The NBP may be highly variable across forest types, soil
types, and climate as well as across different land uses. Lal (2014) stated that
The NBB can be increased to about 10 Pg/year globally through the land use and
management.

Fig. 3.1 MOD17A3 (Annual MODIS GPP/NPP data sets)-obtained net primary product (NPP;
g m−2 year−1)-values for some principal land uses in Turkey. Source Bilgili et al. (2014: 268)
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Prediction of large-scale forest ecosystem carbon budget is complicated due to
the difficulty of quantifying the impacts of both natural environmental variability
and human disturbances. Different management regimes affect the forests to
sequester carbon. Succession; direct human activities such as silviculture, har-
vesting, and clearing for conversion to non-forest use; natural disturbances caused
by wildfire or pest outbreaks; and changes in climate and atmospheric pollutants
have decisive effects on soil biomass changes (Sivrikaya et al. 2007). The accu-
mulation of carbon by forest stands is often referred to as carbon sequestration.
According to Thompson/Matthews (1989), time for soil carbon to reach equilibrium
is much longer than that for forest biomass in newly planted forests.

3.4 Soil as a Carbon Sink or Source

The soils are the third largest carbon sink after oceans and calcareous rocks.
Approximately 4000 Pg of carbon is stored in world soils to 3-m depth (Lal 2014).
Soil texture, depth, and soil organic matter have a significant effect on the amount
of soil organic carbon (SOC). The importance of soil texture for the SOC contents
was stressed repeatedly as clays are an important component that directly stabilizes
organic molecules against degradation (Bationo/Buerkert 2001). It was reported
that independent of climatic variations such as precipitation, temperature, and
duration of the dry season, SOC increased with the soil clay and silt contents
(Six et al. 2002).

Amount of carbon stored in soil ecosystems vary spatially and temporally. The
organic carbon content of surface soils directly affect nutrient cycle and the gas
exchange with the atmosphere. Little information is available on residence time of
carbon in the soil organic matter reservoir, especially regarding its variation with
soil forming factors such as climate, topography, time, parent material, and land
use. In order to understand the role of the soil carbon pool in the global carbon
cycle, it is necessary to quantify the accumulation, transformation, translocation,
and decomposition of soil organic matter on different time scales ranging from
seasonal to millennial (Trumbore et al. 1996). Models of soil carbon turnover at the
ecosystem level differentiate soil organic carbon into fast (annual turnover), slow
(decadal to centennial turnover) and passive (millennial and longer turnover) pools.

Similar management practices may have very different impacts on soil carbon
stock across different soil, climate, and crop types. Srinivasarao et al. (2009)
reported a significant positive correlation (r = 0.59, P < 0.01) between annual
rainfall and soil carbon stocks and that the organic carbon stocks changed between
26.7 and 57.7 Mg ha−1 for Inceptisols, between 23.3 and 49.8 Mg ha−1 for
Alfisols, between 28.6 and 95.9 for Vertisols, and between 20.1 and 27.4 Mg ha−1

for Aridisols in a range of cropping systems and climate conditions in dryland
farming regions of India.

Prediction of the short-term effects of climate or land use change on soil carbon
storage requires determination of soil carbon turnover rates in regard with the
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feedbacks between SOC and factors such as temperature, precipitation, and soil
properties (Trumbore et al. 1996). Changes of SOM is generally reported from
long-term studies and is chosen as the most important indicator of soil quality and
agronomic sustainability because of its impact on other physical, chemical, and
biological indicators of soil quality (Lal 2014).

3.4.1 Agricultural Ecosystems

Carbon dioxide emissions from agriculture are originated from machinery used for
cultivating the land, production and application of fertilizers and pesticides, and the
SOC oxidized due to soil disturbance such as tillage. Energy and CO2 emissions
associated to different tillage practices are resulted from the fuel used by farm
machines and the energy consumed in manufacturing, transportation, and repair of
the machines (Bowers 1992). Kern/Johnson (1993) calculated average carbon
emissions associated to crop production, based on an energy analysis by Frye
(1984), and they predicted that carbon emissions under conventional, reduced, and
no-tillage (NT) were 52.8, 41.0, and 29.0 kg C ha−1 per year, respectively.

Sequestration of carbon in terrestrial ecosystems, including in agricultural soils,
might be used to offset some of the emissions of CO2 from burning fossil fuels
(IPCC 2000). This may be achieved by adaptation of reduced or no-tillage that can
lead to sequestration of more carbon in agricultural soils.

Differences among tillage practices in carbon loss depend on crop grown, soil
type, and climate. Adaptation of conservation tillage (reduced and no-tillage)
practices can reduce the organic carbon loss from soils (Dick 1983; Kern/Johnson
1993). However, results of some studies showed that no till only changed the
distribution of carbon in topsoil (in the top 0–5 cm) while it unaffected the amount
of total carbon stored in the soil profile. Therefore, greater soil depths than currently
applied (20–30 cm) should be sampled to capture the tillage effect on soil carbon
sequestration (Baker et al. 2007). The other topics of soil tillage such as erosion
control, weed effect, energy consumptions, nitrous oxides emissions, and so on
should also be considered besides carbon sequestration in evaluation tillage effects
on climate change (Vesterdal/Feifeld 2010).

Crop rotation and application of green manure including winter cover crops and
farmyard manure are important factors that should be considered in regard with
carbon sequestration of arable soils. Increased soil carbon stocks, resulted from
rotations included winter cover crops that provided additional residue input while
protecting the soils against erosion, have been reported (Lal et al. 1999). In spite of
common belief that manure application enhances soil organic carbon stock, some
argued that it results no net sequestration effect in soil carbon stocks since appli-
cation of manures is simply redistribution of resources (Vesterdal/Feifeld 2010).
Besides the crop rotation, crop residue management is an important factor affecting
carbon sequestration and organic carbon turnover in arable soils (Vesterdal/Feifeld
2010).
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In continuous no-tillage (NT) systems, plant residues accumulate on the soil
surface. The lack of tillage, results in less redistribution and greater accumulation of
carbon in NT soils. Soil organic matter increases when previously cultivated soils
are converted to NT. Reduced tillage and NT affect C/N cycling. This is due
primarily to decreased mixing of residues in the plow layer and a decrease in
aeration plus an increase in soil water content. Soil organic carbon is significantly
greater under NT, especially in topsoil (Donigian et al. 1994). However, in reduced
tillage, soil carbon and N, microbial activity, and nutrient dynamics are altered
somehow (Salinas-Garcia et al. 1997). The changes in carbon and N are partly
attributed to the changes in the microbial environment. Conservation tillage, along
with efficient management of irrigation, fertilizer, and pesticides may increase soil
organic carbon (SOC) due to increased yields and decreased loss of SOC (Lal
2008).

Evaluation of cropping effects on carbon stocks in arable soils needs evaluating
the data across different soil, crop and climate types. Follett et al. (2005) concluded
from their five-year study conducted on an irrigated Vertisol (clayey, smectitic,
isotermic, Udic Pellustert) that in a wheat-Been cropping system, N-rate and tillage
had no effect on soil’s carbon sequestration, while a considerable carbon seques-
tration occurred under wheat-corn cropping system with no-till. Srinivasarao et al.
(2009) studied carbon stocks for last 25 years at 21 sites under rainfed production
system and management regimes on principal soil types and climatic conditions in
India. Their findings showed that the soils considerably varied in their carbon stocks
and that the carbon stocks were Vertisols > Inceptisols > Alfisols > Aridisols. They
further reported that soybean-maize- and groundnut-based systems exhibited greater
soil organic carbon stocks.

3.4.2 Urban Ecosystems

Urban ecosystems are expanding globally. Assessment of the ecological conse-
quences of urbanization is critical to understanding the biology of local and global
changes related to land use. Urbanization of arid and semiarid ecosystems leads to
enhanced C-cycling rates that alter regional carbon budgets (Kaye et al. 2005).
Urban ecosystems are the home to more than half of the world’s population, and are
responsible for >70 % of anthropogenic release of carbon dioxide and 76 % of
wood used for industrial purposes. The proportion of the urban population is
expected to increase to 70 % worldwide by 2050.

The organic carbon change and storage in human settlements have not been well
quantified.Human settlements can store asmuch carbon per unit area (23–42 kgCm−2

urban areas and 7–16 kg C m−2 exurban areas) as tropical forests, which have the
greatest carbon density of natural ecosystems (4–25 kg C m−2). To counterbalance
rising urban carbon emissions, regional and national governments should act to protect
or even to increase carbon stored in human-dominated landscapes. Rigorous studies
addressing carbon budgets of human settlements and vulnerability of their carbon
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storage are needed (Churkina et al. 2010). For example; China is the world’s most
crowded country and the largest emitter of fossil-fuel CO2 into the atmosphere.
However, its experience on regionally distinct land-use histories and climate trends
may help control the carbon budget of its ecosystems (Piao et al. 2009).

3.4.3 Grasslands

Grasslands have taken considerable attention as they behave as carbon sink
(Soussana et al. 2004). Most grasslands behave as carbon sink when they are
managed properly. However, when improperly managed, the grasslands become
carbon source (He et al. 2012).

Grazing may reduce carbon sequestration in some grassland ecosystems, while
contribute it in other ecosystems depending on climate, vegetation characteristics
and grazing management. He et al. (2012) concluded that grazing exclusion resulted
in 15.5 Mg C ha−1 carbon sequestration in 0–50 cm soil depth in Inner Mongolian
grasslands. However, Chuluun/Ojima (2002) reported that yearlong or summer
heavy grazing for 50 years affected soil carbon stocks differently in Mongolian
grasslands from grasslands in Xilingole (China). They further reported that while a
25 % decrease occurred in Chinese sites, no decrease was observed in Mongolian
sites. On the other hand, Schuman et al. (2002) reported that grazing (either light
stocks or heavy) Northern mixed prairie for 12 years resulted in increased carbon
stocks in the 0–30 cm surface soils compared to ungrazed areas. Derner et al.
(1997) and Henderson (2000) observed greater carbon stocks in grazed soils than
ungrazed soils.

Greater soil carbon stocks in grazed grasslands may be attributed to greater
return of ingested nutrients to the soil as excreta (Schnabel et al. 2000). In addition,
the foot traffic of grazing animals may trigger the litter breakdown resulting in faster
decomposition (Schuman et al. 2002). Distribution of grasses through undigested
seeds by grazing animals may contribute maintenance of heterogeneity of vegeta-
tion over the grasslands that result in greater carbon sequestration. Heavy grazing is
expected to damage the grasslands (both soil and vegetation cover) due to nutrient
loss by soil erosion. The studies showed that the correlation between grazing and
soil carbon stocks is not consistent across different climate, soil, and
socio-ecological conditions (Vesterdal/Feifeld 2010).

Carbon sequestration can be enhanced through fertilization of grasslands due to
increased net primary product that results in greater residue inputs (Lal 2005).
Greater NPP was reported for nitrogen and sulfur fertilized grasslands compared to
unfertilized ones (Vesterdal/Feifeld 2010). Land use history, soil texture, and
hydrology are important drivers in evaluation influence of management on carbon
sequestration (Mestdagh et al. 2006).
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3.5 Climate Change

Biological systems can control the Earth System in a large scale. Terrestrial
ecosystems control exchanges of CO2, nitrous oxides, water vapor, energy, and
momentum between atmosphere and earth surface. Climate-ecosystem feedbacks
may amplify or dampen regional and global climate change. Feedbacks between the
carbon cycle and climate change have recently taken considerable attention. Studies
show that the increased CO2 can provide a negative feedback by enhancing plant
growth through (Vesterdal/Feifeld 2010) the damaging effects of other air pollutants
such as tropospheric ozone. Altitude has a dramatic control on the ecosystem C
storage and its responses to global change. The protected areas in the high altitudes
may provide a unique opportunity to study ecosystem response to climate change
since these ecosystems are highly sensitive to climate change (Zhang et al. 2007).

Ecosystem-climate feedback has been operated for thousands of years as cor-
relations between climate change and atmospheric concentrations of CO2, nitrous
oxides, and methane during the last glacial time (Petit et al. 1999). Studies show
that the terrestrial component of carbon cycle is responding to climate change on a
global scale (Matthews et al. 2009) as strong correlation between inter-annual CO2

and El-Nino-Southern oscillation climate variations. “Uncertainty in the response of
the global carbon cycle to anthropogenic emissions plays a key role in assessments
of potential future climate change and response strategies” (O’neil/Melnikov 2008).
Climate–carbon modeling experiments have shown that: (1) the warming per unit
CO2 emitted does not depend on the background CO2 concentration; (2) the total
allowable emissions for climate stabilization do not depend on the timing of those
emissions; and (3) the temperature response to a pulse of CO2 is approximately
constant on timescales of decades to centuries (Matthews et al. 2009).

Positive feedbacks between climate change and carbon cycle may amplify the
global warming due to increased atmospheric CO2. Matthews et al. (2009) studied
response of vegetation photosynthesis to climate change using a coupled
climate-carbon model. Their results showed that large feedbacks were associated to
climatic suppressions of terrestrial primary productivity, which caused a reduction
in terrestrial carbon uptake. Figure 3.2 depicts variations of NPP of broadleaf and
needle leaf forests in four different climate zones in Turkey between 2000 and 2010.
Two most drastic decreases occurred for both broad and needle leaf forests in Aydın
(W Turkey) and Bolu (NW Turkey). These two regions were strongly affected by
2003 and 2007 heat waves. However, NPP of needle leaf forests in Çankırı
(N-central Turkey) and Erzurum (NE Turkey) were not affected much as the heat
waves were slightly felt in these provinces. This showed that climate extremes
could be considerably important for carbon sequestration of forest ecosystems.

Hudiburg et al. (2009) reportedmeanNPPof1.9 g m−2 year−1 to 44.2 g m−2 year−1

for different forest age groups in six ecoregions located in Oregon and Northern
California and that climate was the most important factor, followed by forest type and
age group, determining the maximum NPP in these ecoregions. Clark et al. (2003)
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reported that the NPP of tropical forests were considerably affected by inter-annual
climate and decreased NPP values in warmer years.

The terrestrial ecosystems respond to concrete time series of actual weather
conditions, but not the mean climate (Matthews et al. 2009). Therefore, variability
and extremes such as heat waves should be considered too in assessing
climate-ecosystem feedbacks. Changes in frequency and timing of rainfall and
temperature extremes without changing in annual total or average may impact
water-carbon cycle interactions. For example, the warmer winter and early spring
may result in earlier leafing and flowering causing vulnerability of plants to late
frosts. In addition, temporal changes in water deficit, wind speed, air temperature,
and humidity may trigger forest fires that result in rapid emission of carbon
(Matthews et al. 2009). On the other hand, feedbacks in the atmosphere may offset
the warming effect of greenhouse gasses. For example, Auffhammer et al. (2006)
showed that atmospheric brown clouds, formed from the burning of fossil fuels,
reduced rice harvest in India due to that these clouds absorb solar radiation in the
lower atmosphere and scatter it back to the atmosphere, reducing photosynthetically
active radiation at the earth surface.

In carbon cycle-climate models, fundamental paradigm was that increased
atmospheric CO2 and grater temperature stimulates the photosynthetic uptake of
CO2 by plants. However, recent studies showed that the process is much more
complicated than previously thought due to the complex dynamics via interactions
between chemical, physical, and biological processes within the ecosystem
including soil (Matthews et al. 2009). This indicates that climatic and environ-
mental factors may modify the carbon balance of the world’s ecosystem (Matthews
et al. 2009). Availability of water, vertical distribution of carbon and roots in soil,
and drought sensitivity of vegetation will control net primary product (NPP).
Different vegetation covers may respond differently to the same drought conditions,
while the same vegetation cover may respond differently in similar drought con-
ditions due to changes in soil, microclimate, and topographic conditions.

The aboveground and belowground processes such as photosynthesis and res-
piration principally determine the net effect of environmental change on carbon
balance in an ecosystem. The interaction carbon-nitrogen cycles may alter

Fig. 3.2 Fluctuation of MODIS-predicted (MOD17A3 (Annual MODIS GPP/NPP data sets)) net
primary products (NPP) of needle leaf and broad leaf forests between 2000 and 2010 in four
different provinces of Turkey. Source Erşahin and Bilgili, Unpublished data
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ecosystem carbon responses to climate change. Carbon dioxide fertilization effect
on canopy assimilation may be offset by nitrogen deficiency in nitrogen limited
ecosystems. In addition, nitrogen availability affects the decomposition of soil
organic matter. A strong integrative consideration of complex integrations between
ecosystem processes at different level of organization is necessary to understand
feedbacks among ecosystem, carbon, and climate change (Matthews et al. 2009).

3.6 Mitigating the Atmospheric CO2 Increase

According to many commentators, climate change and the global carbon budget
will chiefly affect the future of the global environment and its potential impact on
mankind. The world’s forests have an important function in offsetting the climate
change. The carbon that they contain would be enough to raise atmospheric CO2

concentration to well over 1000 ppm that it may potentially lead to a catastrophic
rise in temperature of 5–8 °C. Maintaining and rehabilitating global forests is
essential to mitigate climate change (Broadmeadow/Matthews 2003). In mitigating
CO2 emissions following restored hydrology, quantification of net greenhouse gas
emissions should be balanced since carbon stocks can be enhanced in wet condi-
tions through decreased decomposition of organic matter while emission of other
greenhouse gases can be enhanced (Vesterdal/Feifeld 2010).

Emphasis has been focused on decreasing the rate of CO2 emissions from
fossil-fuel use. There is an increasing recognition that the rate of emissions can be
mitigated by transferring CO2 from the atmosphere to the terrestrial biosphere (Lal
2014). Elevated CO2 concentrations in the atmosphere may enhance plant growth due
to that the increased CO2 may result in increased photosynthesis, especially in newly
foretasted areas. Therefore, reforestation and afforestation can make a significant
contribution to the mitigation of climate change (Broadmeadow/Matthews 2003).

The potential use of forests to mitigate carbon has long been discussed. Some of
the carbon emitted by fossil fuel burning may be converted to vegetation and this
help offset CO2 buildup in the atmosphere. Some commentators suggest storing
industrially emitted carbon in underground storage tanks. Nevertheless, society
should consider the costs and side effects of different options in mitigating CO2

emissions. Tropical deforestation accounts for one-quarter of anthropogenic carbon
emission and avoiding deforestation activities are one of the most efficient and cost
effective measures to reduce carbon emissions (Kindermann et al. 2008). They
showed that a 10 % decrease in deforestation globally from 2005 to 2030 could
result in 0.3–0.6 Gt CO2 per year reduction in emission and would require $0.4
billion to $17 billion per year for 30 years. According to Soares-Filho et al. (2006)
saving approximately 130 M ha of tropical forest in Amazon can result in a
reduction of 62 Gt CO2 emissions over the next 50 years. In addition, loss of
biodiversity and other environmental services can be avoided through a well-adapted
deforestation program. As some nations have already advocated (Kindermann et al.
2008) carbon credits should be provided to save these native forests.
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A sustainable land management has been defined as the system that allows an
adequate production, while maintaining quality of soil and water (Lal 2014). Soil
tillage systems are important factors of sustainable land management. Conventional
tillage decrease soil carbon storage significantly and influence the soil environment
of a crop (Basso et al. 2006). Cultured soils, converted from grasslands, generally
show a slower decline in soil organic matter with no-tillage (NT) compared to
conventional tillage. Conservation management systems, such as NT, also increase
the active fractions of soil organic matter (Salinas-Garcia et al. 1997).

All plant material contain carbon (normally around 50 % of dry weight), and
burning or decomposition of cleared vegetation releases it to the atmosphere,
mainly in the form of CO2. Plants and particularly trees continue to make an
important contribution to the global carbon cycle (Broadmeadow/Matthews 2003).
Retention of carbon in terrestrial ecosystems is one of the most effective ways in the
prevention of global warming and decreasing greenhouse gases. A significant
portion of the carbon is retained in the rizosphere. Therefore, knowledge on carbon
dynamics in different plant’s rizosphere may help mitigate carbon losses from the
soils. Long term studies have consistently showed benefit of increasing carbon
input into the soil. However, even in sustainable cropping systems, continuous
cropping results in a decline of soil organic carbon (Roose/Barthes 2001).

Plant residue, and thus soil carbon inputs are mainly affected by the (1) type of
plants being grown, (2) amount of dry matter the plants accumulate over the
growing season, and (3) environmental factors which govern plant production. The
rate of carbon loss is determined by (1) type of plant and animal matter entering the
soil, (2) climate conditions (rainfall, temperature, sunlight), and (3) soil clay content
(Baldock 2011). Mulching decreases soil temperature, maintains favorable soil
structure and infiltration rate, and enhance microbial and mesofaunal activities
(Roose/Barthes 2001). Mulches also contribute the soil carbon stock by reducing
mineralization and protecting soil against erosion (Nandwa 2001).

Nations should take necessary measures to control C emissions and to avoid
further atmospheric CO2-related global warming. Different policy options should be
considered to develop sustainable landscapes resilient to global warming and to
desertification. Social, ecological, cultural, economic, and environmental factors
should be balanced well to avoid land degradation and desertification that may
impact future of natural resources and societies’ well-being (Soytas/Sari 2006).
Hence, the economic and ecologic aspects of the emissions–energy–income nexus
needs to be studied carefully and in detail. Carbon sequestration from fossil fuel
combustion, particularly coal, is an essential component of a planning targeted to
avoiding impacts of human-induced climate change. Unfortunately, the present
scientific and economic challenges are not adequate to capture and store carbon at
the required scale (Schrag 2007).

“Terrestrial ecosystem carbon sequestration can reduce the rate of buildup of
greenhouse gases in the atmosphere and therefore can contribute to a better human
adaptation to current and future environmental changes” (Sivrikaya et al. 2007). In
soil carbon sequestration, every aspect of the inputs and outputs should be con-
sidered (IPCC 2007). There are three strategies of reducing CO2 emissions to
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mitigate climate change (Schrag 2007) (1) reducing the global energy use, (2) de-
veloping low or no-carbon fuels, and (3) sequestering CO2 from point sources or
atmosphere by natural and engineering techniques.

In addition to economics, the human dimension issues need to be addressed
objectively and critically for both biotic and abiotic CO2 sequestration options.
“Appropriate policy and regulatory measures need to be developed, especially with
regards to measurement, monitoring, residence time, and trading” (Lal 2014). The
harmony between society and nature should be set well to ensure an adequate
carbon sequestration for balancing atmospheric CO2 budget.

3.7 Conclusions

Recently it has been recognized that biological systems can control and steer the
global carbon cycle, and terrestrial ecosystems are an integral part of these systems
as they feedback to the changes in atmospheric CO2 concentration. Even in
hyper-arid regions, there are keystone plants with tremendous ecological value. In
these ecosystems, significant amount of carbon is stored as they occupy large areas
worldwide. Recent advances showed that the interactions between terrestrial
ecosystems and atmosphere are far more complicated than it was thought. It has been
recognized that quantifying the carbon cycle-climate feedbacks on a global scale is
highly difficult since factors such as availability of nutrients, water, and pests add
additional uncertainty to the direction and magnitude of these feedbacks. Besides
burning of fossil fuels, human induced land degradation and urbanization is
responsible for significant amount of carbon emitted from landscapes to atmosphere.

Drivers of carbon loss from terrestrial ecosystems should be identified well to
mitigate the atmospheric CO2 increase. Extreme events such as heat waves should
be considered besides gradual mean changes in atmospheric components as well as
changes in seasonal distributions in climate factors in modeling ecosystem-climate
interactions. Factors affecting forest fires should be identified to avoid rapid loss of
carbon from fire-vulnerable forests. Changes in seasonality and long extreme
droughts can also have a harmful effect on ecosystems. The carbon emitted by fossil
fuel use, industry, and agriculture may be offset by improved carbon sequestration
by reforestation and afforestation, decreased use of fossil fuel burning, developing
green urbanization, and sustainable agricultural practices.

Climate and socio-economic changes can amplify each other’s effect and trigger
landscape degradation. There is plenty of evidence on local or regional disap-
pearance of forest ecosystems worldwide that associated to climate change com-
bined with rapid anthropogenic changes in land cover and land use. Overcome of
interacting thresholds in the ecological, socio-economic and cultural systems
together with climate change impacts that may lead to cascade effects with irre-
versible changes (regime shifts) should be avoided. The adaptive knowledge and
skills of historically developed social systems can be used to cope with the current
and future climate changes and to improve livelihood and increase the landscape
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resilience to global changes. Effective institutional frameworks are needed to
resolve conflicts between offsetting and supporting sectors of atmospheric carbon
buildup. These systems work well if strong social control is ensured over land use
from local to global scale.
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Chapter 4
EU Emissions Trading
Scheme Application in Bulgaria,
Greece and Romania from 2008 to 2012

Christina-Stavrula Hatzilau, Dionysios Giannakopoulos,
Sotirios Karellas and Emmanuel Kakaras

Abstract Emission trading in three European Union (EU) member states in the
Balkans during the second phase (2008–2012) of the EU emissions trading scheme
(EU ETS) is investigated in terms of allocation submission of emission credits
(assigned amount units (AAU), certified emission reductions (CER), emission
reduction units (ERU) and potential trading activities). Greece, Bulgaria and
Romania are analyzed as three individual cases under the scope of the EU Directive
2003/87/EC with the aim to identify the adequacy of emission allowances in
individual sectors and their resulting utilization. The aforementioned Balkan
countries produced over 750 Mt of verified emissions in the first commitment
period of 2008–2012, of which approximately 70 % correspond to combustion
installations. A deficit emerged for individual installations; although at the sector
level, deficits appeared only in the aviation sector for all countries. Greece also
experienced a deficit in the emissions trading scheme (ETS) combustion sector prior
to the use of CER or ERU under the clean development mechanism (CDM) and the
joint implementation (JI) mechanism. This study mainly focuses on the combustion
sector while attempting to identify differences in use of international emission
credits among the three Balkan countries and sectors therein.
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4.1 Introduction

This study examines the application of the European Union emissions trading
scheme (EU ETS) in Bulgaria, Greece and Romania in an effort to identify the
absolute as well as comparative patterns of trading emissions, which are then
compared on both country and overall basis. This study ultimately aims to
demonstrate the outcomes from the EU ETS implementation in these three Balkan
countries and highlight the main findings regarding market activities. All installa-
tions with allocated allowances and/or verified emissions between the years 2008
and 2012 were examined in terms of allocation and surrender of allowances con-
cerning not only assigned amount units (AAU) but also certified emission reduc-
tions (CER) and emission reduction units (ERU) as well as potential trading
activities. Installations falling under the scope of the EU Directive 2003/87/EC, for
which no allowances were issued during the 2008–2012 period and that declared no
verified emissions according to the EU transaction log (EUTL) were, characterized
as ‘inactive’ and therefore were not considered in the current analysis.

This study focuses on surpluses and deficits that appeared on country and sector
levels as well as deficits that appeared in absolute terms for specific installations. In
addition, the extent of ‘Market Activity’ has been investigated based on maximum
potential and final utilization of international credits (CER and ERU). ETS
installations were divided into 3 categories according to emissions over the 5-year
period, namely, (a) large-sized emitters with verified emissions totaling over 2.5 Mt,
(b) medium-sized emitters with total verified emissions between 0.25 and 2.5 Mt
and (c) small-sized emitters with emissions less than 0.25 Mt. Patterns of market
activity regarding the use of international credits have been mapped for each cat-
egory of the selected industrial sectors to highlight the prospects for the next
commitment period of 2013–2020.

4.2 ETS Sectors’ Allowances and Emissions During
Phase II (2008–2012)

The total greenhouse gas (GHG) emissions in Bulgaria, Greece and Romania,
which account for approximately 6.6 % of EU28 emissions, totaled 62.4, 115.2 and
120.6 Mt, respectively, in 2012. The respective GHG per capita ratios were 8.5,
10.2 and 5.6 t CO2eq/capita in 2012, whereas their respective GHG per GDP ratios
were 2.3, 0.7 and 1.3 kgCO2eq/EUR (EEA 2013).

According to the EU Directive 2003/87/EC and in light of the Kyoto Protocol’s
target, National Allocation Plans (NAP) had to be designed at the member-state
(MS) level for the period 2008–2012. Initially, Bulgaria, Greece and Romania
proposed annual allocations of 67.6, 75.5 and 95.7 million allowances, respectively
(EC 2012). After considering GDP increases as well as carbon-intensity reduction
measures, the European commission (EC) set the final maximum annual allowance
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allocations as 42.4, 69.1 and 76.0 million, respectively (European Commission
2006, 2007, 2008).

The final total allowance allocations based on data from the EUTL were 39.8,
64.7 and 73.1 million, respectively, resulting in total allowances of 888 million for
the period 2008–2012.

4.3 Country Surpluses and Installation Deficits

Considering the allocated and verified emissions, all three countries presented a
surplus during the specified time period. The total verified emissions in the three
countries were only 755 million tons CO2eq. Bulgaria had a surplus of over 18million
tons CO2eq, corresponding to 9 % over-allocation during the period, Greece had a
surplus of almost 10 million tons CO2eq, a 3 % of over-allocation, and Romania had a
surplus of more than 100 million tons CO2eq, i.e. a 29 % over-allocation. These
surpluses correspond to a minimumMS level prior to the use of international credits.
Bulgaria and Romania did not experience a deficit in any of the studied years, but
Greece had deficits in 2008 and 2009, although the latter wasmarginal. However since
the intra period-borrowing was valid according to the Greek NAP, the individual year
deficit did not necessarily have an actual impact on ETS operators. Considering the
performance of each sector’s installations, an overall sectional minimum surplus is
calculated assuming that all CERs and ERUs surrendered were gained by swapping
the same amount of allocated European Emission Allowances (EUAs). Using the
assumption that all CERs and ERUs surrendered have been acquired from the market
without EUA swapping, themaximum surplus is defined in Table 4.1. Each country’s
surplus changed substantially after considering the use of international credits. Since

Surrendered Units = X + Y + Z
where X = the amount of AAU surrendered; Y = the amount of CER surren-

dered and Z = the amount of ERU surrendered.
Depending on the option for acquiring surrendered CERs and ERUs, i.e. whether

all CERs and ERUs have been acquired through swapping or whether all CERs and
ERUs have been acquired on the Market, the minimum and maximum surplus’ are
derived.

Table 4.1 Minimum and
maximum surplus prior and
after the use of international
credits (millions emission
allowances)

Bulgaria Greece Romania

Minimum surplus 18.3 9.9 104.4

CER & ERU used 23.3 28.0 33.7

CER & ERU max use 24.8 29.1 36.6

Maximum Surplus 41.6 37.9 138.1

Source The authors
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Prior to the use of CERs and ERUs on the sector level, approximate deficits of
49, 73 and 131 kt existed for Bulgaria, Greece and Romania, respectively, in the
airlines sector, while Greece had a 20.6 million emission allowances deficit in the
combustion sector. Surpluses were observed in all other sectors. On the installation
level, however, 102 out of 560 active installations in Bulgaria, Greece and Romania
appeared to have an ‘initial’ deficit prior to the use of international credits, as
illustrated in Table 4.2.

Depending on the option of acquiring surrendered CERs and ERUs, the mini-
mum and maximum surplus per sector on an installation level is derived as pre-
sented in Table 4.3.

Table 4.2 Installations with a deficit by sector

Bulgaria Greece Romania

Installations No
with deficit
out of total No
of installations
in a sector

[Comb.: 9 of 29]
[Refineries: 1 of 4]
[Glass: 2 of 6]
[Tile: 3 of 26]
[Airlines: 3 of 4]
[Opt-in: 8 of 72]

[Comb.: 22 of 50]
[Refineries: 1 of 4]
[Paper: 3 of 16]
[Airlines: 7 of 9]

[Comb.: 29 of 143]
[Ferrous: 4 of 25]
[Lime: 1 of 7]
[Tile: 1 of 32]
[Airlines: 6 of 6]
[Other: 2 of 6]

Deficit [kt]
during
2008–2012

[Comb.: 2079.1]
[Refineries: 0.6]
[Glass: 3.6]
[Tile: 6.6]
[Airlines: 65.9]
[Opt-in: 8756.8]

[Comb.: 31704.7]
[Refineries: 310.0]
[Paper: 43.4]
[Airlines: 167.6]

[Comb.: 15940.7]
[Ferrous: 112.8]
[Lime: 2.7]
[Tile: 2.7]
[Airlines: 130.9]
[Other: 710.2]

Source The authors

Table 4.3 Market potential based on max/min surplus per sector [Mt]

Market potential Bulgaria Greece Romania

Combustion 3.94–12.18 [−20.57]–0.17 71.22–97.72

Refineries 0.07–0.08 0.71–2.55 6.96–7.87

Coke Ovens 0.01 na na

Ferrous & Sintering na 2.48–3.01 3.48–3.95

Cement & Lime 6.74–8.32 23.50–28.01 23.19–28.03

Glass 1.60–2.34 0.06–0.09 0.53–0.57

Tile & Ceramics 0.63–0.78 3.34–3.54 1.33–1.53

Paper & Pulp 0.58–0.67 0.19–0.23 1.74–1.85

Other na na 0.99–1.47

Opt in 6.05–18.56 na 0.16–0.19

Air [−0.05]–[−0.01] [−0.07]–0.04 [−0.13]–[−0.05]

Source The authors
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4.4 Use of International Credits

International credits derived from projects based on clean development mechanism
(CDM) and joint implementation (JI) mechanism had a mean lower price than that
of EUAs in the period 2008–2012. Specifically, as the EUA price ranged from
almost 30 Euro per ton at the beginning of the period to less than 5 Euro per ton at
its end, the respective price range for CERs was approximately 15 Euro to less than
0.5 Euro over the same period, resulting in a lower average price for CERs. In
addition, the ERU had a mean lower price than the CER, meaning that ETS
operators found it more profitable to surrender CERs and ERUs instead of EUAs.
The allowed use of international credits varied across the three examined countries.
According to the National Allocation Plans and respective EC Decisions, during the
second trading period, the maximum shares of ERU and CER that could be used to
fulfil the operators’ obligations were limited as follows:

• 12.507 % of allocated allowances for Bulgaria;
• 9 % of allocated allowances for Greece and
• 10 % of allocated allowances for Romania.

In absolute terms, more than 90 million international credits could potentially be
used by the three countries for submission instead of EUAs, of which over 5.5
million remained unexploited (Table 4.2). Close to half of all international credits
were surrendered in compliance with the final year of the investigated time period.

In absolute terms, Greece exploited its potential more efficiently, leaving only
4 % of its international credits’ potential surrender unexploited, followed by
Bulgaria at 6 % and Romania at 8 %. This can be mainly attributed to the fact that
Greece had the lowest surplus, followed by Bulgaria then Romania.

CER and ERU exploitation by each EU ETS sector (except the airline sector) is
depicted in Figs. 4.1, 4.2, and 4.3. The more a sector’s verified/allocated emissions

Fig. 4.1 Sector level ‘Market Activity’ in Bulgaria. Source The authors
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ratio exceeds a value of 1, the more action it needed to take to achieve compliance.
In cases of a lower ratio, the sector’s market orientation is revealed.

In Bulgaria, where the maximum potential for CER and ERU surrender was
12,507 % of the allocated allowances, sectors that exploited their potential to a
significant extent i.e. in the range of 91–96 %) were the cement and lime sector, the
glass industry, the combustion sector, and the opt-in sector.

In Greece, where the maximum potential for CER and ERU surrender was 9.0 %
of the allocated allowances, the combustion sector, the glass industry and the
refineries sector exploited almost all of their full potential.

In Romania, where the maximum potential for CER and ERU surrender was
10.0 % of the allocated allowances, the most active sector was ‘opt-in’ installations,
followed by the combustion, cement and lime and the ‘Others’ sectors, which were
92–94 % active.

Fig. 4.2 Sector level “Market Activity” in Greece. Source The authors

Fig. 4.3 Sector level ‘Market Activity’ in Romania. Source The authors
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The distribution of CER and ERU international credits varied across countries
and sectors, as illustrated in Figs. 4.4, 4.5, and 4.6 at the country level, Bulgaria,
Greece, and Romania surrendered more ERUs than CERs (EC 2012, 2013). Few
sectors used only ERU credits, as illustrated in Figs. 4.7, 4.8, and 4.9.

Fig. 4.4 Use of international credits per sector by Bulgaria. Source The authors

Fig. 4.5 Use of international credits per sector by Greece. Source The authors
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Fig. 4.6 Use of international credits per sector by Romania. Source The authors

Fig. 4.7 Relative use of CER and ERU per sector by Bulgaria. Source The authors
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Fig. 4.8 Relative uses of CER and ERU per sector by Greece. Source The authors

Fig. 4.9 Relative uses of CER and ERU per sector by Romania. Source The authors
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4.5 ‘Market Activity’ at the Installation Level

Bulgaria is home to 13 large-sized emitters comprising 83 % of the country’s
verified ETS emissions. Out of these, five were combustion installations, six were
opt-in installations, one was a cement plant and one was a glass production plant,
covering 86, 87, 55, and 56 % of each sector’s verified ETS emissions, respectively
(Fig. 4.10).

A 9.7 Mt deficit appeared for the large-sized emitters in three combustion
installations and one installation from the opt-in sector, producing verified emis-
sions totaling 42.6 % of the country’s verified ETS emissions. However, their
deficit was 5.4 % compared with the country’s total verified emissions. The two
combustion installations having a deficit appeared inactive and surrendered 40 and
67 % of their maximum international credits’ surrender potential. The one opt-in
and one remaining combustion installation with deficits were active to a very high
extent, i.e. 99 %.

The nine large-sized emitters having a surplus were mostly active. Their total
verified emissions represented 40.4 % of the country’s ETS emissions. However,
their surplus was 12.3 % of the country’s total verified emissions. In particular, only
one opt-in emitter with a surplus surrendered about 50 % of its allowed maximum
international credits’ surrender potential. The cement operator was very active
(96 % exploitation) and the large glass plant exploited its potential to the full extent.
The two additional combustion installations and the four additional opt-in instal-
lations surrendered at least 99 % of their maximum international credit surrender
potential.

Fig. 4.10 International credits use at the installation level in Bulgaria. Source The authors
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Furthermore, Bulgaria has 29 medium-sized emitters comprising 14 % of the
country’s verified ETS emissions. Six combustion installations, 17 opt-in installa-
tions, three cement plants and three glass production plants, respectively, cover 13,
12, 45, and 37 % of each sector’s verified ETS emissions. A 1.1 Mt deficit for
medium-sized emitters appeared for two combustion and three opt-in installations,
whose total verified emissions represented 1.8 % of the country’s ETS emissions.
However, their deficit was 0.6 % of the country’s total verified emissions. Out of
these five installations with a deficit, all—apart from one combustion installation
that had no allowances but only verified emissions—exploited their maximum
potential. The 24 medium-sized emitters with a surplus were also mostly active.
Their total verified emissions amounted to 12 % of the country’s ETS emissions.
The four combustion installations, nine out of 14 opt-in installations, two of the
three cement plants and two out of three glass production plants exploited their
potential to at least a 99 % of their maximum international credits’ surrender
potential. Only two opt-in plants, one cement plant and one glass plant did not
surrender any international credits. Three opt-in installations with a surplus sur-
rendered 26, 60, and 90 % of their potential.

Small-sized Bulgarian installations comprise 3 % of the country’s total verified
emissions. A deficit of approximately 0.1 Mt appeared at small-sized installations,
representing 1 % of the country’s ETS verified emissions. Bulgaria’s sum of
absolute deficits at the installation level is illustrated in Table 4.2.

Ten small ETS operators in Bulgaria surrendered an amount of more than 25 %
of CERs and ERUs compared to their verified emissions. These were six tile
operators, two paper production companies, one refinery and one combustion
installation. The maximum deficit was observed at a large opt-in installation and
totaled 8.6 million allowances i.e. 19 % of its allocated allowances. This ETS
operator surrendered its maximum number of allowed international credits. The
minimum deficit appeared in a small combustion plant, which surrendered only
33 % of its maximum international credit surrender potential. Its deficit was 402
allowances, i.e. 12 % of its allocated allowances.

Among Bulgaria’s large and medium ETS installations with deficits, only two
large combustion emitters were not active. In every emitter category, 2–3 ETS
operators surrendered international credits in the range of 17–90 % of their maxi-
mum potential. Large and medium ETS operators that had a surplus were mostly
active, but some small plants did not surrender any international credits.

Greece is home to 21 large-sized emitters covering 90 % of the country’s ver-
ified ETS emissions during the investigated period. Of these, 13 combustion
installations, five cement plants and two refineries cover 93, 86, and 87 %,
respectively, of each sector’s ETS verified emissions, and 1 sintering plant covers
all sectors’ ETS emissions. Large-sized emitters in Greece had a 31 Mt deficit,
distributed among 11 combustion installations and one refinery. The verified
emissions of the large-sized emitters represented 72 % of the country’s ETS
emissions. However, their deficit was only 10 % compared with the country’s total
verified emissions. These 12 installations all exploited their maximum potential for
the surrender of international credits (Fig. 4.11).

4 EU Emissions Trading Scheme Application in Bulgaria … 55



Out of the 21 large-sized emitters, nine had a surplus during the period. Their total
verified emissions represented 17 % of the country’s ETS emissions. However, their
surplus was 5.8 % compared with the country’s total verified emissions. The two
combustion installations, four cement plants, one sintering plant and one refinery
surrendered at least 99 % of their maximum potential. Only a single cement operator
surrendered 98 % of its potential. Greece is also home to 29 medium-sized emitters
under the scope of the EU ETS, covering 8 % of the country’s verified emissions.
These involved 19 combustion installations, two refineries, three ferrous plants,
three cement production plants and one lime plant covering 7, 13, 76, 14, 16, and
77 % of the respective sector’s ETS emissions. A 1 Mt deficit appeared for
medium-sized emitters in seven combustion installations and one airline, whose total
verified emissions represent 2 % of the country’s ETS emissions. However, their
deficit was 0.3 % of the country’s total verified emissions. These eight installations
each surrendered at least 99 % of their maximum international credits potential. The
total verified emissions of the 21 medium-sized emitters with a surplus, comprised
6 % of Greece’s total ETS emissions. Of those ETS operating plants, 11 combustion
installations, two refineries, two ferrous plants and one lime plant fully utilized their
potential. The additional ferrous plant surrendered 98 % of its potential, three
cement factories surrendered 21, 76, and 99 % of their respective potential, while
one combustion installation was very inactive and surrendered around 7 % of its
international credits potential in 2012. A deficit of approximately 0.2 Mt existed for
installations representing 0.003 % of the country’s ETS verified emissions.
Table 4.2 illustrates the sum of absolute deficits at the installation level in Greece.
The largest proportion of CERs and ERUs compared to verified emissions, a greater

Fig. 4.11 International credit uses at the installation level in Greece. Source The authors
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than 25 % proportion when compared to their verified emissions, was surrendered
by four small lime and two small tile ETS operators. The maximum deficit in Greece
was observed at a large combustion installation and totaled 12.7 million allowances,
for example, 23 % of its allocated allowances. This plant surrendered the maximum
allowed amount of international credits. The minimum deficit, i.e. 180 emission
allowances, appeared in a small airliner that did not surrender any international
credits.

Concerning Greek ETS installations with a deficit, all emitters utilized at least
99 % of their potential surrender of international credits. In the medium- and
small-sized emitters’ category, some ETS operators surrendered 7–87 % of their
international credits potential. Large and medium ETS operators with surplus were
mostly active, whereas very few small installations with a very low potential did not
surrender any international credits.

In Romania, 27 large-sized emitters represented 81 % of the country’s verified
ETS emissions during the investigated period. These comprised 17 combustion
installations, two refineries, seven cement plants and one ammonia production
plant, covering 80, 97, 99.5, and 62 % of each respective sector’s verified ETS
emissions (Fig. 4.12).

A 13 Mt deficit appeared for large-sized emitters in Romania, comprising six
combustion installations corresponding to 37 % of the country’s verified ETS
emissions. However, their deficit was only 5 % of the country’s total verified
emissions. These installations all exploited their maximum potential for interna-
tional credits’ surrender. Out of the 27 large-sized emitters, 21 presented a surplus
during the examined period. Their total verified emissions represented 44 % of the
country’s ETS emissions. However, their surplus was 33 % of the country’s total
verified emissions. Of these 21 installations, nine combustion, four cement plants,

Fig. 4.12 International credit uses at the installation level in Romania. Source The authors

4 EU Emissions Trading Scheme Application in Bulgaria … 57



two refineries and one ammonia plant surrendered at least 99 % of their potential
allowances. The cement plants surrendered 82, 82, and 96 % of their potential,
while the two combustion installations surrendered 44 and 66 % of their potential.
In Romania, 45 medium-sized emitters according to the scope of the EU ETS
represented 13 % of the country’s verified emissions. These comprised 28 com-
bustion installations, four ferrous plants, two glass production plants, three plants
from the ‘other’ sector and one airline, comprising 10, 50, 88, 35, and 50 %,
respectively, of each sector’s verified ETS emissions. This included all 7 lime
plants as well. A 2.7 Mt deficit was found for the medium-sized emitters, in five
combustion installations, two ferrous plants, one ammonia plant, one lime and one
airline; the verified emissions of these emitters amounts to 2.5 % of the country’s
ETS emissions. However, their deficit was 0.5 % compared to the country’s total
verified emissions. Of these 10 deficit-containing plants, four combustion plants,
two ferrous production plants, one lime industry and the single airline, all surren-
dered at least 99 % of their potential allocation of international credits (EC 2014a).
The ammonia plant surrendered 88 % of its potential and the one combustion plant
that had no allowances allocated during the period did not surrender any interna-
tional credits.

The total verified emissions of the 36 medium-sized emitters with a surplus
comprised 11 % of Romania’s ETS emissions. Of those plants, 15 combustion
plants, four lime industries, the two ferrous production industries, the aluminum
production plant, one chemical plant, one glass production plant and the airline
surrendered at least 99 % of their international credits surrender potential. One glass
company and two combustion plants stayed totally inactive, two lime plants sur-
rendered 64 and 89 % of their potential and seven combustion plants surrendered
55–90 % of their potential, whereas one combustion company with no allocated
allowances surrendered no international credits. A deficit of approximately 1.2 Mt
appeared at installations representing 1.8 % of the country’s verified ETS emis-
sions. The sum of absolute deficits at the installation level in Romania is illustrated
in Table 4.2.

The largest proportion of CERs and ERUs in Romania when compared to
verified emissions, at a greater than 25 % proportion was surrendered by one large
cement industry, two medium-sized combustion plants, 19 small combustion
installations, two small refineries, one small sintering plant, three small ferrous
plants, four small tile industries and two small paper industries. Romania’s maxi-
mum deficit was observed at a large combustion installation, totaling 4.8 million
allowances, i.e. 17 % of its allocation. This plant surrendered its maximum allowed
amount of international credits. The minimum deficit, i.e. five allowances, appeared
in a small airliner that did not surrender any international credits.

Romania’s large and medium ETS installations where a deficit appeared were
mostly active to their maximum potential. Overall, approximately 10 ETS operators
surrendered international credits in the 55–88 % range; however, only one of them
had a deficit. Large and medium ETS operators with surplus were mostly active.
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4.6 Conclusions

Examining the experience gained from the application of the EU ETS in the three
Balkan countries in the EU ETS phase II leads to the conclusion that ETS operators
became active at some point during this trading period, mostly towards its end. The
reasons behind ETS operators large utilization of the potential to surrender inter-
national CER and ERU credits instead of EU emission allowances (EUAs) appears,
on the one hand, due to the deficit of the allowances and the applicable fine of 100
per ton of CO2 emissions in case there were no emission allowances to be sur-
rendered in due time. On the other hand, the high extent of utilization reflects the
opportunity to gain monetary profit due to the price spread between EUA versus the
CER and the ERU. Large-sized emitters in Bulgaria, Greece and Romania,
respectively, comprised 83, 90, and 81 % of their country’s total verified ETS
emissions. The absolute deficit found among large-sized emitters, covering 20
combustion installations, one refinery and one opt-in plant, amounted to 54 million
emission allowances overall. Only two combustion plants were not particularly
active and surrendered less than 70 % of their maximum potential. Medium-sized
emitters, respectively, covered 14, 8, and 13 % of the total ETS verified emissions
in each individual MS. The absolute deficit found among medium-sized emitters
amounted to almost 5 million emission allowances overall and relates to 14 com-
bustion installations, two ferrous plants, two airlines, three opt-ins, one lime plant
and one ammonia production plant. Small-sized emitters in Bulgaria, Greece and
Romania, respectively, covered 1, 2 % and 2 % of total ETS verified emissions and
had an overall deficit of 1.5 million emission allowances (EC 2014b).

Overall, it can be concluded that in the examined countries, several EU ETS
operators that had no deficit have been very active. In addition, some EU ETS
operators that had a surplus remained inactive. However, few ETS operators had a
deficit that remained inactive. These trends related to the ETS operators’ size, with
larger emitters were more active than smaller emitters. It is estimated that the low
amount of unexploited international credits, i.e. 5.5 million overall, was due to
exemptions relating to very small operators, probable unexpected occurrences (e.g.
closure of installations) or other issues involving common management of credits
among ETS operators (the so-called ‘pooling’ option).

On the installation level, large-sized emitters, i.e. plants with a total amount of
verified emissions of over 2.5 Mt during the 2008–2012 period, produced 83 % of
the total verified ETS emissions in Bulgaria (13 large-sized emitters, of which, five
combustion installations alone covered 86 % of the sector’s verified ETS emis-
sions), 90 % of the verified ETS emissions in Greece (21 large-sized emitters, of
which 13 combustion installations produced 93 % of the sector’s ETS verified
emissions) and 81 % of the verified ETS emissions in Romania (27-sized large
emitters, of which 17 combustion installations produced 80 % of the sector’s ETS
verified emissions).

In the three countries examined in this study, the combustion sector as a whole
exhibited a deficit in Greece but a surplus in both Bulgaria and Romania—prior to
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the use of international credits. Both Bulgaria’s and Romania’s combustion sectors
have exploited their potential for CER and ERU surrender to a significant extent
(more than 90 %). However, in Greece, this sector exploited most of its total
potential (close to 100 %). Greece and Romania utilized almost as much ERUs as
CERs while Bulgaria’s combustion sector utilized more CERs than ERUs.
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Chapter 5
Indigenous Egyptian Nubians and Climate
Change Mitigation

Essam Hassan Mohamed Ahmed

Abstract Egypt and Sudan are the most populous countries in Africa and the
Middle East. The Nile is considered as a very important artery that joins Sudan and
Egypt and was an important part of ancient Egyptian spiritual life. Nubian peoples
are an ethnic group and considered as one of the most ancient peoples in the world,
their civilization started more than 8,000 years ago. Lake Nasser is the second
largest man-made lake in the world; among the impacts that were anticipated were
the resettlement of the Nubian population in the area inundated by the reservoir,
saving of historic monuments, health impacts and coastal erosion. The climate
models all estimate a steady increase in temperatures for Egypt, with little inter-
meddle variance. Somewhat more warming is estimated for summer than for winter.
However, since Egypt is mainly a desert and relies primarily on irrigated agricul-
ture, precipitation over the country itself matters very little. Much more important
are precipitation changes at the water sources of the Nile, which affect the vul-
nerability of the water resources. The potential impacts of climate change on coastal
resources are ranked as most serious and climate change induced sea level rise
reinforces this trend. In addition to this high biophysical exposure to the risk of sea
level rise, Egypt’s social sensitivity to sea level rise is particularly high. In general,
although the models on average show an increase in precipitation, inter-model
variation is so high that it is uncertain as to predict whether annual average pre-
cipitation will increase or decrease.
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5.1 Introduction

Egypt is one of the most populous countries in Africa and the Middle East with the
majority of the estimated 89.5 million people (Oct. 2015), living in about 40,000
km2 (15,000 mile2) near the banks of the Nile River, the only arable land available
in the country (World Bank 2013). Large areas of the Sahara Desert, however, are
sparsely inhabited. About half of Egypt’s residents live in urban areas, mostly
spread across the densely populated centres of greater Cairo, Alexandria and other
major cities on the Nile delta (Yael 2007).

Sudan, a country in North Africa and politically in the Middle East, is bordered
by Egypt to the north, the Red Sea to the northeast, Eritrea and Ethiopia to the east,
South Sudan to the south, the Central African Republic to the southwest, Chad to
the west and Libya to the northwest (Yael 2007). Most of Sudan’s population,
estimated at 38.5 million people (July 2015), follows Islam and is a combination of
indigenous Saharan Africans and descendants of Arabian Peninsula migrants. The
Nile divides the country into the east and the west (WB 2008). The Nile River is the
major north-flowing river in North Africa and is generally regarded as the longest
river in the world (6,650 km). It was an important part of ancient Egyptian spiritual
life and has been a very important artery between Sudan and Egypt. The Nile runs
through ten countries, namely of Burundi, Rwanda, Democratic Republic of the
Congo, Tanzania, Kenya, Ethiopia, Uganda and South Sudan, before finally
flowing through Sudan and Egypt to the sea. The Greek historian Herodotus wrote
that ‘Egypt was the gift of the Nile’. An unending source of sustenance, the Nile
was crucial to the development of the Egyptian civilization. As the river annually
overflows, the remaining silt deposits have made the surrounding land fertile since
thousands of years.

5.2 Indigenous Nubians in Egypt

Nubians, an ethnic group who lived and continue to live in north Sudan and
southern Egypt are considered one of the most ancient peoples in the world, with
evidence that their civilization started more than 8,000 years ago. They have their
own culture, and it is believed that the Egyptian civilization arose from the Nubian
lands (Macchi et al. 2008).

Nubians used to live around the stretch of the Nile about 350 km upstream of the
Old Aswan Dam in the reservoir area, though they led a very hard life in small
communities. The construction of the Old Aswan Dam and its subsequent height
twice led them to change their location or migrate to cities in Lower Egypt.

Furthermore, the influx of Arabs to Egypt and Sudan contributed to the sup-
pression of the Nubian identity following the collapse of the last Nubian kingdom in
1900. However, after 30 years, the social impact of the Nubian immigrants was
considered more positively by the indigenous population. The unique characteristics
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of the Nubians are their culture (dress, dances, traditions and music) and their
indigenous language (UNESCO 2009).

5.3 Environmental Setting

Lake Nasser is the second largest man-made lake in the world; it was created by the
construction of the Aswan High Dam. After the construction of the Dam, a little less
than a million metric tons of water was available in the new lake. The lake was
named after the deceased President Nasser, who was the president of Egypt (1954–
1970) during the High Dam construction period, when the Nubians had to leave
their motherland in south Egypt because of the altered geography caused by this
development. Since then, the Nubians have searched their roots in their ancestral
mother lands.

Lake Nasser lies behind the Aswan High Dam; it is 480 km long and covers an
area of 5,250 km2 (Fig. 5.1). The dam and the consequent development of Lake
Nasser displaced more than 100,000 people, resulting in significant environmental
and societal impacts, many of which had not been anticipated. These impacts have
been mitigated to varying degrees since then.

Among the anticipated impacts were the resettlement of the Nubian population
from the areas inundated by the building of the reservoir, the saving of historic
monuments, the loss in soil fertility, health impacts and coastal erosion. However,
other impacts such as the water logging and salinization of the soil came to light
only gradually where highly expensive mitigation efforts were only instigated after

Fig. 5.1 Lake Nasser in
Egypt. Source Türk (2011)
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long delays. However, other anticipated impacts such as reservoir evaporation and
increasing sedimentation could not be mitigated. On the other hand, anticipated
impacts such as seepage from the reservoir did not materialize and others such as
river-bed erosion were less severe than expected (Türk 2011).

The climate of the Nubian lands at South Egypt is continental with marked
variations between summer and winter temperatures and daytime and night time
temperatures. July and August are the hottest months with average temperatures
between 24 and 39.7 °C. In the coolest months of December and January, tem-
peratures fall to between 10 and 21.7 °C. The average humidity varies from 13 % in
the summer to 34 % in the winter. The rainfall is rare, although rain in the eastern
desert occasionally causes flash flooding in the valleys on the eastern banks of Lake
Nasser and the Nile River.

5.4 Nubian Resettlement

The motherland of the Egyptian Nubians was the south of Egypt since a long time.
The establishments of the Aswan High Dam caused the distribution of the Nubians
to the north and re-locate them at various and different Governorates after leaving
their homes and cultivated lands. Egyptian Nubians lived in a starkly beautiful
environment where on both sides of their lands were desert sands interspersed with
rocky hills and extending down to the water’s edge.

There were 553 sparsely populated communities in this area, which belonged to
three distinct ethnic groups, two of which spoke Nubian dialects. After the con-
struction of the reservoir, all date palms were destroyed, and most of the year, all
cultivated land was left inundated. Cultivation was restricted to only a few months
each year when the reservoir water was drawn down.

Nubians were consequently resettled southwards between Egypt and the Sudan
with the majority of those who had lived in Egypt being resettled 3–10 km from the
Nile near Kom-Ombo, 45 km downstream from Aswan. Population planners
wished to establish a New Nubba in a crescent 60 km long and on average 3 km
wide; hence, 47 village unit housings and facilities were built which approximated
those in Old Nubba (Zaghloul et al. 2011).

To support the population, reclamation began on 21,000 feddans (equivalent to
8,820 ha or 21,798 acres) and out of this 18,000 feddans were eventually reclaimed.
This land was to be irrigated by three main canals into which water was to be
pumped from the Nile. Sixty percent of the land was dedicated to sugar cane, the
harvest of which was expected to double the capacity at the nearby sugar refinery.

Unlike the situation in Egypt, 50,000–70,000 Sudanese Nubians were moved
approximately 700 km south to an area near the town of Khashm el-Gibran, several
hundred kilometers up the Atbara River from its junction with the Nile. There, the
resettled had to adapt to a climate which has a regular rainy season as opposed to
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their previous desert habitat, in which virtually no rain fell. They also had to deal
with new diseases such as endemic malaria and a host population that included no
Nubians. Similar to the action taken for the Egyptian Nubians, the government
developed an even larger irrigation project, called the New Half Agricultural
Development Scheme, which would draw water from a dam built on the Atbara
River.

5.5 Climate Change Impacts on Upper Egypt

All climate models estimate a steady increase in temperature in Egypt, with little
variance, and more warming estimated in summer than in winter. The changes in
precipitation are not expected to be statistically significant for June, July and
August or in terms of annual totals. However, for December, January and February,
significant declines in precipitation are projected.

Since most of Egypt is mainly a desert and relies primarily on irrigated agri-
culture, precipitation over the country itself matters very little. However, the pre-
cipitation changes at the Nile’s water sources are more important, enhancing
vulnerability.

In general, although the models on average show an increase in precipitation,
inter-model variation is so high that it is uncertain as to whether the annual average
precipitation will increase or decrease. The models estimate an increased precipi-
tation in the winter months and a slightly decreased precipitation in the summer
months, but there is little confidence in these seasonal projections.

In a study on the effect of climate change on Egypt, scenarios were examined for
changes of 0, +2 and +4 °C and for changes in rainfall of ±10 and ±20 %. The
potential impact of climate change on coastal resources was found to be the most
serious due to an induced sea level rise, which would bring high biophysical
exposure and have a significant effect on local communities. Further, a substantial
decrease in the flow of the Nile could have a very serious impact on Egypt’s
well-being as the Nile provides almost all of the water in the country for drinking,
irrigation and hydroelectric generation (Agrawala et al. 2004).

While there are substantial uncertainties about how climate change might affect
the Nile flow itself through changes in rainfall, there is much more certainty about
how temperature increases will increase evaporative losses, during simultaneously
increasing irrigation and other water demands.

The impact of climate change on the availability of water from the Nile for
agriculture, which employs over 30 % of the labor force, is estimated to be dra-
matic. The key impact on agriculture would, however, be indirect and would be
mediated by the loss or salinization of prime agricultural land in the coastal zone
and/or reduced irrigation supplies from the Nile.
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5.6 Climate Change and Indigenous People

Regional and global assessments confirm that the Earth’s climate is changing.
Current and projected levels of exposure to climate-related sensitivities, as well as
limits and restrictions to adaptive capacity mean that some environments and
societies are more exposed to climate change and are significantly more vulnerable
to the long-term consequences than others.

Indigenous people depend on natural resources for their livelihood and they
often inhabit diverse but fragile ecosystems. At the same time, indigenous people
are among the World’s most marginalized, impoverished and vulnerable. Hence,
while indigenous peoples bear the brunt of the catastrophe of climate change, they
have minimal access to resources to cope with such changes.

For indigenous people around the world, climate change brings different types of
risks and opportunities, threatens cultural survival and undermines indigenous
human rights. The consequences of ecosystem changes have implications for the
use, protection and management of wildlife, fisheries and forests, affecting the
customary uses of culturally and economically important species and resources
(Nilsson 2008).

Despite the impact of climate change on indigenous people and their traditional
knowledge, international experts most often overlook the rights of indigenous
people as well as the potentially invaluable contributions the traditional knowledge,
innovation and practices can bring to the global search for climate change solutions.

As the global discourse on climate change focuses on understanding how we can
scientifically and technologically adapt to, as well as mitigate climate change,
indigenous people are faced with the prospect of climate change, further chal-
lenging their abilities to adapt to and cope with environmental and social changes.
Increasingly, international and national climate change mitigation strategies pose an
additional threat to indigenous territories and coping strategies.

The most significant considerations for the climate change impacts from the
settlements point of view are the adaptation and social impacts. These two factors
are highly important for the indigenous people, for Nubians in particular. A number
of international, national and regional institutions have initiated the awareness on
the impacts of climate change concerning the indigenous people. This is attempted
by enhancing the capacities of the indigenous societies in communication and
participation through providing support and encouragement to their activities.
Despite these positive attempts, the amendments concerning the indigenous soci-
eties are still not sufficiently incorporated to the future development strategies of the
global agencies, namely to the climate change programs of the UNFCCC, IPCC
(IPCC 2007) and UNCCD.
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5.7 Forests and Indigenous Peoples

Degradation and deforestation of the world’s tropical forests are cumulatively
responsible for about 10 % of the net global carbon emissions. Therefore, tackling
the destruction of tropical forests is core to any concerted effort to combat climate
change. Traditional approaches to halting tropical forest loss have unfortunately
been unsuccessful, as can be seen from the fact that deforestation and forest
degradation continue unabated.

Reducing Emissions from Deforestation and Forest Degradation (REDD)
incentivizes a break from historic trends of increasing deforestation rates and
greenhouse gases emissions (UN-REDD 2012). It is a framework through which
developing countries are rewarded financially for any emissions reductions
achieved associated with a decrease in the conversion of forests to alternate land
uses. Having identified current and/or projected rates of deforestation and forest
degradation, a country taking remedial action to effectively reduce those rates will
be financially rewarded relative to the extent of their achieved emissions reductions
(Sam 2010).

REDD (2009) provides a unique opportunity to achieve large-scale emissions
reductions at comparatively low abatement costs. By economically valuing the role
forest ecosystems play in carbon capture and storage, it allows intact forests to
compete with historically more lucrative, alternate land uses resulting in their
destruction.

In its infancy, REDD (2009) was first and foremost focused on reducing
emissions from deforestation and forest degradation. However, in 2007 the Bali
Action Plan, formulated at the thirteenth session of the Conference of the Parties
(COP-13) to the United Nations Framework Convention on Climate Change
(UNFCCC), stated that a comprehensive approach to mitigating climate change
should include policy approaches and positive incentives on issues related to
reducing emissions from deforestation and forest degradation in developing
countries. This initiative was also concerned with the role of conservation and,
sustainable management of the forests and the enhancement of forest carbon stocks
in the developing countries (IUCN 2009).

A year later, this was further elaborated on as the role of conservation, sus-
tainable management of forests and enhancement of forest carbon stocks that was
upgraded so as to include the same emphasis as avoided emissions from defor-
estation and forest degradation.

Finally, in 2010, at COP-16, as set out in the Cancun Agreements, REDD
became REDD-plus (REDD+), to reflect the new components. REDD+ now
includes:

(a) Reducing emissions from deforestation;
(b) Reducing emissions from forest degradation;
(c) Conservation of forest carbon stocks;
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(d) Sustainable management of forests;
(e) Enhancement of forest carbon stocks.

Within its remit, REDD+ has the potential to simultaneously contribute to cli-
mate change mitigation and poverty alleviation, whilst also conserving biodiversity
and sustaining vital ecosystem services (IUCN 2010).

This potential for multiple benefits raises the crucial question of to what extent
the inclusion of development and conservation objectives may help or hinder the
overall success of, and negotiations for, a future REDD+ framework (explicitly for
climate change mitigation). Having said this, prospective co-benefits can easily
transform into prospective co-detriments, making the earlier question arguably
irrelevant. Aside from whether consideration of such factors will promote or
hamper the success and negotiations of a REDD+ framework, they are unques-
tionably important for the creation of a sustainable and equitable REDD+ process.

The details of a REDD+ mechanism continue to be debated under the UNFCCC,
and the considerable financial needs for full-scale implementation have not yet been
met. A final mechanism is therefore not yet in place and operating at scale. At this
extent, the UNFCC should bear in mind that the indigenous societies’ contribution
to carbon emissions remains among the lowest in the world. Within the defor-
estation context, this was mentioned directly through an acknowledgement and call
to action within the REDD+ program, which has applied a rights-based approach
and updated its mission to align more closely with the objectives of the UN
Declaration on the Rights of the Indigenous Peoples.

An afforestation/reforestation carbon sequestration model has been developed to
show the potential of community schools as instruments of environment conser-
vation through their promotion of indigenous knowledge systems. The model
reflects the strength of community schools and children as important components of
forest carbon projects and how their involvement as active participant in such
projects, could ensure effective implementation of afforestation/reforestation pro-
jects and reducing leakage of carbon emission in REDD+ (IUCN 2010).

The motherland of the Nubians located at southern Egypt is on fertile agricul-
tural land and on the Nubian sandstone rich in water resources. Additionally, the
water from the River Nile contains suspended clay to reclaim and enhance the
quality of the prime soils. Consequently, the REDD and REDD+ programs could
be successfully implemented on these sites, which will be useful to reduce the CO2

emissions. Unfortunately, so far, the Egyptian Government did not undertake
REDD-related programs in this area seeking alleviation of the people. However, the
extensive orchards established by some communities have enhanced
income-generation via fruit yields and in turn combat erosion by halting sand
movement. Despite these unguided and individual efforts, these activities provide
indirect impacts in climate change mitigation.
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5.8 Mitigation Actions in the Egyptian Indigenous
Communities

The Nubians are indigenous to the area around Lake Nasser and have their own
language, customs, culture, and traditions (Fig. 5.2). To mitigate the effects of high
temperatures which approach 50 °C in the summer in the Lake Nasser area and to
reduce the use of electrical power to run air conditioning, the Nubians have
developed special models and architectural settlement forms (Fig. 5.3). Houses
have been built with domes to exploit air currents to reduce internal high temper-
atures so that air conditioning is not necessary, thereby reducing the electricity
needs and greenhouse gas emissions. Further, many trees of different dimensions
have been planted along the lakeside to increase respiration and reduce local
temperatures.

Regardless of these attempts to combat the climate, similar to the Egyptians in
other areas, the Nubians around Lake Nasser are suffering from the climate change
impacts of high temperatures and humidity. The Nubian society is facing drought,
lack of drinking water, rising water temperatures and the consequent impacts of
these problems. Although Pollution does not affect the local environment as there is
no industrial production near Lake Nasser; the Nubians are still suffering the impact
of climate change on their crops and a quality loss in their overall health. REDD
provides financial rewards for avoided deforestation and forest degradation. In
doing so, it also provides incentive to manage forests sustainably and equitably for
people who live in and around forested areas.

Fig. 5.2 A Nubian Family. Source The author
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Carbon emissions could be reduced by reducing forest destruction and burning
and pumping less carbon dioxide into the atmosphere. However, there is a second,
equally important part of REDD which enhances forest protection and in turn the
capture of carbon from the air storing it in trees and plants and sequester it in the
soil. Ultimately, by keeping forests healthy and intact, GHG emissions are reduced
and CO2 is sequestered.

5.9 Conclusion

As in other areas in Egypt and especially the coastal areas, the ancient Nubian
societies in Egypt and Sudan are suffering from significant climate change impacts.
Some of this impact was caused by the construction of the Aswan High Dam, which
forced the relocation of the Nubians, thereby causing them to lose their contact with
their roots and their mother land.

Nubians have designed special architectural forms to exploit the air currents,
thus alleviating the effect of the high temperatures and reducing the need for air
conditioning, which consequently reduces electrical supply needs and greenhouse
gas emissions. REDD is a mitigation response that could assist Nubian and other
indigenous communities to mitigate the impact of climate change. So far, the
indigenous societies’ contribution to carbon emissions remains among the lowest in
the world. This should encourage the positive climate change mitigation actions

Fig. 5.3 A Nubian’s House. Source The author
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taken by the governmental agencies by enhancing the knowledge and awareness of
indigenous people to reflect the benefit towards deforestation, reforestation, REDD
and REDD+ projects.

The government and local authorities need to smooth the titling process to
ensure the applicability of REDD projects, encourage more participation from
indigenous areas and protect the common benefits for communities. Therefore,
capacity building is necessary for the effective engagement of the relevant actors in
the REDD process. Thus, it is crucial to ensure that communities and especially
indigenous communities are aware of and involved in the implementation of REDD
and its operational strategies.
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Chapter 6
Carbon Trading Via Exports: Comparison
of the Emissions Embodied in Exports
in China and Turkey

Nejat Erk and Ali Vural Cengiz

Abstract This study first takes a brief look at the relationship between countries’
carbon dioxide emissions and their exports to determine if a relationship exists
between carbon emissions and international trading, particularly exports. The
analysis considered 23 countries from different income levels and different regions
in terms of carbon dioxide emissions, total exports, agricultural exports, industrial
exports and service exports. Econometric model ‘Xtreg’ was used to test if the
statistical correlation between carbon dioxide emissions and three types of exports
(agricultural, industrial and services) was significant or not. The findings were very
interesting: carbon emissions were found to increase with the industrial and service
exports; however, no meaningful relationship was found between carbon emissions
and agricultural exports. The study argues that carbon trading puts a new crack in
competition analysis in international economics.

Keywords Carbon trade � Econometry � Xtreg � Carbon emission

6.1 Preface

Climate change and its outcomes have been studied as a major subject by not only
scientists but also environmentalists and even most of the population, particularly in
terms of its causes and possible solutions. According to United Nations Framework
Convention on Climate Change (UNFCCC), Turkey has been identified as the
country with the highest percentage increase in emission between 2012 and 2014.
New Zealand ranks second and Malta ranks third (UNFCCC Report 2014).
Therefore, research on the development of carbon emissions over the last decade in
Turkey is particularly important.
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On the other hand, current studies show that modern economies generate an
important percentage of carbon emissions via the production of the goods to be
exported—more than 50 % in most developed economies (Su et al. 2010). For
example, 70 % of Norway’s carbon emissions stem from exported goods
(Peters/Hertwich 2008).

All studies on the subject agree upon the following two points:

(1) An important element of carbon emissions arises from international trade. In
other words, carbon emissions are transferred from producing countries to
importers via trade.

(2) Carbon emissions from trade have increased over time.

Thus, calculating the emissions embodied in exports (EEE) is important for the
Turkish economy as well as others to enable them to decrease their total emissions.

6.2 History of Studies

Input–output analysis has been widely used to study production, relationships and
interdependence of economic sectors. Quesnay (1759) published ‘Tableau
Economique’ to explain the American economy from the viewpoint of
sector-dependence. Later, Leontief (1936) developed an analytical framework of
input–output analysis in the 1930s to show the interdependence among economic
sectors, an achievement that won him the 1973 Nobel Prize. Even today, input–
output analysis remains one of the most widely accepted methods of analysis in
modern economics (Baumol 2000).

Skolka’s input–output studies (Skolka 1976) in 1976 were followed by Stone’s
analysis in 1984 (Stone 1984) and Rose and Miernyk’s 1989 study (Rose/Miernyk
1989). Leontief himself continued to develop input–output analysis, using it as part
of social studies on empirical as well as theoretical analyses.

According to Miller/Blair (2009), an input–output analysis basically shows how
one industry’s production output is allocated among other sectors. Later, additional
economical activities were added and input–output tables became employed in
conjunction with other economic analysis tools.

Application of Leontief’s input–output analysis approach widely at different
levels (local, regional, national and international) became possible with the advent
of high-speed computers and statistical programs. It has now been applied in studies
to link not only sectors of a national economy but also various sectors from many
countries in global input–output studies (Xu/Dietzenbacher 2014).

Input–output analysis has been used in social calculations for employment as
well as for subjects as diverse as energy consumption, environmental pollution and
industrial production as well as geographical analysis (Miller/Blair 2009). Since the
1960s, input–output analysis has been used for environmental pollution calculations
stemming from transfers between sectors, with Leontief himself conducting one
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such analysis personally in 1970. Many studies followed in his footsteps over the
past 45 years.

One accurate and simple method to calculate the level of pollution as a result of
industrial production activity and product transfers between the sectors assumes that
a matrix of the created emissions also exists. This approach has been widely used to
calculate EEE and embodied emissions imports (EEI), thus enabling the study of
EEE and EEI developments in several country groups.

6.3 Our Econometric Study

This study, presented at the Istanbul Carbon Summit in 2014, seeks to determine if
a meaningful correlation exists between carbon emissions and exports at the global
level. Our dependent variable is CO2 emission values (metric tons per capita); total
exports, industrial exports, agricultural exports, and service exports are the inde-
pendent variables. The data cover the years 2000, 2005 and 2010.

The ‘Xtreg’ (Fixed-, between-, and random-effects and population-averaged
linear models) statistical method was used to pinpoint the correlation between CO2

and the three examined branches of exports. The data were taken in February 2014
from databases compiled by the United Nations Development Program (UNDP),
World Bank and OECD from the following sources:

(1) UNDP 2013 Human Development Report, United Nations Development
Program 1 UN Plaza, New York, NY 10017, USA

(2) The World Bank, 2002 World Development Indicators, Page 230.
(3) The World Bank, Indıcator Data 2010, 1818 H Street NW, Room MC2-812,

Washington, D.C. 20433 USA
(4) The World Bank, Indıcator Data 2013, 1818 H Street NW, Room MC2-812,

Washington, D.C. 20433 USA
(5) OECD. Stat Extracts, stats.oecd.org/index.aspx?queryid167#, 21 April 2016

As the calculations shown below indicate, we found significant (R2 = 0.5030,
P < 0.03) statistical relation between carbon emissions and two types of exports:
industrial exports and service exports. On the other hand, no significant relation
occurred between carbon emissions and agricultural exports.

Unfortunately, an item specifically detailing environmental cost is not included
in the prices for industrial goods and services. Despite seeking low wages, high
technology and effective managerial skills, neither developed nor underdeveloped
countries pay attention to the ecosystem damage caused by exports. In addition to
these pricing issues, countries may need to find their net exports after calculating all
emission amounts and subtract these numbers from their total exports. For example,
Turkish exports in 2013 have been declared as $151.7 billion but the real number
after ecological damage is accounted for would probably run under $150 billion.
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The people of Turkey, and not just the government, have the right to know the real
numbers.

Determining CO2 emissions and adjusting world export prices raises another
question: Do the trading theories of Ricardo, Ehlin and Samuelson need to be
reconsidered? Do all countries still benefit from international trade? Is the theory
that claims each country shall specialize in the products using most common
production factors still correct? The same uncertainty applies to the theory that the
most common factor yields the highest income. All these theories may need to be
adjusted.

A first step could be calculating the real emission cost per production unit
together with the real cost for industrial products and exported services. Before we
conclude this section, we would like to mention a study by Peters et al. (2011) that
supports our findings. ‘The increase in exports can explain the majority of CO2

emissions in time even though different data sets show different values. In Norway,
we found that 60.6 % of emission increases were created by industrial exports. This
is followed by household consumption (17.9 %) and public expenditures (12.7 %).

6.4 Emissions Embodied in Exports in China
and Turkey—2000 and 2009

Calculations are completed using input–output analysis for 34 sectors in each
country. We used Matlab to perform the calculations. According to the Netherlands
Environmental Assessments Agency, China, whose production output and exports
soared have over the last 30 years, has created most of the world’s emissions since
2006. Total carbon emissions created amounted to 6200 million tons in 2006 (IPCC
2011). Many studies show that trade in goods has been an important factor behind
this substantial increase in total emissions (Pan et al. 2008a; Ma/Ying 2011).
China’s total international trade reached $2.5 trillion in 2008, and China became the
second largest exporter in the world following Germany. However, most of the
products sold to developed countries are labor- and energy-intensive goods, and
emissions embodied in those products play an important role in China’s total
emission increases. EEE stem directly from not only production activities but also
transport, energy used in production and other supporting activities
(Peters/Hertwich 2008).

Calculations show us that both China’s and Turkey’s EEE numbers increased
from 2000 to 2009. China’s increase, in particular, showed substantial growth; its
541 % increase was the highest in the world. Our findings parallel to research with
our results showing export increases leading to rising emissions and previous
research stating “when a consumption-based system is adopted, China’s emissions
are lower than those reported by some international organizations. The rapid growth
in China’s exports is a key determinant of China’s rising total emissions (Ma/Ying
2011).
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One important issue in China’s emission growth is the high discrepancy between
EEE and EEI because of the country’s very high trade surplus. In this regard,
Turkey is in much better shape due to its foreign trade deficit.

6.5 Conclusions

In the first part of our two-part study, we found a correlation between total carbon
emissions and two types of exports: industrial and service exports. We did not find
a significant correlation between emissions and agricultural exports. We also
demonstrated that the EEI increased to high levels as a result of the trade increases
in all regions in the world between both developed and developing countries and
between countries from different development levels.

In the second step of this study, we calculated EEE levels. We found increases
between 2000 and 2009 of 541 % in China and 37 % in Turkey. These findings
indicate how emissions from the productions for export are so hard to reduce in
developing countries. Even Turkey’s EEE levels showed a high percentage
increase, whereas China’s EEE increases by 15 times more than Turkey’s EEE,
growth that can be largely attributed to China’s very high production levels.

Our study proved that both China and Turkey need to make greater strides in the
fight against carbon emissions and need to replace their current production tech-
nologies with better and more efficient ones.
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Chapter 7
Energy–Economy–Ecology–Engineering
(4E) Integrated Approach for GHG
Inventories

Egemen Sulukan, Mustafa Sağlam and Tanay Sıdkı Uyar

Abstract Energy is the main driver of modern national economies. However,
energy systems are highly complex and obtaining energy-efficient and clean solu-
tions at the lowest cost is becoming harder under these dynamic circumstances. An
integrated decision-making tool is needed in these circumstances as a compass for
decision makers. This study aimed to create such a model for Turkey, spanning the
period 2005–2025. Firstly, energy supply commodities, sectors and sectoral
demands, conversion and process technologies, consumption and demand tech-
nologies are determined for Turkey based on energy balance statistics published by
the Ministry of Energy and Natural Resources. This database is called the Reference
Energy System, and included parameters characterizing each of the technologies
and resources used to obtain the energy equilibrium, including fixed and variable
costs, technology availability, performance and pollutant emissions. The model also
allows user-defined variables. After developing alternative scenarios to achieve
cost-effective technology selection and running each alternative of the base scenario
one by one, model responses and scenario results are analyzed to provide technical
recommendations. Therefore, a functional ‘energy–economy–ecology–engineering’
integrated model calculating final energy consumption from primary energy supply
was developed with optimal solutions including both current energy technologies
and candidates for near future utilization.

Keywords ETSAP � Turkish model � Greenhouse gases (GHGs) � GHG emis-
sions estimation
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7.1 Introduction

Energy is extremely important to the social and economic development of a
country. Nevertheless, the high complexity of energy resources, energy
conversion/processes or demand technologies require an algorithm to optimize the
energy system to finding the least costly way to achieve energy efficient and clean
solutions that can provide sustainability and curb climate change effects.

Achieving sustainable development goal may be possible with realistic and
long-term strategic plans that incorporate and seek to optimize the global and unique
circumstances of individual countries, particularly in terms of economic and envi-
ronmental constraints. A thorough analysis can be made that considers current status
and future potential within realistic parameters. Different decision support-based
approaches are also needed for planning in every country to optimize the energy,
economic and ecological aspects of the system. The main objective of such efforts
leads to the development of a model for Turkey that can be used for such purposes.

Market Allocation (MARKAL) is a model generator still under development but
is already in use by different institutions, universities, and officials in different
countries. The Energy Technology Systems Analysis Program (ETSAP) is an
Implementing Agreement of the International Energy Agency (IEA) and functions
as a consortium of member country teams and invited teams that actively cooperate
to establish, maintain and expand a consistent multi-country energy–economy–
environment–engineering (4E) analytical capability.

7.2 Review of Relevant MARKAL Model Studies

MARKAL has been used widely to analyze the energy systems economy including
environment pollutants for single or multiple regions. Agoris et al. (2004) analyzed
the Greek energy system and its alternatives using MARKAL and developed three
scenarios that revealed different alternative policies and calculated the costs of
Kyoto and non-Kyoto targets. Salvia et al. (2004) and Contaldi et al. (2007) used
MARKAL to analyze the energy economy in Italy. Chen et al. (2007) used
MARKAL to study China’s carbon-mitigation strategies and resultant impacts on
the country’s economy. They analyzed the changes in both final and primary energy
mix, changes in technology development, as well as marginal drop costs for given
carbon constraints from MARKAL.

Jegarl et al. (2009) used the MARKAL model to study CO2 reduction options for
the Korean power generation sector. Strachan et al. (2009) used MARKAL to
model hydrogen supply, demand and infrastructure anchored within an
economy-wide energy systems model. The impacts of CO2 emission reduction
targets and carbon taxes on future technology selection processes, especially solar
PV and energy use in Bangladesh power sector during 2005–2035 have also been
analyzed (Mondal/Islam 2012).
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The US energy system has also been analyzed in terms of the uncertainties
associated with the outcomes of possible regulations contained in the US
Environmental Protection Agency (EPA)’s Nine Region MARKAL Database
(EPAUS9r) (Balash et al. 2013). The possible impacts of energy and climate
policies and an economy-wide equivalent carbon tax on greenhouse gas
(GHG) emissions in the US for the year 2045 were analyzed using a hybrid energy
modelling approach (called MARKAL-Macro) mainly aiming to examine the
impacts of two important objectives of US energy policy: GHG reduction and
increased energy security (Sarica/Tyner 2013). A series of carbon dioxide (CO2)
emission-abatement scenarios for Taiwan’s power sector were developed according
to Sustainable Energy Policy Guidelines, a national regulation guiding to promote
the sustainable use of energy, released by the Executive Yuan, the executive branch
of the Government of Taiwan (Ko et al. 2010). Ireland’s energy target for 2020 to
reduce GHG emissions by 20 % below 2005 levels has also been analyzed (Chiodi
et al. 2013). The integrated MARKAL-EFOM system (TIMES) modelling tool has
been applied to examine the cost effectiveness of different evolutions of CO2 taxes
under the Emissions Trading System in Europe by 2050 (Gerbelová et al. 2014).

7.3 Methodology

The standard MARKAL model combines energy demands, capital requirements,
subsidies, investment costs, GHG emissions, conversions, resource (import–export)
and process technologies, energy carriers and demand (or namely end-use) tech-
nologies. The model determines the optimal solution satisfying these energy
demands at the least cost by choosing an energy supply with respective technolo-
gies; this modelling process thus facilitates reaching accurate economic and envi-
ronmental decisions. Such an optimization-problem formulation consists of three
types of entities: (1) decision variables, (2) objective functions and (3) constraints
that must be satisfied by the optimal solution.

MARKAL’s objective is to minimize the total cost of the discounted energy
system over the specified planning horizon. Each year, the total cost includes
annualized investments in technologies; fixed and variable annual operation and
maintenance (O&M) costs of technologies; cost of exogenous energy and material
imports and domestic resource production (e.g. mining); revenue from exogenous
energy and material exports; fuel and material delivery costs; and welfare loss
resulting from reduced end-use demands, taxes and subsidies associated with
energy sources, technologies and emissions (Loulou et al. 2004).

In each period, the investment costs are first annualized before being added to
the other costs, which are all other annual costs to obtain the total annual cost in
each period. MARKAL then computes a total net present value of all annual costs,
discounted to a user-selected reference year.

In this context, Turkey’s energy system has been numerically represented in the
Turkish MARKAL Model as the base scenario (Business as Usual Scenario—
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BAU) and various implementations have been executed regarding mitigation
strategies for energy-related emissions for Turkey with different scenarios within
the period 2005–2025 (Sulukan et al. 2010).

During this process, Turkey’s energy supply commodities, sectors and sectoral
demands, conversion and process technologies and consumption and demand
technologies are determined based on energy balance statistics published by the
Ministry of Energy and Natural Resources. This resulting database is called the
Reference Energy System (RES), which includes parameters characterizing each of
the technologies and resources used to obtain the energy equilibrium, including
fixed and variable costs, technology availability, performance and pollutant
emissions.

Development of a baseline scenario begins with defining scenario characteristics
(e.g. BAU). Changes in independent variables are specified and entered into the
model, which is run to simulate overall energy use and emissions over the selected
time horizon. The baseline scenario is evaluated for reasonableness and consistency
and then revised accordingly. However, it is unlikely that every parameter needed
to complete the baseline scenario will be found in national documents or even that
the documents will provide a consistent picture of a country’s future. As with much
of the modelling process, the analyst’s judgment in making reasonable assumptions
and choices is crucial.

The effect of changes in technology selections and CO2 emissions are analyzed
starting from this typical BAU scenario. After developing alternative scenarios to
achieve cost-effective technology selection and running each alternative of the base
scenario, model responses and scenario results are analyzed to provide technical
recommendations. Therefore, a complete and running energy–economy–ecology–
engineering integrated model calculating final energy consumption from the pri-
mary energy supply is created with an optimal solution that includes both current
energy technologies and candidates for near-future utilization.

MARKAL has the capability of tracking the production or consumption of
environmentally relevant quantities according to the activity, installed capacity or
new investment in a resource or technology. This capacity has most often been used
to track emissions of traditional pollutants such as CO2, NOX, SOX, CO and par-
ticulates. However, it could also be used to track consumption of land or other
resources as well as the removal of pollutants from the system. Important envi-
ronmental variables, expressed in terms of pollutants, include:

• Emissions per unit of technology activity, installed capacity or new investment.
• Emission constraints, which can take the form of a cap on total emissions per

year or a cumulative cap on emissions over the entire modelling horizon, if
desired.

Out of all other pollutants, CO2 emissions obtained from MARKAL Model,
which are mainly caused by the specified sectoral energy consumption, are the main
focus of this paper.
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7.4 Results

The summary of Turkish RES-the basis for this study-contains primary energy
supply, energy carriers, demand technologies and end-use demands, as illustrated in
Fig. 7.1. The RES is based on BAU values. In other words, past values of energy
production, consumption and emissions are simply projected into the future with no
attempts for optimization such as GHGs mitigation or cost improvement. The RES
mainly serves as a comparison tool with possible alternative future scenarios that
have been developed for optimized emissions or cost. Hence, the RES should
contain relevant data for the time period over which the analysis is performed.

These values are detailed in Table 7.1. The RES has been developed for the time
period 2005–2025 and data for this article were mainly taken from the Ministry of
Energy and Natural Resources and World Energy Council Turkish National
Committee. The cumulative increase rate of all factors during this 20 years period
2005–2025 is 5.3 % and sectoral fuel consumption increase rates are also given.
Increases in commercial, industrial and residential sectors’ fuel consumption are
particularly noteworthy.

Fig. 7.1 Turkish reference energy system. Source Sulukan et al. (2010)
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The values for five main sectors, namely, agriculture, commercial, industry,
non-energy, residential and transportation, have been the basis for the RES. The
values for primary energy carriers in these sectors have been transformed into
secondary energy carriers for consumer use. The secondary carriers are organized in
such a way that all end-use demands would be satisfied by implementing the final
usage technologies. To this end, demand items are classified according to the
sectors mentioned above.

Conversion and process technologies are also classified according to their energy
sources and the demands they satisfy. As a result, 27 energy carriers, 21 source
technologies that have been used in conversions, 9 process technologies, 18 con-
version technologies, 137 end-use technologies and 31 demand types have been
specified in the database.

The Turkish MARKAL energy system can comprehensively develop wide-
spread policies to review CO2 emission mitigation options and delineate the rela-
tionship among Turkey’s economic growth, energy consumption and GHG
emissions. Thus, once the model is set up and various scenarios are run starting
with base scenario, the model affords planners the ability to conduct detailed
analyses for sectoral economic composition change, and change of carbon and
energy intensities. This can be done by using new energy sources in the energy mix
in sectoral bases as well as in the time series.

In Turkey, long-term energy consumption-based CO2 emission forecasts show
an escalating trend between 1990 and 2025, increasing at a rate of 183.49 % from
139594 to 479954 kt. In the base scenario, the ratios of CO2 to electricity pro-
duction are found for power plants installed in Turkey. A substantial percentage of
GHG emissions in Turkey are released by fossil-fuel-based power plants.
Technologies and sectors acting as emission sources under the general assumption
of 3.3 % economic growth have been specified into the model. Base scenario
results include the current situation and projections up to the year 2025. The CO2

increase rate is projected as 102.6 % between 2005 and 2025 (Figs. 7.2 and 7.3).

Table 7.1 Total final energy by sectors according to the RES (in PJ)

Sectors 2005 2010 2015 2020 2025

Agriculture 140.64 165.43 194.59 236.9 277.24

Commercial 13.42 15.79 18.57 21.85 25.7

Industry 1232.15 1527.90 1797.21 2113.97 2486.57

Non-energy 93.7 88.17 103.71 121.99 143.49

Residential 962.8 1132.50 1332.11 1566.91 1843.08

Transport 579.74 681.92 802.12 943.49 1109.79

Total 3022.45 3611.71 4248.31 5005.11 5885.87

Source Sulukan et al. (2010)
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A total of 66 % of the emission increase between 1990 and 2025 arises from
electricity production and industry sectors. The transportation sector generated
17 % of total emissions.

CO2 emission rates from the consumption in agriculture, residential, trans-
portation and industrial sectors with forestry and electricity production are esti-
mated in the base scenario (Fig. 7.4). Although the main focus of the scenarios is to
reduce carbon emissions, reductions of other pollutants are addressed as well.

These emissions are mainly caused by mining activities and the combustion of
energy carriers consumed by conversion, demand and process technologies, mainly
exchange boilers, furnaces, the sugar industry, residential heating and cooking
equipment and transportation vehicles.

Fig. 7.2 CO2 emission projection (1990–2025). Source The authors

Fig. 7.3 Total CO2 emission distribution of conversion technologies. Source The authors
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7.5 Conclusion

This study summarizes the development of a MARKAL model for Turkey and the
initial estimations arising from the BAU estimations till the year 2025. For further
and more detailed Turkish MARKAL analyses, additional alternative scenarios may
be created and run against the BAU scenario to analyze the possible effects and
obtain the fundamentals needed to devise an effective energy policy road map for
Turkey, as stated below:

• Fostering the financial mechanisms for renewable energy system investments,
• Increasing the deployment of renewable energy for heating/cooling and trans-

portation to meet national targets,
• Developing options for efficiency improvements in thermal power plant

expansion plans or technologies used in end-use sectors that affect the energy
generation, consumption and GHG emission levels,

• Developing potential candidate power plant analyses to obtain annual invest-
ment levels and electricity load percentages,

• Analyzing the possible effects of increasing the alternative potentials of
hydraulic, wind, solar and wave energy resources in the national energy system,

• Utilizing co-generation in all sectors, especially power generation and industrial
sub-sectors,

• Analyzing candidate nuclear power plants’ effects in the energy system, and
• Analyzing carbon dioxide mitigation scenarios to estimate a road map with the

relevant environmental aspects (Sağlam et al. 2013).

Conventional energy resources currently govern Turkey’s energy mix and
dominate the current energy system composition, thus condoning externalities for
fossil fuels. Energy technologies have evolved to be extremely dependent on fossil

Fig. 7.4 Total CO2 emission distribution of sectors in BAU scenario. Source The authors

86 E. Sulukan et al.



fuels since the industrial revolution. Demand technologies are mainly designed for
fossil fuel combustion, causing environmental pollution.

However, political guidance is the most important element for determining an
effective path for diminishing consumption of contaminating hazardous energy
resource to mitigate global warming effects and sustain society. Establishing a
consensus among decision-makers, engineers, local authorities and nongovern-
mental organizations on energy and technology selection means that environmental
planning should be supported by experts possessing energy modelling capabilities.
Moreover, these efforts should determine the relevant aspects of an energy system
involving energy economy, environmental effects, energy production and ethical
responsibilities.
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Chapter 8
Cost-Benefit Assessment of Implementing
LULUCF Accounting Rules in Turkey

Olivier Bouyer and Yusuf Serengil

Abstract Turkey is an Annex 1 Party with “Specific circumstances” because it has
the fastest population growth rate among the Organization for Economic
Cooperation and Development (OECD) countries and lowest per capita energy-
related CO2 emissions among the International Energy Agency (IEA) countries. In
addition, all national indicators show that Turkey is in fact a developing country. It
was deleted from Annex 2 of the United Nations Framework Convention on
Climate Change (UNFCCC) and not included in the Annex B of the first term of the
Kyoto Protocol (KP1). In the context of preparation of a 2015 multilateral treaty on
climate change, which would enter into force in 2020, differentiation between
Annex 1 and non-Annex 1 Parties may be revisited, and it seems useful to explore
the possible consequences of such a reclassification. Accordingly, this study aims at
providing a neutral cost/benefit assessment of implementing Land Use, Land Use
Change and Forestry (LULUCF) accounting rules in Turkey in the future, as one
possible scenario. The rationale for this assessment is based on a technical and
objective deduction and does not in any way pre-empt the national positions put
forward by Turkey in the climate negotiations or any possible COP decision that
may determine its future classification, considering its specific circumstances.
Turkey started reporting LULUCF under the Climate Convention in 2006.
Presently, the LULUCF sink (made of a forest sink for its bigger part) is estimated
to offset 12 % of Turkey’s total greenhouse emissions. For afforestation/
reforestation (A/R) (Article 3.3), the objectives of the 2014–2017 OGM (General
Directorate of Forestry Turkish abbreviation) Strategic Plan were considered. For
forest management (FM) (Article 3.4), two alternative scenarios were considered:
90 Mm3 of roundwood harvest between 2013 and 2017 (intensive harvest) and 25
Mm3/year of felling (industrial round wood) harvest by 2020 (extensive harvest).
The corresponding volumes of firewood, felling and total round wood were forecast
accordingly from 2013 to 2020. The carbon credits or Removal Units (RMUs) for
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Article 3.3 ARD and Article 3.4 FM (including the carbon storage in harvested
wood products) were estimated using the guidelines from the intergovernmental
panel of experts on climate change and taking into account the upgraded LULUCF
rules. For Article 3.3, it was estimated that 119.4 million RMUs could be generated
between 2013 and 2020, which is more than twice the maximum amount of RMUs
to be generated under Article 3.4 FM. The total economic values (TEVs) of
Turkey’s forests have been estimated based on recent studies and then used to
calculate benefits. Taking into account the recent European Union (EU) market
price (Kyoto market) or the recent forest carbon price (Kyoto and voluntary mar-
kets), carbon benefits are reduced in all scenarios compared with other values
included in the TEV of the forest. If we consider the carbon shadow price (i.e. the
recommended carbon price from 2011 to 2050, to achieve the EU target of reducing
GHG emissions fourfold by 2050), it is worth noting that the situation is quite
different: for the 3.4 FM areas and mainly for 3.3 ARD areas, the carbon benefits
are substantial. However, this price level is still far from attainable as negotiations
stand now, unless the international community is able to adopt a strong political
commitment in coming years.

Keywords Climate change �Mitigation � Cost-benefit analysis � Kyoto Protocol �
LULUCF

8.1 Introduction

Many developed countries involved in the UNFCCC have lost their motivation in
the last 4–5 years, and this is reflected in the Kyoto Protocol’s second term. The
number of parties that have commitments in the second Kyoto term (2013–2020) is
less than the number in the first round (2008–2012). However, some achievements
have been realized due to the efforts of dedicated parties and institutions, such as the
creation of a register of nationally appropriate mitigation actions (NAMAs), a green
climate fund, an adaptation committee and a climate technology center, and refining
the REDD+ mechanism (reducing GHG emissions from deforestation and forest
degradation and maintaining or increasing forest carbon stocks).

The last COP was held in Warsaw in December 2013. At the closing plenary, the
Alliance of Small Island States (AOSIS) deplored the disastrous gap in terms of
ambition. The least developed countries (LDCs) group welcomed the establishment
of the mechanism on loss and damage but lamented the lack of progress on the
provision of long-term finance, and called for an acceleration of negotiations under
ADP. The African group called on developed countries to ratify the Doha
Amendment urgently and deplored their lack of ambition.

In short, political determination failed to COP19. Those who bet, before COP19,
on a ‘financing COP’ or an ‘implementation COP’, finally saw a ‘REDD+ COP’
(seven decisions adopted on REDD+) with limited progress on long-term finance
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(without numerical objectives or calendar or guidelines on measuring, reporting and
verification (MRV)) and towards achieving a ‘loss and damage’ mechanism.

Negotiations advanced efficiently on finance and emission reduction targets for
the last 2 years on the way to Paris. A new agreement has been prepared but it is
unlikely that the new established working group to reveal the mechanisms of the
agreement will progress efficiently in the coming years if the ‘chicken and egg’
blockage continues:

• As part of the post-2020 multilateral treaty, most developed countries support a
review of the dichotomy between Annex 1 and Non-Annex 1 Parties; this
differentiation dates from 1990, while some developing countries such as China
have per capita emissions levels similar to those of developed countries;

• As part of the KP amendment 2013–2020, developing countries have called on
developed countries to drastically raise their level of ambition: (i) few of them
have commitments (only 15 % of global GHG emissions are covered),
(ii) commitments are well below IPCC (2013a) recommendations to stay the
global temperature increase less than +2 °C.

More than ever, a surge of political will is required to enter the final countdown
for a post-2020 multilateral treaty. Tough debates lie ahead that touch upon the key
principles of the UNFCCC: historical responsibility, common but differentiated
responsibility, equity, transparency, etc. It is now hoped that the high-level event
convened by the UN Secretary-General in 2014 will provide the needed spark.

8.2 Position of Turkey in the UNFCCC

Figure 8.1 seeks to summarize Turkey’s current situation with regard to the
Organization for Economic Cooperation and Development (OECD) and the
Annexes (1 and 2) of the UNFCCC: Five countries are particularly singled out:

• USA(*): They signed the KP but did not ratify it and have no commitments
under Annex B to the KP;

• Turkey (**): Part of the Annex 1 but with ‘specific circumstances’ (explained
below) and, as such, not included in Annex 2 of the UNFCCC nor in Annex B
to the KP;

• Cyprus and Malta (***): As they were considered to be developing countries at
the time of Kyoto, they were not included in Annex B;

• Belarus (****): Also part of Annex 1 but not included in Annex B to the KP
(Decision 10/CMP.2 amending the Annex B with Belarus was never approved
by other Parties).

Since 1992, Turkey has been advocating for recognition of its special circum-
stances. Thus, Article 35 of the report of the second part of the fifth session of the
Intergovernmental Negotiating Committee for a Framework Convention on Climate
Change states that three delegations (Bulgaria, Czechoslovakia and Turkey)
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reserved their positions regarding the listing of countries in the Annexes to the
Convention (UN General Assembly 1992). In 1997, Turkey revealed its positions in
detail through a submission sent to the Secretary of the UNFCCC (UNFCCC
1997a, b): (i) Turkey wants to be considered a developing country and (ii) Turkey
requests its deletion from the Annexes 1 and 2 of the UNFCCC. To substantiate
these requests, the following key facts were presented:

• “Turkey, with approximately 64 million inhabitants as of mid-1997, is one of
the most populous countries in the world, and has the fastest population growth
rate of all OECD countries (1.6 % in 1997). Population is rapidly urbanizing at
4.4 %. By 2000, 70 % of the population will be living in urban areas. Life
expectancy is slightly better than the average of lower middle-income countries;
the under-five mortality rate is similar. Turkey has been growing at double the
average for OECD countries. As can easily be seen, Turkey is a developing
country and still has some burdens to overcome regarding social and economic
development”;

• “Turkey’s contribution to global GHG emissions is considerably below the
average of Annex 1 countries. Turkey has the lowest energy-related CO2

emissions per capita among International Energy Agency (IEA) countries”;

Fig. 8.1 Turkey in the OECD and Annexes 1 and 2 of the UNFCCC. Source Bouyer (2014)
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• “Turkey is acknowledged as a developing country in the Montreal (Ozone)
Protocol, relying on the fact that the World Bank, OECD and the United Nations
Development Program (UNDP) have classified Turkey as a developing
country”.

In 1998, at COP4 in Buenos-Aires, the Decision 15/CP.4 opened an agenda item
to consider the possible deletion of Turkey from the Annexes 1 and 2, pursuant to a
joint proposal made by Pakistan and Azerbaijan (UNFCCC 1999).

In 2001, at COP7 in Marrakech, the Decision 26/CP.7 finally vindicated
Turkey’s stance by (i) Deciding to amend the list in Annex 2 to the UNFCCC by
deleting the name of Turkey and (ii) Inviting the Parties to recognize the special
circumstances of Turkey, which place Turkey, after becoming a Party, in a situation
different from that of other Parties included in Annex 1 to the UNFCCC (UNFCCC
2001).

In 2004, Turkey ratified the UNFCCC. Five years later, in 2009, Turkey ratified
the KP.

In 2010, prior to COP16 in Cancun, Turkey exposed its views, related to the
preparation of an outcome to be presented to the COP16, in a submission sent to the
Secretary of the UNFCCC (UNFCCC 2010): (i) Turkey’s historical GHG emis-
sions, per capita GHG emissions, basic economic and social indicators, as well as
its sustainable development needs, are significantly different from other Annex 1
Parties; (ii) Turkey is located in one of the most vulnerable regions exposed to the
adverse effects of climate change, according to the fourth Assessment Report of the
IPCC and (iii) Turkey needs support for finance, technology and capacity building
for mitigation and adaptation.

In 2010, at COP16, Article 142 of Decision 1/CP.16 recalled the key elements of
the Decision 26/CP.7 (UNFCCC 2011): deletion of the name of Turkey from the
Annex 2 of the UNFCCC, invitation to Parties to recognize the special circum-
stances of Turkey that place it in a situation different from those of other Annex 1
Parties and eligibility for support under Article 4, paragraph 5, of the UNFCCC.
Turkey also requested the AWG-LCA to continue consideration of these issues with
a view to promoting access by Turkey to finance, technology and capacity-building
in order to enhance its ability to better implement the Convention.

In 2011, at COP17 in Durban, Article 170 of Decision 1/CP.17 recalled the key
elements of the Decision 26/CP.7 and Decision 1/CP.16 (UNFCCC 2012a, b).
Since COP18 in Doha and COP19 in Warsaw, the situation has remained the same:
(i) Turkey is an Annex 1 Party, having specific circumstances setting it apart from
the other Annex 1 Parties; (ii) Turkey is not part of Annex 2 of the UNFCCC, and
thus it is not expected to contribute to the climate financing regime but rather to
benefit from it and (iii) Turkey does not have a binding GHG emission-reduction
commitment inscribed in Annex B to the KP. Perhaps more than for any other
Party, the current debates on differentiation between Annex 1 versus Non-Annex 1,
as well as the implementation of the UNFCCC principles (historical responsibility,
CBDR, equity, etc.) are of interest to Turkey.
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8.3 Forest Sector in the UNFCCC

8.3.1 Key Features of LULUCF and REDD+

‘Biological’ carbon fluxes (carbon removed from the atmosphere by photosynthesis
or emitted to the atmosphere by biomass burning or decay), as well as CH4 and N2O
(emitted to the atmosphere by biomass burning or anaerobic and aerobic fermentation,
respectively), are considered through two mechanisms, LULUCF and REDD+,
the key features of which are shown in Table 8.1.

8.3.2 Which Mechanism for Turkey?

It is worth noting that the concept of NAMA sometimes overlaps with the concept
of REDD+. Indeed, these two mechanisms were created under the ‘mitigation
pillar’ of the Bali Action Plan, respectively, defined in Article 1 (b) (i) and Article 1
(b) (ii) of the Decision 1/CP.13 (UNFCCC 2008), and they both apply to devel-
oping countries.

There are different interpretations of Article 142 of Decision 1/CP.16 and Article
170 of Decision 1/CP.17 regarding Turkey’s ‘specific circumstances’ and its eli-
gibility for NAMAs: ‘Turkey is fully eligible for support in development of
NAMAs’ (UNDP 2011) compared to the statement ‘Since Turkey is an Annex 1
country, availability of NAMA finance in the post-2012 period for Turkey has not
been clarified yet. Negotiations regarding Turkey’s status are ongoing’ (NCCAP
2011).

In any case, considering, on one hand, the current rules governing the LULUCF
and REDD+ (and NAMAs) mechanisms and, on the other hand, Turkey’s current
classification by the UNFCCC as a developed country and thus its inclusion in
Annex 1 of the UNFCCC, the only mechanism that may theoretically apply to
Turkey is the LULUCF mechanism, which is consistent with the following
processes:

• Preparation of a post-2020 multilateral climate treaty: In this context, it is
conceivable to have a ‘reclassification’ in terms of Annex 1 versus Non-Annex 1
and increased pressure placed on Annex 1 Parties to undertake binding
commitments;

• Alignment with the European Union (EU) Acquis: Since the European Council
of Helsinki in 1999, Turkey has been a candidate member of the EU. Accession
negotiations started at the European Council of Copenhagen in 2002, and the
national program for adoption of the European Acquits started in 2003. As part
of this program, Turkey has to align with the EU Acquits in the field of climate
change, especially as the 2013 progress report on Turkey, ‘Enlargement Strategy
and Main Challenges 2013–2014’, deplored the fact that ‘no progress’ had been
made in that field (European Commission 2013).
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Table 8.1 REDD+ versus LULUCF: key features

LULUCF REDD+

Developed acronym
Land Use, Land Use Change and Forestry Reducing Emissions from Deforestation and

forest Degradation in developing countries;
and the role of conservation, sustainable
management of forests and enhancement of
forest carbon stocks

Umbrella body
Initially: KP1 (2008–2012). Now: KP2
(2013–2020)

UNFCCC

Key Decision
16/CMP.1 (Marrakech Accord) 2/CP.13 (Bali Decision on REDD+)

Concerned Parties Up To 2020
∙ Developed countries included in Annex 1 of
the UNFCCC, and

∙ Having taken quantified GHG emissions
reduction commitments (i) under the KP1,
and included in Annex B or (ii) under the
KP2, and included in the Doha KP
amendment (Decision 1/CMP.8)

Developing countries, not included in the
Annex 1 of the UNFCCC

Concerned Parties After 2020
A post-2020 multilateral climate treaty is being prepared under the ADP (Durban Platform),
with the aim of having it adopted in COP21, 2015. In this context, the classification Annex 1
versus Non-Annex 1 is being discussed, considering UNFCCC principles: CBDR, Historical
responsibility, Equity, etc. At this stage, it is not possible to prejudge what will be the final
classification, but there is a probability that some Parties (e.g. BASIC, OECD) not yet included
in Annex 1 could be included in Annex 1

Objective
Reward net removals from forest/agric. sinks:
∙ Under Article 3.3 of the KP: net removals
from afforestation/reforestation (A/R) done
after 1990. This accounting is compulsory

∙ Under Article 3.4 of the KP: net removals
from managed forests in existence before
1990 (Forest Management; FM) as well as
their derived harvested wood products
(HWP). Accounting is compulsory

� Under Article 3.4 of the KP: net removals
from revegetation (woody vegetation not
considered as forest) and/or cropland and/or
grassland and/or wetlands. Accounting is
voluntary

Reward increased net removals or avoided
emissions from the following activities:

∙ Avoiding emissions from Deforestation
(1st D);

∙ Avoiding emissions from Degradation
(2nd D);

∙ Increasing net removals fromA/R (in the ‘+’)
∙ Increasing net removals from FM (in the ‘+’)
REDD+ is a voluntary mechanism

Political requirement
∙ To be part of the KP and have a binding
commitment

∙ To have proposed the reference level for FM
accounting under art. 3.4, and to have
indicated the other selected activities (if
any) under art. 3.4

To propose a Readiness Preparation Proposal
(RPP): identification of institutional
arrangements, drivers of DD and REDD+
options, roadmap for the elaboration of the
reference level and the MRV of forest carbon
stocks, etc.

(continued)
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This progress report further regrets the “lack of an overall domestic GHG
emissions target in Turkey’s national climate change action plan’ but notes that
‘preparations on setting up and implementing a MRV system, regulatory and
sectoral impact assessments of EU climate policy, and capacity building on
LULUCF […] are continuing”, and finally “invites the country to start reflecting on
its climate and energy framework for 2030, in line with the EU Green Paper
‘A 2030 framework for climate and energy policies”.

8.3.3 Mitigation Options in the Forest Sector

Many mitigation options exist in the forest sector:

• Avoiding deforestation and forest degradation: This is clearly the most obvious
option. It is considered frequently for tropical developing countries (who often
face deforestation and forest degradation due to the large-scale agroindustry,
slash-and-burn cropping, illegal logging, etc.), policies and measures for
avoiding deforestation and forest degradation can also be implemented in
developed countries: improving the fire-fighting system, increasing forests
stands’ resilience to extreme events such as storms, promoting reduced-impact
logging, etc. In temperate forest, gains can vary from few tCO2eq (avoiding
forest degradation) to hundreds of tCO2eq/ha (avoiding deforestation);

Table 8.1 (continued)

LULUCF REDD+

MRV requirement
To have a MRV system in place in
accordance with IPCC guidelines on
LULUCF

The same, but with more flexibility (i.e. to
have a MRV on ‘top of the art’, according to
its national capacities)

‘Main costs’

∙ Costs of getting prepared for either LULUCF or REDD+ (e.g. reference level for Article 3.4
FM, RPP, etc.)
∙ Costs of implementation of ‘pro-climate’ forestry and agriculture activities
∙ Costs of running the MRV system

‘Main benefits’
∙ Carbon: Removal Units (RMUs) which are
fungible with other ‘normal’ Kyoto Units (it
can lessen the emission reductions in the
fossil sectors). Amount of RMUs = f
(accounting rules for Article 3.3 and 3.4)

∙ Non-carbon (tradable/non-tradable
goods/services): employment, taxes, timber,
Non Wood Forests Products (NWFPs), etc.
Depends on selected activities under
LULUCF

∙ Carbon: subsidies for preparation phase and
payments for avoided emissions or
increased net removals, either through
carbon market (voluntary for now. May be
regulated under a post-2020 agreement?) or
carbon funds (public or private). Amount of
payment = f(REDD+ options implemented)

∙ Non-carbon: the same as for LULUCF. Also
depends on the REDD+ options
implemented

Source Bouyer (2014)
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• Sustainable FM (SFM): Carbon removal in existing forests can be improved by
measures such as using selected species, lengthening rotations, rejuvenating old
forest stands, etc. In temperate forest, gains are in the order of few
tCO2eq/ha/year (but the cumulative effect multiplied by the surface considered
can be substantial);

• Afforestation/reforestation (A/R): This category covers different modalities of
converting non-forest land into forest land (planting, seeding, assisted natural
regeneration, etc.). In temperate forest, gains are in the order of few
tCO2eq/ha/year, rarely more than 10–15 tCO2eq/ha/year (apart from
fast-growing exotic species);

• Substitution of fossil fuel: Wood (firewood, wood pellets, granulated wood, etc.)
can be used for energy production (heat and/or electricity). It is carbon neutral
over the medium- to long-term if (an only if) the forest is sustainably managed.
One ton of oil equivalent (toe) can be substituted by four cubic meters of fresh
wood and, consequently, avoid the emission of three tCO2eq;

• Carbon storage in harvested wood products (HWP): Carbon can be stored in
long-life wood products (wood frames, wardrobes, etc.) or medium- to short-life
wood products (wooden crates, cardboard, etc.). If the storage is longer than
100 years (average lifetime of the CO2 in the atmosphere), then one cubic meter
of wood equals one tCO2eq avoided;

• Substitution of ‘grey energy’ in building and housing materials: The grey energy
content of HWP used as building and housing materials is much lower than that
of ‘fossil’ materials (iron, concrete, glass, etc.). In France, 1 m3 of wood used as
building or housing material avoids 0.8 tCO2eq in average (Institut tech-
nologique Forêt-Cellulose-Bois-construction-Ameublement, FCBA 2011).

8.3.4 Translation into the UNFCCC and the KP: LULUCF

The need to preserve ‘reservoirs’ (a component or components of the climate
system where a GHG […] is stored) and ‘sinks’ (any process, activity or mechanism
which removes a GHG […] from the atmosphere) was first mentioned in the
following articles of the UNFCCC (UNFCCC 1992):

• Article 4.1 (d) states that “all parties shall […] promote sustainable management
[…] of sinks and reservoirs of all GHG not controlled by the Montreal Protocol,
including biomass, forests and oceans as well as other terrestrial, coastal and
marine ecosystems”;

• Article 4.2 (a) states that “each of these Annex 1 Parties shall adopt national
policies and take corresponding measures on the mitigation of climate change,
by limiting its anthropogenic emissions of GHG and protecting and enhancing
its GHG sinks and reservoirs”;
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• Article 12.1 (a) states that “each Party shall communicate to the COP […] a
national inventory of anthropogenic emissions by sources and removals by sinks
of all GHG not controlled by the Montreal Protocol”.

But LULUCF was created through two articles of the KP (1997a, b):

• Article 3.3 states that “all Annex 1 Parties have to account for net changes in
GHG gas emissions by sources and removals by sinks resulting from direct
human-induced land-use change and forestry activities, limited to afforestation,
reforestation and deforestation since 1990”;

• Article 3.4 states that “all Annex 1 Parties shall provide—before the first
Conference of the Parties serving as the meeting of the Parties to the KP
(CMP)—for consideration by the Subsidiary Body for Scientific and
Technological Advice (SBSTA), data to establish its level of carbon stocks in
1990 and to enable an estimate to be made of its changes in carbon stocks in
subsequent years”.

It also says that the CMP shall “at its first session or as soon as practicable
thereafter, decide upon modalities, rules and guidelines as to how, and which,
additional human-induced activities related to changes in GHG emissions by
sources and removals by sinks in the agricultural soils and the land-use change and
forestry categories shall be added to, or subtracted from, the assigned amounts for
Annex I Parties […] and that an Annex 1 Party may choose to apply such a
Decision”.

Between the COP3 held in Kyoto in 1997 and the COP7 held in Marrakech in
2001, four years of intense negotiations on the LULUCF occurred for determining
the modalities, rules and guidelines for its accounting:

• Decision 9/CP.4 on LULUCF, adopted in Buenos Aires in 1998 (UNFCCC
1999);

• Decision 16/CP.5 on LULUCF, adopted in Bonn in 1999 (UNFCCC 2000);
• Decision 5/CP.6bis on LULUCF, adopted in Bonn in 2001 (UNFCCC 2001).

This Decision provided a good outline of the LULUCF modalities, rules and
guidelines (in Part VII) and introduced for the first time an ‘Appendix Z’ that
listed the levels of the ‘cap’ to be applied to ‘Forest Management’
(FM) activities under Article 3.4 of the KP (see explanations infra).

Finally, Decision 11/CP.7 was adopted in Marrakech; it compiled all the ele-
ments of the above-mentioned LULUCF Decisions (9/CP.4, 16/CP.5 and 5/CP.6)
and presented, in an annex, a draft CMP Decision containing detailed modalities,
rules and guidelines for the LULUCF accounting (UNFCCC 2002).

The elements of this annex were adopted without change in the Decision
16/CMP.1, four years later at the CMP1 in Montreal, 2005 (UNFCCC 2006).
Indeed, such a Decision, related to the Articles 3.3 and 3.4 of the KP, could only be
adopted by the CMP, which was created in 2005, after the KP’s entry into force.
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In parallel, the IPCC, following a political request from the COP and CMP and
under the technical guidance of the SBSTA, developed technical guidelines and
methodologies for reporting and accounting LULUCF emissions:

• Good Practice Guidance for LULUCF, often referred to as GPG-LULUCF 2003
(IPCC 2003);

• Volume 4—Agriculture, Forestry and Other Land Use (AFOLU) of the 2006
IPCC Guidelines for National GHG Inventories, often referred to as AFOLU
Guidelines 2006 (IPCC 2006).

These documents were based on the Revised 1996 IPCC Guidelines for
National GHG Inventories (IPCC 1996), the Good Practice Guidance and
Uncertainty Management in National GHG Inventories (IPCC 2000) and the
Special Report on LULUCF (IPCC 2000).

8.4 Materials and Methods

An ad hoc database on forest carbon stocks, as well as carbon and non-carbon
fluxes, has been created to make the estimations in this study. We used the most
recent data (Management Plans, ENVANIS—The Turkish FM Inventory System,
National Inventory Report for GHG, etc.) as well as future projections, in particular
the 2014–2017 Strategic Plan of General Directorate of Forestry (OGM 2012) and a
wide range of data/information communicated by various experts from the Ministry
of Forest and Water Affairs.

8.4.1 Upgraded LULUCF Rules

Since the start of the Kyoto Protocol, the forest sector has been more prominent in
the LULUCF accounting rules than the agriculture sector (NB: carbon stock changes
in agricultural soils are considered under the ‘LULUCF’ as part of the greenhouse
inventory, while CH4 and N2O emissions are considered under the ‘Agriculture’
part). This sector offers great mitigation potential: avoided deforestation and
degradation, sustainable FM, A/R, substitution of fossil fuel, carbon storage in wood
products and substitution of ‘grey energy’ in building and housing materials.

However, this mitigation potential has been poorly realized until now, due to
technical constraints related to the specific nature of LULUCF: high inter-/
intra-annual variability of forest growth and loss, vulnerability and non-permanence
of forest carbon and non-additionality of a certain part of the carbon sequestration.

Some political concerns also existed when the Kyoto Protocol was being
designed: lack of scientific knowledge and consensus on forest sinks, fear of
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dilution of efforts, agenda inversion between the creation of the LULUCF (in Kyoto
1997) and the setting of the precise LULUCF accounting rules (in Marrakech
2001).

The initial LULUCF accounting rules—in use for the first commitment period,
from 2008 to 2012—were established in Articles 3.3 and 3.4 of the Kyoto Protocol,
and further detailed in the Marrakech Accords in 2001. These LULUCF accounting
rules were upgraded in the recent climate talks (Cancun in 2010, Durban in 2011
and Doha in 2012) and will be used by Annex 1 Parties with binding commitments
for the second commitment period, which runs from 2013 to 2020.

The main features of these upgraded rules are as follows: (i) accounting for A/R
and deforestation under Article 3.3 is still mandatory (and ‘gross-net’), (ii)
accounting for FM under Article 3.4 is now mandatory (and ‘net-net’ with a cap of
3.5 % of 1990 total GHG emissions excluding LULUCF), (iii) accounting for
cropland management, grassland management, revegetation under Article 3.4 is still
voluntary (and ‘net-net’), and (iv) a new activity appears under Article 3.4: wetland
drainage and rewetting (voluntary and ‘net-net’).

For the specific case of Article 3.4 FM, accounting for carbon storage in HWP is
now possible, while emissions due to natural disturbances can be discounted, if
certain specific guidelines are followed. Forest GHG emissions and removals
accounting procedures under the Kyoto Protocol are based on the same reporting
requirements as under the Climate Convention: (i) estimating activity data and
emissions factor for different carbon pools (living biomass, dead organic matter, soil
organic carbon); (ii) respecting the principles of transparency, accuracy, precision,
completeness, comparability and consistency and (iii) using adequate Tier and
Approaches, according to a Key category analysis. However, LULUCF accounting
presents specific challenges, especially related to tracking land-use changes
according to the activities defined in Articles 3.3 and 3.4 of the Kyoto Protocol.

8.4.2 Issue Surrounding the Definition of Forest in Turkey

Turkey uses a national definition of forest in its annual submissions to the
UNFCCC. According to the Forest Law number 6831, the national definition of
forest is as follows:

All natural woody and shrub areas and all plantations are accepted as forest. But, reed
fields; steppes; bramble patches; parks; woody and shrub areas in cemeteries; areas which
are in private ownership and covered with exotic tree species […] all the woody areas
having less than three ha, all fruit tree and shrub areas […] including alder trees, chestnut
trees, stone pine trees and Turkish oak trees; olive groves, pistachio trees, mastic, and carob
trees; scrubs and maquis are not accepted as forests (OGM 1956).

However, a new definition of forest has to be used for calculations under
Articles 3.3. and 3.4. In accordance with the request made in Article 16 of the
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Annex to the Decision 16/CMP.1, the concept of forest has to be nationally defined
in line with three criteria: minimum area of land (0.05–1 ha), minimum tree crown
cover at maturity (more than 10–30 %) and minimum height at maturity (2–5 m).
A young forest yet to reach the minimum tree crown cover and/or height can be
included in this definition, as well as a temporarily unstocked forest (harvest,
natural cause).

8.4.3 Perimeter of the Cost Benefit Analysis

The UNFCCC and its KP are focusing on the GHG emissions and removal, but had
considered it interesting to estimate the impacts of policies and measures on other
forest amenities. In that context, the numbers used in calculating the total economic
value (TEV) mainly rely on Pak et al. (2010), with crosschecking of data from
Turker et al. (2005) and Ok et al. (2013). The definitions of the main components
are as follow (all definitions are extracted from Pak et al. (2010), with further details
if underlying quotations are used):

• Use value: Benefit that an individual obtains directly by directly using the
natural resource, e.g. values associated with outdoors recreation (Adamowicz
1995). Use values are divided into

– Direct use value: This includes consumptive uses, e.g. felling and hunting,
and non-consumptive uses, e.g. hiking, camping and boating (Fausold/
Lilieholm 1996);

– Indirect use value: This can be illustrated by reading books related to the
natural resource or watching television programs about wildlife (Fausold/
Lilieholm 1996);

– Option value: Value of a resource that will be possibly spoiled in the future
(Kula 1994);

• Non-use value: Value estimated for natural resources although they are not in
fact used. Non-use values are divided into

– Existence value: This is the value placed on an amenity even though indi-
viduals may never use or visit it; however, it is important for them to know
that it will continue to exist (Klemperer 1996; Condon/Adamowicz 1998);

– Bequest value: This refers to the willingness to pay to preserve some
resource for future generation (Klemperer 1996).

These different values have been estimated in Turkey using the valuation
techniques presented in Table 8.2.

8 Cost-Benefit Assessment of Implementing LULUCF … 101



T
ab

le
8.
2

V
al
ua
tio

n
te
ch
ni
qu

es
to

es
tim

at
e
th
e
T
E
V

of
fo
re
st
s

E
xt
er
na
lly

-v
al
ue

ty
pe

O
ut
pu

ts
V
al
ua
tio

n
te
ch
ni
qu

es
Ph

ys
ic
al

in
di
ca
to
rs

M
on

et
ar
y

in
di
ca
to
rs

us
ed

(€
)

Po
si
tiv

e
ex
te
rn
al
ity

D
ir
ec
t
us
e
va
lu
e

G
ra
zi
ng

Su
bs
tit
ut
e
go

od
s

Q
ua
nt
ity

of
fo
ra
ge

gr
az
ed

(F
U
)

Pr
ic
e
of

ha
y

In
di
re
ct

us
e
va
lu
e

C
ar
bo

n
se
qu

es
tr
at
io
n

Sh
ad
ow

pr
ic
e

N
et

ch
an
ge

of
ca
rb
on

se
qu

es
tr
at
ed

in
fo
re
st

bi
om

as
s
(t
C
)

Sh
ad
ow

pr
ic
e
of

ca
rb
on

O
pt
io
n
va
lu
e

Ph
ar
m
ac
eu
tic
al
s

R
en
t
ca
pt
ur
e

Pl
an
t
sp
ec
ie
s
(n
o.
)

M
ar
ke
t
pr
ic
e
of

ph
ar
m
ac
eu
tic
al
s

B
eq
ue
st
-E
xi
st
en
ce

B
io
di
ve
rs
ity

co
ns
er
va
tio

n
C
os
t-
ba
se
d
ap
pr
oa
ch

Pr
ot
ec
te
d
ar
ea

(h
a)

A
nn

ua
l
ex
pe
ns
es

fo
r
pr
es
er
vi
ng

bi
od

iv
er
si
ty

N
eg
at
iv
e

ex
te
rn
al
ity

E
ro
si
on

,
flo

od
s

an
d
la
nd

sl
id
es

C
ha
ng

e
in

pr
od

uc
tio

n
fu
nc
tio

n
(Q

ua
nt
ita
tiv

e
va
lu
at
io
n)

an
d
re
pl
ac
em

en
t

co
st
(m

on
et
ar
y
va
lu
at
io
n)

L
os
s
of

so
il
nu

tr
ie
nt
s
(t
)

C
os
t
of

fe
rt
ili
ze
rs

D
am

ag
e
ca
us
ed

by
fo
re
st
fi
re
s

R
es
to
ra
tio

n
co
st
/o
r
va
lu
e
of

da
m
ag
e

A
re
a
bu

rn
t
by

fi
re
s
(h
a)

C
os
t
of

re
st
or
at
io
n/
or

va
lu
e
of

w
oo

d

So
ur
ce

M
er
lo
/C
ro
ito

ru
(2
00

5)

102 O. Bouyer and Y. Serengil



8.5 Results and Discussions

8.5.1 Current Key Facts and Figures
About Turkey’s Forests

The Ministry of Forestry and Water Affairs (MFWW) stands as Turkey’s highest
authority in Forestry. It is primarily responsible (in terms of forestry) for refor-
estation, erosion control, range improvement, seedling production, protected areas,
national parks, wildlife, forest villages and research works. It has three General
Directorates (GDs) on Forestry, which have the following tasks and responsibilities:

• GD for Forestry (OGM-Turkish acronym) is the main unit for the FM. It has 27
Regional Directorates and 217 District Directorates at the field level;

• GD for Desertification and Erosion Control (ÇEM-Turkish acronym) holds the
primary responsibility for combating desertification and erosion of all classes of
land, particularly eroded or degraded areas;

• GD for Nature Conservation and National Parks (DKMPGM-Turkish acronym)
has been involved in the protection and conservation of Turkey’s forests and
their wildlife.

Forest research is under the responsibility of the Ministry’s Department of
International Relations, Training and Research Unit, which comprises eight
Provincial Research Institutes.

OGM is responsible for the management of 21.7 Mha of ‘forest land’ or about
27 % of Turkey’s total land area, but only about 53 % of the forests is designated as
‘productive’ forests, while the remaining 47 % is made up of ‘degraded’ or ‘un-
productive’ forests. Besides these areas, sizeable areas corresponding to more than
40 % of the country, such as rangelands in or around forests, shrub lands, maquis
shrub lands, and open alpine lands are considered part of the forest resources on
technical grounds. These resources are mainly located in mountainous areas (Haase
2011).

The OGM specifies six subcategories of forest: (i) coniferous (around 76 % of
the area of pure high forest), (ii) deciduous forest (around 24 %), (iii) productive
forest (more than 10 % forest cover; 53 % of the total forest area), (iv) degraded
forest (between 1 and 10 % forest cover; 47 % of the total forest area), (v) high
forests (80 % of the total forest area) and (vi) coppices (20 %). Total respective
areas are as given in Table 8.3. Several concerns have been raised about the
national definition of forest.

8.5.1.1 Managed and Unmanaged

According to OGM, “Public forests represent 99.9 % of the forests, and 100 % of
the Turkish forests are managed” (OGM 2012). 1 400 management plans are
currently conducted (duration of 10–20 years) on productive forests and
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10 272 000 ha of this area under management would be revised by 2020 for a
moderate cost, i.e. 5.42 TL/hato 28 TL/ha. A total of 55 ‘conservation forests’
(251 409 ha) are also considered as ‘managed’ forests by OGM (pers. com.
Mehmet Ceylan; FM and Planning Department of OGM, February 2014).

But, at the same time, protected areas, under the responsibility of the GD of
Nature Conservation and National Parks of the MFWW, are considered as being
‘unmanaged’ by OGM (Ibid), which highlights an issue about the common
understanding of ‘managed’ versus ‘unmanaged’ and a possible overlapping of
these definitions with ‘degraded’ versus ‘productive’ ones.

Various reports also mention the existence of ‘unmanaged forest’: (i) ‘4.1 Mha
of the total forests (19 %) comprising national parks, protected areas and other
kinds of abandonment areas that were separated as unmanaged (out of felling)
forests due to some conservative considerations’ (TurkStat quoted in National GHG
Inventory Report; NIR 2006), (ii) 0.9 Mha of ‘Primary Forests’ (reported under the
national classes 2.1 to 2.15) in the FAO FRA 2010 (FAO 2010), (iii) 2.2 Mha of
‘Protected areas, which include 41 national parks (898 044 ha), 39 nature parks
(79 928 ha), 31 nature reserves (46 575 ha), 79 wildlife reserves (1 201 032 ha)
and 106 natural monuments (4 323 ha)’ (Haase 2011). In total, these ‘unmanaged’
or ‘non-commercial’ forests could encompass 0.9 Mha, 2.2 Mha, or even 4.1 Mha.
This amount, and discrepancy in measurements, have some consequences in terms
of the GHG’s inventory;

8.5.1.2 Legal Boundary (Cadaster) and Technical Boundary
(Management Plan)

“When cadaster and boundary marking activities are completed, in the size of legal
forest areas is estimated to be crucial increments […] For example, a forest area
where cadastral studies completed like İstanbul and Tekirdağ shows a 10–40 %
increase in comparison with the forest area given in the management plans”
(National Forest Programme; NFP 2003). The cadaster deployment is still on-going
and the boundaries of FM plans are revised accordingly when they are renewed
(every 10–20 years) (com. pers. Selda PAS—GIS Division of Information System
Department of OGM, February 2014). Knowing that forest areas are regularly
monitored using the FM plans (compiled in the Forest Inventory and Statistical

Table 8.3 Shares of productive versus degraded, coniferous versus deciduous, high forests versus
coppices

Pure high forest Mixed high
forest

Total high
forest

Coppices Total %

Coniferous Deciduous

Productive 6 792 336 2 156 746 1 332 646 10 281 728 1 276 940 11 558 668 53

Degraded 4 983 059 950 319 1 045 486 6 978 864 3 140 602 10 119 466 47

Total 11 775 395 3 107 065 2 378 132 17 260 592 4 417 542 21 678 134

Source OGM (2012)
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Database; ENVANIS) and that these areas are used in the GHG inventory, such
revisions also have some consequences on the latter.

8.5.1.3 Private Afforestation

‘Afforestation and agro-forestry activities with poplar, salix, acacia and eucalyptus
species in private lands, boundary of cultivated lands and along the creeks by
villagers and farmers are in an important level. These plantations are generally
outside the forest regime and their annual timber production is estimated to be some
3.5 Mm3. […] Annual production from private sector poplar plantations and fast
growing species afforestation is more than 3.3 Mm3’ (NFP 2003). Considering the
lower value (3.3 Mm3/year) and a conservative assumption of volume increment
(Iv) of 10 m3/ha/year for these fast-growing species, private plantations would
cover at least 0.33 Mha of land in 2003. Reported values for private afforestation
are 24 237 ha in 2000 and 311 056 ha in 2007 (FAO FRA 2010). This last value
might better fit to the reality. As it is not clear by which method these private
plantations (poplar plantations on the one hand, considered as agriculture land in
Turkey; other private plantations on the other hand, considered as forest land in
Turkey) were considered in the GHG inventory, this lack of clarity also has some
consequences on the latter.

8.5.2 Historical Changes in Forest Areas

Two National Forest Inventories (NFI) were conducted, one in 1972 and one in
2004. Between these dates, the forest area increased by 0.99 Mha, i.e. +0.15 %/
year. After 2004, ENVANIS was created based on full forest cover type mapping
through 1/25 000 infrared aerial photos and a systematic sampling grid (300 m �
300 m) of circular plots ranging in size from 400 to 800 m2, depending on crown
cover. It compiles data from FM units and classifies stands according to three
criteria: species mix, crown closure and age classes. Therefore, it allows the cal-
culation of changes in area, volume increment and stock on a year-by-year basis.

It is possible to draw an historical data series of the ‘forest area’ (in line with the
national definition) using FAO FRA 2010 data for the years 1972 (NFI conducted
by OGM), 1996 (partial NFI conducted by OGM), 1999 (report on ‘Forests and
Turkish Forestry’ by Mr Konukçu), 2004 (NFI conducted by OGM) and 2004 to
2010 (ENVANIS data compiled by the OGM), and then adding the following land
use types:

• Forest Land (FL): Area > 0.5 ha; Tree height > 5 m; Tree canopy cover >
10 %; land predominantly under agricultural or urban land uses is not included.
This FAO definition of FL is equivalent to the national definition of ‘productive
forest’ (which can be high forest or coppice);
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• Other Wooded Land (OWL): Land not classified as forest; Area > 0.5 ha; Tree
height > 5 m; 5 % > Tree canopy cover > 10 %, or combined cover of shrubs,
bushes and trees > 10 %; land predominantly under agricultural or urban land
use is not included. This FAO definition of OWL is partially equivalent to the
national definition of ‘degraded forest’ (which can be high forest or coppice): as
the definition of degraded forest captures land with 1–10 % of tree cover, the area
of degraded forest is bigger than that of OWL (with tree cover between 5–10 %).

Estimates for 1973 through 1995 were possible through linear interpolation of
the data for 1972 and 1996. Estimates for 1997 through 2003 were possible through
linear interpolation of the data for 1996 and 2004. Changes in FL and OWL areas
from 1972 to 2010 are given in Fig. 8.2.

It is important to note that (i) the total forest area (FL + OWL) increased by 1.34
Mha between 1972 and 2010 and (ii) the FL area increased over the same time
frame, whereas the OWL area decreased. Assuming a theoretical linear trend, the
FL area would be 11.8 Mha by 2020 (compared with 8.9 Mha in 1972) and the
OWL area would be 10.1 Mha by 2020 (compared with 11.3 Mha in 1972). On
average, for 1990–2010, FL increased by 76 161 ha/year (conversion of OWL and
other land uses to FL by regeneration + plantations).

Fig. 8.2 Changes in FL and OWL areas (ha), 1972–2020. Source Bouyer (2014) based on
FAO FRA (2010)

Fig. 8.3 Area changes (%): High forest versus coppices, productive versus degraded from 2004 to
2011. Source OGM (2012)
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Focusing on forest area changes from 2004 to 2011 and using ENVANIS data, it
is important to note that (i) the area of coppices is decreasing whereas that of high
forests is increasing and (ii) the area of degraded forest is decreasing, whereas that
of productive forest is increasing. These changes are shown in Fig. 8.3.

8.5.3 Historical Rates of Afforestation and Reforestation

In the FAO FRA 2010, various types of A/R are considered but only a certain
percentage of each area is ultimately reported: 100 % for artificial regeneration,
80 % for public afforestation, 40 % for rehabilitation and erosion control, 20 % for
energy forest and 10 % of private afforestation. This ‘reclassification’, based on
expert judgements, aims to take three salient facts into consideration (com. pers.
Yücel Fırat—General Directorate of Desertification and Erosion Control and former
Lead Author for the FAO FRA 2010 report for Turkey):

• Some activities are reported for a given perimeter, but only part of it is effec-
tively reforested: i.e. hedges and small patches

• The rate of survivals depends on the type of plantations conducted, which in
turn depends on natural conditions, sometimes very difficult in Turkey: poor
rainfalls, degraded soils, etc.

• In the specific case of private afforestation, the reclassification rate is extremely
low (10 %), since trees are assumed to be planted in linear alignment, i.e. small
patches, hedges, etc., and therefore, private afforestation is assumed to be done
conducted on agricultural land.

OGM data series (compiling data from OGM, and AGM, but also other public
services and A/R made by the private sector) have been available since 1947 and
use the same categories as those used in FAO FRA 2010, apart for two categories:
(i) ‘artificial regeneration’ is reported under ‘afforestation’ by the OGM and
(ii) ‘range improvement’ is used by OGM but not the FAO categories; such areas
are instead reported under ‘erosion control’ in FAO FRA 2010.

Nonetheless, the two set of ‘reclassified’ data series are consistent: if ‘raw’ A/R
is 198 774 ha/year over 1990–2013 for OGM and 174 014 ha/year over 1990–
2010 for FAO, then ‘reclassified’ A/R is 87 512 ha/year over 1990–2013 for OGM
and 81 996 ha/year over 1990–2010 for FAO. Thus, a difference of slightly less
than 7 % exists between the two data series, in favor of OGM. In addition, as OGM
data series are complete over time and documented by various archives, these data
series are used in our calculations. Figure 8.4 depicts the reclassified A/R, using
two different scales: one for rehabilitation and one for the other types of A/R.

“According to a survey conducted by AGM in 1999–2000, potential areas for
afforestation, erosion control and range improvement are 2.4 Mha, 1.4 Mha and 0.8
Mha, respectively, (total 4.6 Mha)” (NFP 2003). From 2000 to 2013, according to
quoted (and reclassified) data from OGM 2014, around 0.617 Mha have been
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covered by the mentioned activities. This means that approximately 4 Mha may still
be covered by the mentioned activities.

NB: Areas of ‘other land with tree cover’ (land not classified as FL or OWL;
Area > 0.5 ha; Tree height > 5 m; Tree canopy cover > 10 %, consisting mainly
of fruit trees and olive trees in Turkey) are mentioned for years 1990, 2000, 2005,
2006, 2007, 2008 and 2010 in the FAO FRA 2010. However, (i) it is mentioned
that fruit and olive tree areas were only recorded for three years, namely 2000, 2005
and 2010 by TurkStat (2013), and (ii) the national definition of forest excludes these
fruit trees. For these reasons, in the rest of the study, these fruit trees will not be
considered in the forest sink assessments.

8.5.4 Harvests and Damage in Managed Forests

As can be seen in Fig. 8.5, harvests were high in the 1970s (above 20 Mm3, roughly
75 % firewood). From there, it decreased to its lowest level at the beginning of the
2000s (12.5 Mm3/year in 2001), before rising again through the present day. It is
worth noting that firewood harvests fell steadily, whereas industrial round wood
harvests, which had remained stable from the 1970s to the 2000s (around 7 Mm3/
year), showed a sharp increase afterwards.

The main explanations for these trends are as follows. For industrial round
wood, “Demand for industrial wood in Turkey is steadily increasing, mainly to
meet the needs of the construction industry […] Imports of forest products (ex-
cluding wood furniture) was about 1 200 MUS$ in 2007 and by far exceed exports
(US$ 455 MUS$)” (Haase 2011) for firewood, numerous reports point out the
massive rural exodus, which can explain the decrease in demand. ‘Firewood is
assumed to be harvested only in productive forest and no harvesting of industrial
round wood is reported for degraded forests’ (NIR 2013).

Fig. 8.4 Changes in A/R (ha/year) from 1990 to 2013. Source Bouyer (2014) based on OGM
(2014)
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During 2007–2011, the average total harvest was 17.2 Mm3 (45 % of the total
volume increment, according to ENVANIS data 2014), made of 77 % coniferous
and 23 % deciduous. This could be divided into 69 % industrial round wood and
31 % firewood. After firewood, logs (third quality for 98 % of the volume) are the
main product (29 % of the total harvest, of which 18.5 % is coniferous and 5.5 % is
deciduous), followed by fiber chips (23.8 %) and pulp wood (12 %). The remaining
products (electric poles, mining poles, small logs, etc.) are marginal (8.2 %) (Wood
Marketing Division of OGM 2014).

Turkey is a Mediterranean country and wildfires are very common except in
winter. “With the semi-arid conditions found in much of the country, forest fires are
a major threat. Most of the forest fires in Turkey occur between June and October:
the majority of them are the result of human activities. Most are caused by human
negligence or carelessness though a significant number are caused by intentional
human interventions (clearing for agricultural land and settlement areas). OGM has
developed a nation-wide forest fire management system” (Haase 2011).

“The coastal belt, which extends fromAntakya to Istanbul in the North is regarded
to be the region most at risk from fires, and nearly 12 Mha of forests in the area are
vulnerable. The majority of forest fires are human induced, less than 2 % being
attributable to natural factors About 40 % of these are high intensity crown fires that
destroy most of the biomass; 60 % are ground-fires whereby about 55 % of the
biomass is destroyed […] The annual frequency offires has increased since 2004 and
is expected to increase further as a consequence of climate change” (UNDP 2011).

Figure 8.6 presents historical data regarding forest fires (extracted from the
forest fires database of the OGM’s Forest Fire Department). NB: Since the fire
monitoring system was changed in 2005 to enable better recording of forest fires,
data before 2005 may be underestimated (pers. comm. Uğur Baltaci; Meteorology
Division of Forest Fire Department of OGM, February 2014).

High levels of variability can be observed for both number of fires and area per
fire. Comparing the average area burned, number of fires, and area per fire for the

Fig. 8.5 Annual harvest (industrial round wood and firewood) in thousands of m3 from 1976 to
2011. Source OGM (2014)
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periods 1990–2000 and 2000–2012 reveals a decreasing trend in terms of burned
area (−390 ha/year), area per fire (−0.4 ha/year), and number of fires
(−6.2 fires/year) (Table 8.4).

As most fires are illegal, scattered over a huge territory and therefore difficult to
control, it seems reasonable to assume that the number of fires will further increase
according to the fast-changing natural conditions: “One of the most important
effects of climate change is the recent and possible future increase in the intensity,
duration and extent of forest fires in Turkey. As a natural result of the
Mediterranean climate, hot and dry summers are dominant across Turkey, except
for the Black Sea Region and Northeast Anatolia. When decreasing trends of
precipitation since the early 1970s are taken into account, like the hot and dry
summers in 2007 and 2008 in many regions, the increased probability and severity
of forest fires is likely to be an important problem” (NC5 2013).

In 2013, 3 755 fires and 11 456 ha of burned areas were recorded, giving an
average of 3.05 ha/fire. 27.8 % were ground fires (mainly on Pinus brutia, with few
damages) and 72.2 % were crown fires (with big damages, especially for coniferous
forests, that do not reshoot) (pers. comm. Uğur Battacı; Meteorology Division of
Forest fire Department of OGM, February 2014).

One other major source of damage concerns the insects. Two major insect
outbreaks in terms of affected areas can be identified. The first is an infestation of
Thaumetopoea pityocampa (Schiff.), which spread over 2 204 000 ha of Pinus
brutia ten and Pinus nigra (Arnold.) between 1997 and 2001. The next most severe
infestation was caused by Dendroctonus micans (Kug.), which spread over

Fig. 8.6 Number of fires and area per fire (ha) from 1990 to 2012. Source OGM (2014)

Table 8.4 Changes 90/00 versus 00/12: burnt area (ha), number of fires and area (ha) per fire

Area (ha) Number Area (ha/fire)

Average 1990–2000 14 128 2 022 6.6

Average 2000–2012 9 834 2 090 4.6

Change 90/00 etc. 00/12 −4 294 68 −3.9

Annual change* −390 6.2 −0.4

Source OGM (2014)
*Over 11 years, using 1995 as the “central” year for the 90/00 period and 06 as the “central” year
for the 00/12 period
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990 000 ha of Picea orientalis (L.) between 1996 and 2001 (FAO FRA 2010).
Compared with fires and insects, both diseases as well as abiotic factors appear
marginal in terms of afforestation.

8.5.5 Projections for A/R and D Activities (Article 3.3)

The OGM strategic action plans aim at increasing the forest cover to 30 % of the
country (i.e. 23.5 Mha) by 2017. It foresees reaching the following milestones
between 2013 and 2017: 500 000 ha of rehabilitation (obj. 2.2); 75 000 ha of
natural regeneration (obj. 2.3); 65 000 ha of artificial regeneration (obj. 2.3);
150 000 ha of public afforestation (obj. 2.6); 50 000 ha of private afforestation
(obj. 2.6); 393 400 ha of erosion control (obj. 2.8) and 50 000 ha of range
improvement (obj. 2.8).

If we compile these figures and apply the same rates of reclassification as pre-
viously presented, then the 256 800 ha/year of ‘raw’ A/R foreseen by OGM over
2013–2017 would convert into 122 872 ha/year of ‘reclassified’ A/R over 2013–
2017. Considering an ‘informal’ objective of 50 000 ha/year of ‘raw’ A/R after
2017 to 2020 (as expressed by the participants of the inception workshop to this
study, February 2014), which would convert into 23 925 ha/year of ‘reclassified’
A/R over 2018–2020, we can project A/R rates of A/R up to 2020: the 1990–2020
average would then be 83 509 ha/year.

To prepare the specific LULUCF calculations, we then assume that A/R species
are selected in accordance with the current forest composition, i.e. 81.3 % of
coniferous and 18.7 % of deciduous in pure high forests (according to ENVANIS
2014), and that they are distributed into two main management types: extensive
(rehabilitation, erosion control, range rehabilitation and energy forest) and intensive
(public and private afforestation).

These data and calculations thus yield four data series over 1990–2020: A/R ext,
con = 49 069 ha/year, A/R int, con = 18 816 ha/year, A/R ext, dec = 11 294
ha/year, A/R int, dec = 4 331 ha/year. Cumulative A/R would then be 2 588 794 ha
over 1990–2020. Knowing that the forest area (according to FAO definition) was
11 559 261 ha in 2011 (ENVANIS 2012) and 9 679 614 ha in 1990 (FAO FRA
2010), the net increase of forest cover was 1 879 647 ha over this period, or 85 439
ha/year if divided by 22 years. Knowing that the cumulative area of A/R (calculated
previously) is 1 909 908 ha over the same period, i.e. 86 814 ha/year, then the
difference 86 814 ha/year – 85 439 ha/year = 1 376 ha/year can be estimated as the
amount of deforestation that occurred over this time frame.

As ENVANIS does not record deforestation area, even if OGM staff generally
recognizes its existence, we then apply this amount of deforestation conservatively
over the remaining period, 2012–2020. Figure 8.7 shows the resulting calculations.
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8.5.6 Projections for FM (Article 3.4)

To prepare the specific LULUCF calculations, we estimate data series covering
1990–2020 for the main forest types to be considered under 3.4 FM. The estimation
procedure entails the following four steps:

• Area of 3.4 FM. According to Articles 3.3 and 3.4 of the Kyoto Protocol,
deforestation occurring after December 31, 1989 should be accounted for under
Article 3.3. We then estimate the area to be considered under 3.4 FM by
deducting deforestation from the initial 9 679 614 ha of forest found in 1990.
Therefore, the area considered under 3.4 FM is 9 638 348 ha in 2020, with 41
266 ha deducted from the initial area equal to the deforestation over 1990–2020.
We thus have a complete 1990–2020 data series for the 3.4 FM area;

• Area of the forest. We interpolate the 1990–2002 data for the forest area using the
FAO FRA data for 1990 and ENVANIS data for 2002. We estimate the data
series 2013–2020 for the forest area by adding the net A/R = A/R − D over year,
starting in 2012 to produce a complete forest area data series for 1990–2020;

Fig. 8.7 Estimated 1990–2020 data series for 3.3 A/R and 3.3 D. Source Bouyer (2014)

Fig. 8.8 Estimated 1990–2020 data series for forest area (ha), by forest types. Source Bouyer
(2014)
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• Areas of the main forest types. The three main forest types identified in
ENVANIS are high forest coniferous, high forest deciduous and coppices.
Using the data series for these three forest types over 2002–2012, we extrapolate
these data series back to 1990 and forward to 2020. This yields complete data
series for 1990–2020 for forest type areas. The result is shown in Fig. 8.8.

• Areas of 3.4 FM disaggregated by main forest type. This step was conducted
using the rule of three as follows: area of 3.4 FM forest type A = area for forest
type A � (area for 3.4 FM/area for forest), we have complete data series 1990–
2020 for 3.4 FM forest type areas. Figure 8.9 shows the results of these
calculations.

Using the estimates for D (in tdm/m3) and BEF1 (dimensionless) for the main
forest types, and the stocks (in m3/ha) reported in the NFI for 1972 and 2004 (useful
only for coppices, as the NFI 1972 and 2004 did not specifically report stocks and
areas for coniferous and deciduous forests) as well as the ENVANIS database for
2011, we estimate the stocks (in td m/m3) using the following equation: S
(tdm/ha) = S(m3/ha) � D � BEF1. Table 8.5 shows the results.

Fig. 8.9 Estimated 1990–2020 data series for 3.4 FM area (ha), by forest types. Source Bouyer
(2014)

Table 8.5 Estimates of stocks (in tdm/ha) for the three main forest types

NFI NFI ENV Default value
Table 3A. 1.2 (GPG
2013).

Value
retained1972 2004 2011

S (m3/ha) in Hfcon
(ENVANIS)

121.6

S (tdm/ha) in Hfcon 56.2 134 56.2

S (m3/ha) in Hfdec
(ENVANIS)

145.6

S(m3/ha) in Hfdec 100.6 122 100.6

S (m3/ha) in Cop
(ENVANIS)

33.0 41.9 41.0

S (m3/ha) in Cop 17.7 22.5 22 128 18.8

Source Bouyer (2014)
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We compare our calculated values with the default values provided in
Table 3A.1.2 of the GPG LULUCF 2003 for coniferous, deciduous and mixed
forests older than 20 years in temperate regions. All the default values are above
(well above for coniferous and mixed forests) the country-specific values, which is
understandable knowing that Turkish forests are quite degraded. We therefore
retain the country-specific values.

We next used these estimated stocks together with the estimated data series of
3.4 FM areas for the three main forest types to estimate the 1990–2020 data series
for average Turkish forest stocks, taking into account the respective stocks and
evolution of the three main forest types. The results are shown in Fig. 8.10. Note
that the average stock amount is estimated to increase by 24 % from 1990 (50.1
tdm/ha) to 2020 (66.1 tdm/ha), i.e. 0.8 %/year.

8.5.7 Projections for Harvests

The following analysis will mainly focus on 3.4 FM. Indeed, A/R harvests made
after December 31, 1989—to be considered under 3.3 A/R—are very limited: the
first thinning comes only after 15–20 years and only 15–40 % of the trees are
harvested (personal Communication, Uğur Tüfekçioğlu; Head of the Forest
Maintenance Division of OGM, February 2014). Therefore, the calculations made
for 3.3 AR include a uniform thinning of 20 % of the trees after 15 years, which
appears to be a conservative assumption.

Returning to 3.4 FM, the following analysis considers two options:

• Extensive scenario. Considering only the effective thinning of forests, then
according to management plans prescriptions, a 25 Mm3 increase of total round
wood production would be possible by 2020, according to OGM. This would
imply an intermediate objective of 21 Mm3 by 2017 (personal Communication,
Ramazan Bali; Head of Wood Marketing Division, February 2014);

• Intensive scenario. According to theOGMStrategic Plan 2013–2017, the previous
Strategic Plan 2010–2014 was intended to increase industrial round wood pro-
duction byOGM to 90Mm3 over 2010 and 2014 (i.e. 18Mm3/year). However, the
production fell short of this objective. Even though no specific figures are given in

Fig. 8.10 1990–2020 data series of the average stocks (tdm/ha) in Turkish forests. Source Bouyer
(2014)
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the OGM 2013–2017 Strategic Plan, the same increase (18 Mm3/year) is still
predicted for 2013–2017 (personal. communication. Alper Tolga Arslan; Head of
Strategic Planning and Research Strategy Division, Department of Strategic
Development of OGM, February 2014). This figure is not included in the current
Strategic Plan because production will ultimately depend on market conditions,
and OGM staff did not want this objective to be set in stone.
In the extensive scenario, we estimate the following:

• Firewood. Illegal harvests, private sector production and consumption are
assumed to follow linear trends (extrapolation from the respective historical data
series). Import–export, already very reduced, is assumed to be nil. Then, we
would assume that OGM harvests of firewood are set to match consumption.
The OGM firewood harvest would then be 2.6 Mm3/year by 2020. Figure 8.11
shows these projections (expressed in thousands of m3/year).

• Round wood. Illegal harvests and private-sector production are assumed to
follow linear trends (extrapolation from the respective historical data series).
OGM harvests are supposed to be 21 Mm3 in 2017 and 25 Mm3 in 2020
(harvests for the years are estimated by interpolation). Total production is cal-
culated as illegal harvest + private sector + OGM. Consumption is also
assumed to follow a linear trend (extrapolation from the historical data series).
Import–export is then estimated by deducting production from consumption.
Figure 8.12 shows the projections (expressed in thousands of m3/year).

Fig. 8.11 2020 projections of firewood production and consumption in the extensive scenario.
Source Bouyer (2014)

Fig. 8.12 2020 projections of round wood production and consumption in the extensive scenario.
Source Bouyer (2014)
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• Industrial round wood. Private sector production is assumed to also follow a
linear trend (extrapolation from the respective historical data series). Illegal
harvests are assumed to be nil (as already assumed by OGM). The OGM harvest
of industrial round wood amounts to the difference between its total harvest and
its firewood harvest. Consumption of industrial round wood is calculated as the
difference between total consumption and firewood consumption. Production is
estimated by adding OGM production and private sector production. Import–
export of industrial round wood is equal to total import–export (import–export
of firewood being nil). Figure 8.13 shows the projections (expressed in thou-
sands of m3/year).

In the intensive scenario, we estimate the following:

• Firewood. This subscenario is the same as in the extensive scenario (increased
production does not impact domestic demand, which is inelastic to the supply);

• Round wood. Assuming OGM harvests 90 Mm3 of industrial round wood from
2013 to 2017, OGM production of industrial round wood is estimated to
gradually increase, from 14.7 Mm3 in 2013 to 16 Mm3 in 2014, 18 Mm3 in
2015, 20 Mm3 in 2016 and 21.3 Mm3 in 2017 (90 Mm3 in total). After that, we
assume the same trend will continue up to 26.4 Mm3 by 2020.

By knowing OGM production levels of industrial round wood and firewood, its
total production of round wood can be calculated. Then, assuming that private
sector production of round wood follows a linear trend (extrapolation from the
historical data series) and knowing that the illegal sector production of round wood
is equal to its production of firewood, the total production of round wood is known
through the following calculation: levels of production of OGM + private
sector + illegal harvest.

Then, assuming that the consumption of round wood will also follow a linear
trend, import–export is calculated by subtracting consumption from production. It is
worth noting that, under this intensive (and ambitious) scenario, Turkey is assumed
to be a net exporter of round wood. Figure 8.14 shows the projections (expressed in
thousands of m3/year):

Fig. 8.13 2020 projections of industrial round wood production and consumption in the extensive
scenario. Source Bouyer (2014)
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• Industrial round wood. Estimated OGM production of industrial round wood
follows the scenario presented above (Sect. 5.7). Import–export of industrial
round wood is equal to total import–export (with import–export of firewood
being nil). Private-sector production of industrial round wood is calculated as
the difference between total harvest and firewood harvest. Consumption of
industrial round wood is calculated as the difference between total consumption
and firewood consumption. Production is estimated by totaling OGM produc-
tion and private sector production. Figure 8.15 presents these projections (ex-
pressed in thousands of m3/year):

Having estimated two 1990–2020 data series for round wood production for
OGM, one extensive (25 Mm3/year by 2020) and one intensive (29 Mm3/year by
2020, 4 Mm3/year more compared with the other). We then allocate this harvest
among the three main forest types.

Indeed, we know the permitted cut for 2002–2012 (ENVANIS 2013), which is
divided among high forest coniferous and high forest deciduous (99.9 % of
industrial round wood; therefore, firewood harvests in high forest areas are
neglected order to simplify the calculations) on the one hand and coppices (100 %

Fig. 8.15 2020 projections of industrial round wood production and consumption in the intensive
scenario. Source Bouyer (2014)

Fig. 8.14 2020 projections of round wood production and consumption in the intensive scenario.
Source Bouyer (2014)
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of firewood) on the other hand. We also estimate a 3 % difference in average over
2002–2012 between allowable cut and real cut (the last one being lower), and we
therefore assume the two are equal to simplify the calculations.

Next, we extrapolate the shares (in %) of total harvest for the three main forest
types for 1990–2001 and 2013–2020 using 2002–2012 ENVANIS data. Then, we
allocate the estimated 1990–2012 data series for harvests using the estimated per-
cent of harvest for each forest types. Figures 8.16 and 8.17 show the results (ex-
pressed in thousands of m3/year):

At the inception workshop to this study, a debate arose about the development of
bioenergy and its possible impact in terms of harvests. Indeed, in addition to the use
of ‘traditional’ firewood by forest villagers and the rural population in general,
some documents point to the potential development of pellets for use in industrial
power plants.

• “As a result of the wood energy initiatives, it may increase again in the future
[…] wood energy activities have been further encouraged within the framework
of the adaptation and mitigation efforts for climate change. For this purpose,
OGM experts prepared a report on ‘The Status of Forest Biomass in Renewable
Energy’ […] and OGM organized a workshop on ‘Forest biomass and bioen-
ergy’” (Haase 2011). During this workshop held in Kastamonu, in February
2010, the OGM declared that ‘we expect that much of the extra 5 Mt/year of

Fig. 8.17 2020 projections of harvest per forest types in the intensive scenario. Source Bouyer
(2014)

Fig. 8.16 2020 projections of harvest per forest types in the extensive scenario. Source Bouyer
(2014)
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production will be available as forest residues fuel’ (Flyer Kastamonu 2010). It
is difficult to use this last figure since it is expressed in relative terms (‘extra’)
and since the ‘baseline’ level is not specified;

• The 2020 projection for final energy consumption (BALANCE) presented in the
First National Communication (NC1 2007), assumes that the share of renewable
energy will increase from 6.9 to 9.3 Mtoe and that the share of woody biomass
is expected to decrease from 5.7 to 3.9 Mtoe, e.g. 8.58 Mtdm in 2020 (using a
usual conversion factor of 2.2 tdm/toe).

Using this last official projection and considering the assumptions already pre-
sented (see default values for the BCEF from Table 5.4 of the FAO FRA 2010
Guidelines), the firewood harvest in 2020 can be estimated for the main forest
types: 6.73 Mm3 (8.58 Mtdm � 59 % � 1.33 tdm/m3) in coniferous forests; 1.55
Mm3 (8.58 Mtdm � 19 % � 0.95 tdm/m3) in deciduous forests and 2.25 Mm3

(8.58 Mtdm � 23 % � 1.14 tdm/m3) in mixed forests. In total, the BALANCE
projection leads to a total firewood harvest of 10.53 Mm3/year in 2020, i.e. 67 %
more than the projections made under either the intensive or extensive scenario.

According to inception workshop participants, the BALANCE projection is no
longer pertinent. Indeed, the Scientific and Technological Research Council of
Turkey (TÜBİTAK) conducted a feasibility study into the development of an
industrial biomass plant. This study concluded that electricity production from
forest biomass is only feasible for plants over 20 MW. But OGM realized it is not
logistically or economically feasible to provide such large amounts of biomass.
OGM was initially looking for plants of one to two MW. Therefore, the pilot plant
discussed in the TÜBİTAK project was not installed and the objective of devel-
oping an industrial biomass value chain was abandoned.

8.5.8 Biotic and Abiotic Damage

We can consider the consequences of these damage types on biomass growth, on
the one hand, and biomass loss, on the other hand:

• Biomass growth: As the growth of productive forest area affected by all biotic
(pests and diseases) and abiotic (storm, avalanche, snow, flooding and forest
fire) damage is reported together with the growth of the non-affected areas in
ENVANIS, the decrease of forest growth due to these damage types is captured
in the historical ENVANIS data series;

• Biomass loss: As explained previously, salvage logging is conducted for most
abiotic and biotic damages (excluding forest fires). Therefore, for these damage
types, feeling and/or firewood (biomass loss) is already incorporated in
ENVANIS and Wood Marketing Department data series.

Therefore, this study only concentrates on the projection of forest fires through
2020 to estimate the related biomass loss. This exercise is difficult and subject to
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discussion since some of the factors determining the impact of forest fires can be
controlled, whereas other cannot. For instance:

• The number of forest fires started due to negligence might be reduced by
increasing information and prevention measures, but such measures will have
limited effect on criminal forest fires;

• The ability to stop forest fires in the crucial first 20 min can be improved using a
real-time fire alert system (as does OGM) and making sure the firemen arrive on
site as fast as possible;

• Whatever efforts are made in terms of prevention, measures such as a fire alert
system, forest firefighting equipment, etc. will not enable the avoidance of large
forest fires if natural conditions are conducive (e.g. firemen often refer to the
rule of the ‘3 � 30’: when air humidity is below 30 %, wind speed above
30 km/h, and ground temperature above 30 °C, there are few chances to stop a
forest fire).
This being said, we forecast future forest fire trends as follow:

• Area per fire: The average area is 4.6 ha/fire over the period 2000–2012. This
rate could be reasonably decreased to 2.5 ha/fire by 2020 (personal
Communication, Uğur Battaci, Meteorology Division of Forest fire Department
of OGM, February 2014, corroborated by personal communication, Alper Tolga
Arslan, Head of Strategic Planning and Research Strategy Division, Department
of Strategic Development of OGM, February 2014). Then, the area per fire for
the period 2013–2020 can be interpolated using 4.6 ha/fire as a reference value
in 2012 and 2.5 ha/fire as an objective by 2020;

• Number of fires: The number of fires between 2013–2020 is set equal to the
average over 2000–2012, i.e. 2 072 fires/year.

• Area burned: The burned area is equal to area per fire � number of fires.
A decreasing trend can be identified, up to 5 180 ha in 2020. The average over
2013–2020 is 7 063 ha, which is 28 % below the average during the 2000–2012
period (9 834 ha). This projection seems ambitious, but considering the pro-
gress made by OGM’s Forest Fire Fighting Department over the last two dec-
ades, it seems achievable.

8.5.9 Accounting Carbon Credits for 3.4 FM

Having calculated the required values, we can now estimate net removals including
HWP for the 1990–2020 time series for the two scenarios. The results are shown in
Fig. 8.18, expressed in MtCO2eq/year of net removals.

Based on these results and considering the upgraded LULUCF accounting rules
for Article 3.4 FM as well as the Synthesis Report of the Technical Assessments of
the FM Reference Level (REL) Submissions published in November 2011 by the
UNFCCC Secretariat, we can envisage five different possible interpretations for the
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elements of footnote 1 in Annex of 16/CMP.1 in order to set the REL for Article 3.4
FM in Turkey.

Five proposed RELs are possible (Table 8.6). In particular, a 2020 projection
based on the intensive scenario in terms of harvest rate would be defensible since it
was publicly announced before 2009, during the preparation of the OGM Strategic
Plan 2010–2014: as such, this harvest rate can be considered part of the projected
REL (see elements of footnote in Annex of 16/CMP.1).

8.5.10 Accounting Carbon Credits for 3.3 A/R/D

The previous calculations can also be used to estimate net removals due to A/R and
D for the 1990–2020 time series. The results are shown in Fig. 8.19, expressed in
MtCO2eq/year of net removals.

Fig. 8.18 1990–2020 net removals in 3.4 FM area under intensive vs extensive scenarios. Source
Bouyer (2014)

Table 8.6 Five different RELs for Article 3.4 FM in Turkey and numerical consequences

All numbers
in MtCO2eq

Number of
Annex 1
Parties

Corresponding Difference if Removal Units

Choice of
REL

REL in
Turkey

Int.
Scen.

Ext.
Scen

Int.
Scen

Ext.
Scen

2020
projections

31 (incl. 24 EU
States)

−235.7 0.0 −46.5 – 46.5

Historical
1990

3 (Belarus,
Norway,
Russia)

−157.0 −78.7 −125.2 52.8 52.8

Average
1990–2009

1 Greece −176.2 −59.5 −106.0 52.8 52.8

Linear trend
1900–2008

2 (Cyprus and
Malta)

na (no linear trend) – –

0 1 (Japan) 0 −235.7 −282.2 52.8 52.8

1990 GHG emissions in Turkey
excl. LULUCF (tCO2eq/yr)

188.4 Cap of
3.5 %

−52.8

Source Bouyer (2014)
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Based on these results and considering the upgraded LULUCF accounting rules
for Article 3.3 ARD, 119.4 million of RMUs would be generated under this Article
between 2013 and 2020. According to Article 3.3, an estimated 119.4 million of
RMUs will be generated between 2013 and 2020, which is more than two times the
maximum amount of RMUs to be generated under Article 3.4 FM.

8.5.11 Operation and Transaction Costs

The operation and transaction costs associated with Article 3.3 and Article 3.4 were
estimated using the following approach:

• For Article 3.4, operation costs are equal to FM costs, which converts to 14.6
US$/RMU. If the REL is projected, then an additional 52.1 US$/RMU of
opportunity cost for reduced felling has to be added, totaling 66.7 US$/RMU;

• For Article 3.3, the operation cost comprises plantation costs (for years 1 to 4)
and FM costs (from year 5 onward) and amounts to 86.4 US$/RMU;

• For Article 3.3 and Article 3.4, transaction costs mainly comprise upgrading the
current LULUCF inventory. They are assumed to be marginal, around 1.2 MUS
$ in total as most of the data sources are already available and the main efforts
required are in terms of human resources. Transaction costs would therefore
range from 0.01 to 0.007 US$/RMU.

8.5.12 Quantification of Non-carbon Benefits

The most recent estimates for the TEV of Turkish forests are given in Table 8.7.
Comparing these values with other existing estimates is quite difficult since these

other estimates were either classified by economic agents (e.g. percent of GNP for
the state, wages for the forest workers, and revenue and forest livelihood for the
forest villagers) or were not based on the same perimeter (e.g. most of the estimates

Fig. 8.19 1990–2020 net removals due to A/R and D. Source Bouyer (2014)
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for NWFPs are only considering the OGM revenue and not the overall revenue for
OGM + middlemen + forest villagers). These discrepancies highlight the crucial
need to try, as much as possible, to use common terminologies and assumptions
when valuing forest amenities.

Accordingly, if we compare the data from Pak et al. (2010) with other data sets,
we can determine the following amounts:

• Wood-based products: This estimate (roughly 1.17 trillion US$/year) is con-
siderably higher than the values of 0.45 trillion US$/year from Bann/Clemens
(2001), quoted in Türker et al. (2002, 2005), as well as the value of 0.86 trillion
U$/year from Ok et al. (2013). Indeed, this estimate is more recent (more felling
occurred than that in 2001, explaining the difference with Bann/Clemens
(2001)) and considers a larger perimeter than the sole OGM wood-based
products (existence of private felling explains the difference with Ok et al.
(2013)). It therefore appears reasonable to use this estimate.

Table 8.7 Disaggregation of the TEV of the Turkish forests

TEV components Type of outputs Value (US $)
per year

%

Direct use values Wood based forest
products

1165178097.46 68.35

Non-wood forest
products

454292.02 0.03

Grazing 225000000.00 13.20 84.03

Hunting 35948500.00 2.11

Recreation 5950000.00 0.35

Indirect use values Carbon storage 158400000.00 9.29

Option value Pharmaceuticals 112500000.00 6.60

Non use values Existence value (to
converse
biodiversity)

1380000.00
1704810889.48

0.08

Positive TEV
components

1704810889.48 100.00

Negative
externalities

Erosion −125000000.00 93.56

Risk of damage by
forest fires

−8607537.00 6.44

Negative TEV
components

−133607537.00 100.00

Net total economic
value of Turkish
forests

1620459352.58

Source Pak et al. (2010)

• NWFPs: This estimate (roughly 0.45 MUS$/year) appears extremely low
compared with 86 MUS$/year from Bann/Clemens (2001), quoted in Türker
et al. (2002, 2005). It is roughly three times less than the 1.35 MU$/year from
Ok et al. (2013), but this latter one may itself be an underestimate since it
considers only OGM revenue.
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For these reasons, it appears preferable to use the latest estimates produced by
the NWFPs Division of OGM of roughly 335 MTL in 2012 and 514 MTL in 2013,
considering OGM revenue + middlemen revenue + forest villagers’ revenue. Once
averaged and converted in US$, it affords 195 MUS$/year;

• Hunting: This estimate, roughly 35.9 MUS$/year, includes both hunting and
fishing activities. The estimates in Bann/Clemens (2001), quoted in Türker et al.
(2002, 2005), are of the same order of magnitude: 17.8 MUS$/year for hunting
and 20.1 MUS$/year for fishing, i.e. 37.9 MUS$/year in total. Since the estimate
from Pak et al. (2010) is of the same order of magnitude and more recent, this is
the one that will be used;

• Recreation: The estimate, roughly 5.9 MUS$/year, is three times less than the
sole official revenue from national parks (33.4 MTL in 2012, i.e. 15.4 MUS$/
year), according to Ok et al. (2013). Since this last estimate is conservative (it
does not include the recreational value of forests outside National Parks) and
official, this is the one that will be used;

Table 8.8 Revised disaggregation of the TEV for Turkish forests, according to the above data
sources and calculation methods

TEV components
(US $) per year

Type of outputs Value Source %

Direct use values Wood based forest
products

1 165 178 097 Pak et al. (2010) 66.6

NWFPs 195 359 161 OGM (2014) 11.2

Grazing 225 000 000 Pak et al. (2010) 12.9

Hunting 35 948 500 Pak et al. (2010) 2.1

Recreation 15 373 881 OGM (2013) 0.9

Indirect use value Carbon storage (treated in Parts 4.1 and 4.2 supra)

Option values Pharmaceuticals 112 500 000 Pak et al. (2010) 6.4

Nonuse values Existence value (to
converse biodiversity)

1 380 000 Pak et al. (2010) 0.1

Positive TEV components 1 750 739 640

Negative externalities Erosion −125 000 000 Pak et al. (2010) 94

Forest fires −8 607 537 Pak et al. (2010) 6

Negative TEV components −133 607 537

Net total TEV of forests (excl. C. storage)
in US $/year

1 617 132 103

Average area of productive forest in 2010–2013
in ha

11 374 414

Net total TEV of forests (excl. C. storage)
in US $/year/ha

142

Source The authors
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• Carbon storage: This value has been reviewed according to the IPCC (2013b)
inventory guidelines and Kyoto accounting rules;

• Other values and costs: This category includes activities such as grazing and
pharmaceutical values, as well as the erosion and forest fire costs, which are the
same as in Pak et al. (2010), and Bann/Clemens (2001), quoted in Türker et al.
(2001, 2005). Given the lack of other sources of data for these elements, we use
these estimates.

Table 8.8 presents a revised disaggregation of the TEV for Turkish forests,
according to the above data sources and calculation methods.

After reviewing the different non-carbon values (wood and non-wood products,
grazing, hunting, recreation, pharmaceuticals use) and costs (erosion, forest fires)
forming the TEV of the Turkish forest, the revised TEV can be estimated at 142 US
$/ha/year.

8.6 Conclusions

Overall, impressive improvements concerning the Turkish forests can be observed
over the past decades, namely in the massive efforts in terms of rehabilitation of
degraded forests and afforestation, conversion of coppices to high forests and in the
technology attained to combat fire events and forest health. These measures have
resulted in the increase of the forest biomass stocks, allowing for an increase of
felling since the 2000s.

Finally, a complete assessment of carbon and non-carbon costs and benefits of
implementing the LULUCF rules was conducted, for four different 3.4 FM sce-
narios (extensive versus intensive harvest, projected versus non-projected REL) and
one single 3.3 A/R scenario, with the results shown in Table 8.9.

All the costs are assumed to be constant across all scenarios. The sensitivity of
the estimated benefits to different carbon price assumption was calculated:

• 4 US$/tCO2eq: This is the lowest value observed, and it occurred in 2013 on the
European carbon market, the bigger Kyoto market worldwide;

• 7 US$/tCO2eq: In 2013, the average forest carbon price on both Kyoto and
voluntary markets was 7 US$, according to the Ecosystem Marketplace report
from 2013;

• 52 US$/tCO2eq. A report commissioned by the French Prime Minister in 2008
estimated the ‘shadow price’ of carbon, i.e. the recommended carbon price from
2011 up to 2050, needed to achieve the EU target of a fourfold reduction in
GHG emissions by 2050 (Quinet 2009). The estimated value (by linear inter-
polation) for 2013 is 52 US$/tCO2eq, as shown in Table 8.9.

As can be observed, considering the recent EU market price (Kyoto market) or
the recent forest carbon price (Kyoto and voluntary markets), carbon benefits show

8 Cost-Benefit Assessment of Implementing LULUCF … 125



great reductions in all the scenarios, compared with other values included in the
forest TEV.

Negotiations are still on-going regarding the precise status of Turkey in the
UNFCCC, which would in turn determine whether Turkey has to make binding
commitments (including on LULUCF). But whatever choices are made by Turkey
in terms of LULUCF accounting (esp. on Article 3.4 FM) and whatever assump-
tions on future carbon prices are made, the carbon benefit remains positive but
marginal compared with non-carbon benefits, which are substantial.

However, since most operating costs would have been disbursed in any case
(apart from the transaction costs for upgrading the GHG LULUCF inventory, which
is marginal at 1.2 MUS$), the carbon benefits can be assumed to be ‘extra
net-benefits’. Furthermore, contrary to many forest values, carbon benefits can
materialize.

Last but not the least, it is worth considering the carbon shadow price. It is worth
noting that the situation is quite different for the 3.4 FM areas, and especially for 3.3
ARD areas, where the carbon benefits are substantial. However, this price level is
still far from attainable as the negotiations stand now, unless the international
community is able to adopt a strong political commitment in the coming years.

Table 8.9 Recap of costs and benefits estimates of LULUCF accounting for different scenarios

Scenario for 3.4 FM, depending on the level of harvest by
2020 (in Mm3/yr)

REL non
projected*

REL projected

Ext.
harvest
32.3
Sc
NP-Ex

Int.
harvest
36.3
Sc
NP-ınt

Ext.
harvest
32.3
Sc P-Ex

Int.
harvest
36.3
Sc P-int

Scenario for 3.3 ARD. 2013–2017 OGM Strategic Plan, followed by linear trend from 2018 to 2020.

Cumulative area under 3.4 FM (ha, over 2013–2020) 77.145.301

Non-C benefit for 3.4 FM (MUS $) 10.968

Cumulative gain of forest under 3.3 ARD (ha, over 2013–
2020)

19.046.995

Non-C benefit for 3.3 AR (MUS $) 2.708

3.4 FM RMUs between 2013–2020 (Millions of RMUs) 52.8 52.8 46.5 0

C benefit for 3.4 FM (MUS $) 26.4 26.4 232 0

3.3 ARD RMUs between 2013–2020 (Millions of RMUs) 119.4

C benefit for 3.3 ARD (MUS $) 597

Operation costs for 3.4 FM: forest management (MUS $) 771

Operation costs for 3.3 ARD: forest management (MUS
$)

3221

Transaction costs for GHG LULUCF inventory (MUS $) 1

Total 7.835 7.835 7.804 7.571

Source Bouyer (2014)
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Chapter 9
Carbon Certification of Afforestation
and Reforestation Areas in Turkey

Melike Kuş, Hüma Ülgen, Yusuf Güneş, Rüstem Kırış,
Ali Özel and Uğur Zeydanlı

Abstract Climate change is a major threat to ecosystems and livelihoods. Forest
ecosystems can be carbon sinks if they are untouched or well managed. They can
also become carbon sources if destroyed. Forest ecosystems are important in
international climate policy because of their capacity to reduce carbon dioxide in
the atmosphere and their contributions to biodiversity and sustainability. The Clean
Development Mechanism of the Kyoto Protocol has provisions and methodologies
for afforestation/reforestation (A/R) activities. There is a growing demand from
private companies for afforestation/reforestation (A/R) projects due to increasing
environmental and social responsibility concerns. However, some industries are
interested in accumulating A/R carbon credits to prepare for the possible enactment
of a future quantitative carbon emission limitation scheme in Turkey. This study
examines recent developments, conditions, opportunities and threats within the A/R
carbon sector in Turkey. Details of the only A/R carbon project in Turkey proposed
by the Nature Conservation Centre are provided. The results of the certification
application process revealed three main points. (1) The certification cost in Turkey
is disproportionately high compared with the smaller amount of A/R carbon credits
to be obtained per hectare basis. (2) A new level in the certification system might
better serve the needs of this country and the others in similar situation. (3) The
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relevant government institutions require an increased capacity to address carbon
issues. They must develop a vision, initiate necessary inter- and intra-institutional
coordination and amend regulations appropriately to facilitate A/R certification in
Turkey.

Keywords Climate change � Sequestration � Clean development mechanism �
Carbon certification � Forest carbon

9.1 Introduction

This study summarizes the results of a project that investigated the legal and technical
conditions for providing carbon credits from afforestation/reforestation (A/R) projects
to the voluntary carbon market in Turkey. During this project, The State of Voluntary
CarbonMarkets 2013 reported that A/R carbon has the second largest share within the
voluntary market and constitutes 12 % of all transactions (Peters-Stanley/Yin 2013).
In addition, despite the 2012 economic crisis, the voluntary carbon market grew in
volume by 4 % between 2011 and 2012 (Peters-Stanley/Yin 2013). Projections
predicted that the market would benefit from an annual average growth rate between
13 % and 17 % until 2020. In 2012, total voluntary carbon market transactions were
523 million USD (Peters-Stanley/Yin 2013).

However, the predictions were not accurate and The State of Voluntary Carbon
Markets 2014 reported that the A/R share dwindled to 4 % of the voluntary market
and transaction volume decreased by 70 %. This share decrease is largely due to a
significant increase in REDD1 projects in the market. In 2014, the extensive
pre-compliance demand that supported the high A/R transaction volume in Australia
ceased as a result of regulatory uncertainty (Peters-Stanley/Gonzalez 2014).

On the other hand, many private sector companies in Turkey continue to invest
in afforestation projects. These projects constitute the main portion of their social
and environmental responsibility projects. Therefore, the private sector has
expressed an interest in the legal and technical conditions related to investment in
afforestation activity that will lead to carbon certification. Although Turkey is an
important provider of carbon credits to the voluntary market, the share of credits
issued from forestry projects is null (Ministry of Environment and Urbanization
2012). The Nature Conservation Centre (DKM) decided that these were opportune
conditions for the investigation of the potential for A/R carbon credits in Turkey.

1Reducing Emissions from Deforestation and Forest Degradation (REDD) is a programme
developed by the United Nations; at: www.un-redd.org.
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9.2 Materials and Methods

The project team was formed as a result of a partnership among the DKM, the
General Directorate of Forestry (GDF), ClearSky Climate Solutions, the United
Nations Development Program and the Baku-Tbilisi-Ceyhan Pipeline Company,
Turkey with financial support from the Prosperity Fund of the British Embassy in
Ankara.

An expert in both forestry and law from Istanbul University carefully studied the
current regulations related to forest carbon issues. DKM identified possible stake-
holders in the government, private sector, NGOs and academia who might be
interested in A/R carbon projects. Analysis of survey results revealed information
gaps to be filled before relevant stakeholders could pursue A/R carbon projects.
A team of forest carbon experts from ClearSky Climate Solutions prepared and
delivered a three-day training session to these stakeholders. DKM, the legal expert
and the forest carbon experts hosted two informational meetings. One meeting
focused on answering questions from the private sector, while the other addressed
questions relevant to governmental institutes. The team initiated a pilot afforestation
project for carbon accreditation based on the results of the information gathered
according to the existing conditions.

Two major issues to be considered in the certification process are the addi-
tionality and applicability of an A/R project. Additionality refers to the requirement
that the project will be feasible only with the added carbon revenue, as carbon
certification is a mechanism to provide financial incentives to the projects that will
have a contribution to emission reduction. The goal is the reduction of atmospheric
emissions through carbon credits. Two major pathways according to The Gold
Standard2 rules can justify the additionality of a project. The first pathway involves
financial and barrier analyses, while the second requires the project to occur in a
region where A/R is difficult due to climatic and soil quality factors.

The second pathway option, also referred to as the ‘Positive List’, was more
appropriate for this pilot project. The project area is within the borders of Ankara
Province, which clearly has unfavorable growing conditions, with average yearly
precipitation well below 600 mm/m2. Applicability criteria ensured that the project
did not harm wetlands, soil quality or the existing biodiversity.

A local stakeholder consultation (LSC) meeting was held as part of the carbon
certification procedure. Stakeholders were informed of project details, input and
grievance procedures, project impacts on sustainable development, measures to
prevent/mitigate negative impacts, methods of monitoring mitigation measures and
the positive impacts of the project. All relevant stakeholders were invited to the
LSC meeting via email, fax, phone call and newspaper announcement. Relevant
government representatives and local people also participated in the meeting.

2The Gold Standard is an international standard and certification body (http://www.goldstandard.
org/).
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9.3 Results

Compliance with the international standard institution and national forestry regu-
lation requirements is necessary to obtain carbon credits from A/R projects. Due to
the additionality requirement, areas under control of the General Directorate of
Forestry (GDF) are not eligible as the Directorate is responsible for the afforestation
or reforestation of these areas by law. However, there might be exceptions. For
example, if the proposed project area is within the purview of GDF but is not
included in any future A/R plans, the area could possibly benefit from carbon
revenue. In this case, carbon financing ensures afforestation of the area much sooner
and sequesters carbon that would otherwise be in the atmosphere. Another
exception that might lead to A/R carbon certification eligibility on GDF land
requires carbon financing to overcome technical or social barriers that prevent
afforestation in the proposed area.

Permanence is important to certification institutions. The forested area should
remain forested for 20–50 years after the certification period is complete. This
requires strong agreement on land and carbon rights. Land appropriation for ‘public
benefit’ could create a major problem for both private land and land leased from the
state or GDF. If trees are cut after appropriation, carbon certification rights are lost
and a penalty from the certification body applies. Therefore, it is necessary for
Turkey to have legislation regarding both private and public land that has been
afforested and carbon certified in order to protect investments. Treasury land
allocated for private afforestation may also be potentially eligible because
afforestation of these areas is not compulsory by law.

Forests on land owned by either GDF or the Treasury have management plans
that usually prescribe a harvest at the end of the tree maturation cycle. If these
forests have been carbon certified, the permanence framework still applies. If the
trees are harvested, replanting must occur so that the area reacquires the same
carbon capture capacity. Otherwise, the carbon credits previously issued will be
lost. Moreover, it is not possible to receive a second certification for the renewed
afforestation. Forest management plans currently apply to a specific purpose. This
could be timber production, water production, ecosystem conservation, etc. Results
of this project demonstrate the necessity to designate an additional special forest
management purpose specifically designed for carbon credit production. If the
harvested trees are used in non-carbon emitting industries and additional trees are
not planted, the project owner only receives a portion between 15 and 20 % of the
carbon credits provided if the trees remained for over 50 years.

Certification bodies retain up to 60 % of the credits to buffer high-risk projects.
These risks include natural hazards such as fire or pests, management or financial
risks and external risks such as land tenure conflicts (Olander/Ebeling 2011). Some
certification bodies return these certificates to the project proponent at the end of the
project period, whereas some do not.

When the carbon market mechanism was first established, carbon sequestration
was the main focus. Eventually, the zero net harm policy began to gain more
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importance. At present, projects are expected to prove that no harm will occur to
natural, social, cultural and economic structures in the region. In this context, it is
highly probable that the project will be eliminated during the evaluation process if it
causes harm to the biological or social structure of the area, even if it fulfils all other
certification requirements. An indirect negative impact of an afforestation project
might be the deforestation of another area, referred to as ‘leakage’. For example, if
the pastureland of a village is afforested, it might lead to the deforestation of another
area to be used for grazing. In this case, discounts to the amount of carbon credits
issued will apply for the leakage amount caused by carbon emissions in the
deforested area.

Results of the LSC meetings have significant implications for the proposed
projects. Feedback provided by the stakeholders, especially local stakeholders,
should be considered in the design phase of the project. The main issue raised
during the LSC meeting of this project was that the land designated for A/R activity
serves as a migration route for the cattle and sheep of the nearby village to their
grazing grounds. The project had to consider the concerns of the local people even
though the identified land was on private property. If we pursued the application
process further, our project would have been eliminated from the selection process
due to the overwhelming amount of unsettled complaints.

We discovered that project size affects the dispute settlement. We planned to
afforest one hectare of land because we were conducting a ‘pilot’ project. If we had
proposed to forest hundreds or thousands of hectares, we could have suggested
many solutions to satisfy the concerns of the local stakeholders. Possible solutions
ranged from creation of migration routes within the proposed afforestation land to
offers of income diversification that could expand animal husbandry to include
forestry activities. A larger A/R area would have also made a more significant
difference in the micro-climate of the area and provided benefits to the village
through more diverse ecosystem services.

Approximate calculations suggest the estimated area required for the financial
return of a carbon certification investment. We estimated the carbon certification
cost of a 30-year A/R project cycle to be around 110.00 USD. This amount includes
Project Design Document development, registration, validation and all verifica-
tions. However, one hectare of black pine (Pinus nigra) afforestation within the
Ankara Province region captures 5 tons of CO2 per year on average. According to
the average carbon credit cost of 4.9 USD in the 2013 (Peters-Stanley/Gonzalez
2014), the approximate area of afforestation required for carbon financing to pay for
the certification investment only is calculated as follows:

I ¼ P A � B � C � D � Eð Þ ð1Þ

where,
I = Investment for carbon certification = 110.00 USD
P = Profit from Carbon Finance
A = Area size (ha)
B = Tons of CO2 captured per hectare per year
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C = Number of years in the chosen project cycle
D = Credit discount for risk (20 %)
E = Value of 1 carbon credit in the voluntary market in 2012

I should equal P
and P = A � B � C � D � E
or,
110.00 USD = A ha � 5 t CO2/year � 30 years � 0.8 � 4.9 USD
A = 110.000/(5 � 30 � 0.8 � 4.9)
A = 187 ha

An area of about 187 ha of afforestation is needed in the Ankara climatic zone
for the revenue from carbon credit sales over 30 years to equal the cost of carbon
certification. This calculation does not take into account the cost of afforestation
itself and net present values.

9.4 Discussion

It does not seem economically and technically feasible to apply for carbon certifi-
cation in these A/R areas considering the afforestation efforts of the private sector
range between 5 and 20 hectares per afforestation. Although it is not impossible, a
small A/R area can rarely satisfy the eligibility criteria as mentioned. Economically, a
company investing in afforestation either has to spend an extra 110.00 USD to apply
for certification or increase the A/R area to at least 187 ha just to cover the costs of
certification through carbon financing. However, the investor would also incur the
cost of afforestation for the additional 187 ha. Application for carbon certification for
afforestation through the social-environmental responsibility programs in the private
sector in Turkey does not seem technically or economically practical.

Relevant legislation in Turkey combined with unfavorable climatic conditions and
a larger workforce compared with that in tropical countries make it difficult to justify
carbon certification expenditures on environmental and social responsibility projects.
Therefore, climatically conscious companies in Turkey have begun to examine
potential methods to offset their carbon emissions aside from taking measures to
reduce them. Current international certification systems do not seem to be conducive
to increased investments in afforestation. A ‘Turkish Forest Carbon Code’, designed
for the specific circumstances and needs of the country, may prove to be effective in
driving more private sector investment towards afforestation activities. Although
credits issued by the Turkish Forest Carbon Code cannot be initially traded in the
international voluntary carbon markets, they will nevertheless serve to offset the
carbon emissions of the investing private sector company (at least in the national
rosters) and simultaneously provide incentive for additional afforestation.

Based on this study’s results, DKM is working with GDF to create a national
A/R certification program. This program aims to bring legitimacy to carbon
reductions obtained through A/R projects issued from corporate environmental
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programs. Examination of various current forest carbon standards and comparisons
of their advantages and disadvantages within the Turkish context contribute to the
design of the proposed code.
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Chapter 10
Carbon Sequestration
and Mycorrhizae in Turkish Soils

İbrahim Ortaş, Rattan Lal and Selim Kapur

Abstract The atmospheric carbon dioxide (CO2) concentration has increased by
31 % since the onset of industrial revolution around 1850, from 280 ppm/year to
400 ppm/year in 2013. Chemical fertilizers, pesticides, tillage, irrigation and seed
use improvements have increased agricultural production. Moreover, agricultural
mismanagement may have affected atmospheric CO2 through the intensified
degradation of soil organic matter (SOM). Water deficiency, high temperatures and
land degradation could be the result of increasing atmospheric CO2 concentrations,
particularly in semi-arid Mediterranean regions. High temperatures, decreased
water availability and post-harvest straw burning in preparation for the next crop
reduce the soil organic carbon (SOC). Note that soil quality and productivity are
also declining. In addition, the intensity of climate change is expected to increase.
Soil provides a sink for atmospheric CO2 and therefore reduces net CO2 emissions
associated with agricultural ecosystems, mitigating the ‘greenhouse effect’. There
are several techniques to mitigate atmospheric CO2. One approach involves fixing
atmospheric CO2 via the natural process of photosynthesis in terrestrial ecosystems
(soil and biota). Plants fix atmospheric CO2 in soil and biota because plant roots and
mycorrhizal fungi require carbon (C) and contribute to C sequestration (CSQ).
Therefore, small changes in the soil C cycle could have large impacts on atmo-
spheric CO2 concentrations. Arbuscular mycorrhizal fungi (AMF) are obligate
symbionts of most plant species, and they are important for soil aggregation and
stabilization. Mycorrhizae fungi are the major component of soil microbial biomass.
AMF hyphae produce glomalin that contains C and that is an important part of the
terrestrial C pool. The effects of mycorrhizal colonization on nutrient uptake and
root growth have been extensively studied. CSQ and aggregate C storage have
become priority topics in soil science since 1990s. Interest in the effects of myc-
orrhizal hyphae (glomalin as the by-product) and humic substances that enhance
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aggregate stability is increasing. AMF play a key role in soil aggregate formation
and stabilization. This long-term experiment was established in 1996 to assess crop
and soil management effects on mycorrhizal development and SOC accumulation.
The principal objective was to determine how soil management affects indigenous
mycorrhizae and SOC dynamics. Results show that mycorrhizal colonization and
sporulation depend on soil and crop management and that soil aggregate devel-
opment is affected by SOC content and mycorrhizal presence.

Keywords Soil organic carbon dynamics � Soil development � Mycorrhizae and
carbon sequestration � Plant and soil management effects on carbon pool

10.1 Introduction

The atmospheric carbon dioxide (CO2) concentration increased by 31 % between
the onsets of the industrial revolution around 1850 when it was 280 ppm/year to
400 ppm in 2013. It is presently increasing at a rate of 2.3 ppm/year or 0.58 %
year−1 (Le Quere et al. 2015). Despite enhanced crop production, the Green
Revolution has been a major contributor to increased atmospheric CO2 via agri-
cultural input enhancements such as chemical fertilizers, pesticides, increased tillage
practices, irrigation and seed use improvements. However, increased agricultural
input does not result in continuous yield increases. Eventually, increased tempera-
tures because of climate change, distortion of CaCO3 horizons in the profile, heavy
tillage and high clay content decrease soil organic matter (SOM) content and con-
sequently reduce agronomic productivity. This situation is particularly apparent in
the eastern Mediterranean region of Europe (Ortaş/Lal 2012). Singh et al. (2009)
reported that loss of SOM, and soil structure degradation has a detrimental effect on
soil fertility and crop productivity. Since root carbon (C) has longer soil residence
time than shoot C (Gale/Cambardella 2000; Gale et al. 2000, 2002; Rasse et al.
2005), it is important to manage plant roots in the sub-soil to maintain the soil
organic C (SOC) pool. Lal/Kimble (1997) indicated that agricultural soils depleted
of SOC because of cultivation have significant potential for atmospheric CO2

sequestration. Thus, there is a strong interest in stabilization of the atmospheric CO2

abundance to reduce its effect on global warming.
There are three strategies of reducing net CO2 emissions to mitigate climate

change (Schrag 2007): the reduction of fossil energy use, development of low- or
no-C fuels and CO2 sequestration from point sources or from the atmosphere
through natural (photosynthesis/biotic) and engineered techniques.

The basic processes of the C cycle involve CO2 input through photosynthesis
and CO2 output through decomposition. The net gain of C in the soil is a function of
the balance between inputs (i.e. net primary productivity or NPP plus any external
inputs) and losses (i.e. decomposition, erosion and leaching).
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Photosynthesis is a crucial natural mechanism for fixing CO2 from the atmo-
sphere to the soil. The process of photosynthesis involves the absorption of CO2

from the atmosphere by plants, CO2 transformation into plant C and sequestration
either above or below the ground as biomass and/or as SOC pool. Shoots, roots and
mycorrhiza are responsible for the uptake of substrate C. Roots and mycorrhizae
absorb substrates N and P. Thornley/Parsons (2014) reported that transferring dry
matter to shoots, roots, and mycorrhizae maximizes growth rate.

Agricultural soils are both a sink and source of atmospheric CO2 (depending on
land use and management) and may be managed to moderate net CO2 emissions.
SOM is an important component of soil fertility, productivity and quality because
of its crucial role in the chemical, physical and biological properties of soil (Ortaş
2006).

Although the SOC pool and accompanying relationships with climate and
vegetation are still incompletely understood (Lorenz/Lal 2005), numerous field
experiments have revealed a direct relationship among soil management, SOC pool
and its dynamics. Land use types and soil cultivation are important controls of SOC
pool. They may also change the relative importance of various mechanisms for
SOM stabilization. Li et al. (2014) reported that SOC was higher in non-degraded
grasslands than in degraded areas. Grassland degradation has also been shown
(Wen et al. 2013) to decrease biomass and C content and change the ratio of roots to
shoots. Repeated soil disturbance can lead to a rapid mineralization of SOM under
field conditions (Williams/Hedlund 2013). Moreover, misuse and/or soil extraction
for uses other than agriculture or forestry and/or use of prime agricultural soil sites
as building foundations (soil stripping) cause highly significant soil losses in both
the developed and developing world. This often results from an unawareness of
appropriate natural resource uses.

Puget/Lal (2005) showed that the effects of tillage on soil aggregation and SOC
vary depending on regional climate, soil type, residue management practices and
crop rotation. A recommended management practice is conservation agriculture
(CA) that reduces soil loss, increases SOC and increases carbon sequestration
(CSQ) through aggregate development (Lal 2015a, b). Effects of conversion to CA
on SOM quantity, quality and soil aggregation may be relatively more in the surface
than in the sub-soil (Ortaş et al. 2013). Therefore, the principal aim of this study
was to assess the effects of several soil and crop management systems (including
mycorrhizae inoculation) on CSQ.

10.2 Materials and Methods

Two monitoring studies were conducted on the change of SOC and CSQ in the
rhizospheres of the Menzilat clay-loam (Typic Xerofluvent, widespread soil in the
Çukurova University farm area) (Fig. 10.1) and Kızıltapır (Lithic Rhodoxeralf,
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widespread soil in the Çukurova University area) soils (olive-Olea europea L.-tree
rhizosphere) from 1974 to 2012 (Table 10.1). Moreover, a comparison of the CSQ
in the rhizosphere-non-rhizosphere soils of the Kızıltapır series (in 2010) were
accomplished in order to understand the variable root-zone potential in carbon
sequestration. A long term experiment from 1996 to 2010 concerning the effect of
mycorrhizae inoculation on CSQ in the soil was also conducted at the Menzilat soils
of the Research Farm of the Çukurova University in the eastern part of the
Mediterranean region of Adana, Turkey. The regional climate of the study area is
typical Mediterranean where the long-term average annual temperature is 19.1 °C
(varying between 14.2 °C in January–February to 25.5 °C in July–August) and
precipitation is 670.8 mm. The mean annual humidity is 66 %, and as much as
80 % of the annual precipitation occurs between November and April (Anonymous
2008).

Mycorrhizal inoculation was applied in three replicates to the Menzilat soil for the
long term experiment. Each plot had 10 � 20 m (200 m2) dimensions. Treatments
included a control plot and mycorrhiza-inoculated compost at 10 Mg ha−1.
Experimental plotsweremoldboard ploughed to 0.15–0.20 mdepth after each harvest.

Soil samples were air dried, gently ground and passed through a 2 mm sieve.
Air-dried bulk soil was ground further and sieved through a 0.25 mm sieve. Total C
and nitrogen (N) concentrations were determined by the dry combustion method at
900 °C using a C and N elemental analyzer. Inorganic C was determined by
measuring total CaCO3 content (Ortaş/Lal 2012). The SOC concentration was
obtained by subtracting soil inorganic carbon (SIC) from the total C concentration.
Selected initial soil properties were analyzed by the method described by Page et al.
(1982).

Fig. 10.1 The prime agricultural soil stripped for the construction of a building foundation, the
Menzilat soil series. Source The authors
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10.2.1 Calculation of SOC and Nitrogen Pools

The SOC pool was calculated for samples from specific soil depths and aggregate
size fractions (4.75, 2, 1, 0.5, 0.25 and <0.25 mm) using Eq. 10.1 (Lal et al. 1998):

Mg SOC or TSN ha�1 ¼ C% or N% � soil depth mð Þ � qb Mgm�3� �

� 104 m2 ha�1=100

ð10:1Þ

The SOC sequestration rate was calculated with reference to the baseline control
treatment by dividing the difference in the total SOC pool by 14 years (experiment
duration).

10.3 Results and Discussion

10.3.1 Monitoring SOC in Menzilat Soils

A large fraction of the C in the terrestrial biosphere is contained in soil in the form
of SOM (Lal 2004; Lal et al. 2007). However, SOM is reduced by excessive tillage
that increases emission of greenhouse gases (GHG) from agroecosystems.

The data presented in Table 10.2 show that 78.7 Mg ha−1 SOC and
408.0 Mg ha−1 SIC were lost from the soil (Menzilat soil series, dominant soil in
the Çukurova University experimental Farm as well as the Çukurova region, Adana,
Turkey) from 1974 to 2010 (Özbek et al. 1974). Furthermore, there are clear
differences between SOC and SIC contents: the former decreases, whereas the latter
increases with soil depth (Table 10.2). Overall mean values for SOC decrease with
depth, and the SOC concentrations in the surface layer are significantly higher than
those in the lower horizons.

SOC is vitally important for agriculture and mitigation of climate change in a
fragile semi-arid environment. SOM is an important component of soil fertility as a
nutrient sink. It enhances and promotes biological activity in many agro-ecosystems
(Ortaş 2006). Srinivasarao et al. (2012) indicated that SOC is a strong determinant
of soil quality and agronomic productivity especially in harsh arid and semi-arid
environments. SOC is important for long-term soil quality and also for carbon
dynamics in relation to climate change (Lal et al. 2007).

Thus, the effect of management practices on CSQ changes and the soil C budget
were calculated from 1974 to 2010 using data from 1974 as the baseline
(Table 10.2, Fig. 10.1). The total SOC ranges from 877.4 kg ha−1 in 1974 to
117.2 kg ha−1 in 2010 in the Menzilat soils. The CSQ in the top layer is 997.9 kg C
ha−1 year−1. However, the magnitude and rate of soil CSQ decreases with increased
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depth to −534.8 kg C ha−1. CSQ is higher in surface than in the sub-soil layers
because of the concentration of plant roots and positive effects of management
practices (e.g., fertilization, irrigation residue retention).

10.3.2 Monitoring (1974–2010) and Comparison of SOC
in the Rhizosphere and Non-rhizospheres (2010)
of the Kızıltapır Soils

Olive trees sequester high amounts of SOM within their rhizosphere (Fig. 10.2),
which consequently decrease soil loss by reducing erosion. The SOM can be as
much as 12 % of the root zone soil of a 100-year-old olive tree as stated by
Koçak/Kapur (2010). Moreover, branches pruned from olive trees are used for fuel
and making high quality biochar (Aydıncak et al. 2012).

The Kızıltapır soil (widespread soil series in the Mediterranean Basin, Özbek
et al. 1974) located on the Çukurova University experimental farm, contains olive
orchards established in 1974. While, some trees were uprooted for construction

Table 10.2 Carbon sequestration (CSQ) rates in the Menzilat soils from 1974 to 2010

2010 1974

Ap CA C1 C2 Total Ap

Soil depth 0–30 30–60 60–94 94–125 0–6

PSD Sand 32.5 30 16 14.5 34.4

Silt 40.5 24.5 30 31.5 40.2

clay 27.0 45.5 54 7.6 25.4

pH 7.4 7.6 7.5 7.6 7.5

Salt 0.113 0.123 0.133 0.131 0.25

P2O5 (kg ha−1) 43.6 14.2 10.9 9.5 15.4

CEC
(cmolc kg

−1)
17.6 17.6 21.2 18 18.3

CaCO3 (%) 21.9 30.4 28.4 33.6 51.48

OM (%) 1.51 0.49 0.51 0.52 1.59

OC (%) 0.87 0.28 0.3 0.3 0.92

BD (g cm –3) 1.6 1.3 1.3 1.35 1.44

SOC (Mg ha−1) 41.9 11.1 13.1 12.6 78.7 8

SIC (Mg ha−1) 87.4 98.8 104.6 117.2 408.0 37.1

Rate of CSQ
1974–2010
(kg C ha−1)

997.9 −353.4 −534.8 −106.2 3.7

Carbon and nitrogen sequestration calculated using 1974 baseline data. Source Özbek et al. (1974)
EC Electrical conductivity, CEC Cation exchange capacity, OM Organic matter, PSD Particle size
distribution, SIC Soil inorganic carbon
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purposes, the C budget of the root zone of these trees was calculated. This analysis
was conducted during the struggle against inappropriate land use to demonstrate the
C sequestration potential of the olive root zone. The magnitude of C sequestered
36 years after the establishment of the orchard is higher in the rhizosphere than in
the non-rhizosphere soil (Table 10.3). The magnitude of non-rhizosphere
(0–0.13 m) CSQ is 176.7 Mg ha−1 and 636.5 Mg ha−1 at 13–28 cm depth
(Table 10.3). Similarly, the rhizosphere CSQ of the olive tree at 0–20 cm depth is
183.7 Mg C ha−1 and 133.8 Mg C ha−1 at 40–60 cm depth. The calculated rate of
CSQ is 36.3 Mg C ha−1 year−1 at 0–20 m depth compared to 42.6 Mg C ha−1

year−1 at 40–60 m depth (Table 10.3).

Fig. 10.2 A mature olive tree
root system (Olea europea)
with large amount of biomass
C added into the soil. Source
The authors

Table 10.3 Kızıltapır soil series CSQ changes from 1974 to 2010

Soil
horizon

Soil
depth
(cm)

Organic
carbon (%)

qb
(g cm−3)

SOC
(Mg ha−1)

CSQ NR
(kg C ha−1)

SCQ R
(kg C ha−1)

Differences
between
R-NR CSQ
(kg C ha−1)

Non-rhizosphere
2010

Ap 0–13 1.45 1.3 24.5 176.7

Bt1(BA) 13–28 0.93 1.3 18.1 −636.5

Bt2 28–43 0.99 1.4 20.7 153.8

Rhizosphere
2010

Ap 0–20 2.43 1.25 60.8 1183.7 36.3

Bt1 20–40 1.62 1.3 42.2 33.7 24.2

B2t 40–60 2.11 1.5 63.3 1338.0 42.6

1974
Non-rhizosphere

Ap 0–11 1.32 1.25 18.1

B1 11–38 1.21 1.25 41.0

B2t 38–50 1.11 1.15 15.2

Carbon and nitrogen sequestration was calculated using 1974 baseline data. Source Özbek et al. (1974) and comparison of the
rhizosphere and non-rhizosphere Kızıltapır soils
R Rhizosphere, NR Non-rhizosphere, SOC Soil organic carbon, qb Bulk density
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10.3.3 Effects of Long-Term Mycorrhizae Application
on SOC and CSQ of the Menzilat Soils

The long-term mycorrhizae application experiment conducted in the Çukurova
University Farm (the Menzilat soil series) determined that the SOM content
increased in treated plots compared to control plots. CSQ was calculated for the
period from 1996 to 2013.

The effect of the mycorrhizae treatment on CSQ was calculated on data collected
between 1996 and 2013 using 1996 data as the baseline (Table 10.4). Total CSQ
ranges from 0.10 to 5.83 Mg ha−1 at 0–0.15 m and 2.73 to 7.10 Mg ha−1 at
0.15–0.30 m depth. The average CSQ is 2.96 Mg ha−1 at 0–0.15 m and
4.92 Mg ha−1 at 0.15–0.30 m depth (Table 10.4).

After 17 years, the per year CSQ was also calculated for the 0–0.15 m depth
revealing a 5.9 kg ha−1 sequestration in the control treatment and 342.8 kg ha−1 in
the compost + mycorrhizae application. In this context, several long term experi-
ments are currently being conducted on mycorrhizal species inoculation at citrus
orchards. Studies are also being conducted for examining the indigenous mycor-
rhizae effects on CSQ using a long-term agricultural management approach. The
results obtained thus far show that CSQ is related to the SOC pool and yield
variability. Mycorrhizae and other beneficial organisms affect SOC and CSQ
because the organisms in the sub-soil regulate the C storage and release in soil.

Table 10.4 Long-term mycorrhizae application and CSQ change from 1996 to 2013 of the
Menzilat soils

C (%) qb (g cm−3) 1996 2013 Carbon sequestration
1996–2013

SOC
(Mg ha−1)

SOC
(Mg ha−1)

SOC 2013–
SOC 1996
(kg C ha−1)

CSQ
(kg C
ha−1)

0–15 Control 0.88 1.34 17.59 17.69 0.10 5.9

Compost + Mycorrhizae 23.42 5.83 0.3 342.8

Mean 20.55 2.96 174.4

15–30 Control 0.78 1.34 15.70 18.43 2.73 160.6

Compost + Mycorrhizae 22.80 7.10 0.3 417.7

Mean 20.62 4.92 289.2

Source The authors
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10.4 Conclusions

Soil management under inoculated and indigenous mycorrhizae (long term experi-
ment on Menzilat soil) were determined to affect SOC dynamics and increase soil
carbon sequestration in long term monitored agricultural soils. Carbon sequestration
was significantly quantity-wise improved and the rhizosphere effects on CSQ were
high under olive canopies. Moreover, the CSQ of the surface horizons
(non-rhizosphere soils) of the widespread Menzilat and Kızıltapır soils were found to
increase within a 36-year period (1974–2010) of land use. This reveals the resilience
capacity of soils in Mediterranean is very fragile if not managed sustainably.
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