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ABSTRACT

CLIMATE CHANGE, AGRICULTURE AND TRADE POLICY:
CGE ANALYSES AT REGIONAL, NATIONAL AND GLOBAL LEVEL

Dudu, Hasan
Ph.D., Department of Economics

Supervisor: Prof. Dr. Nadir Ocal

December 2013, 228 pages

This thesis investigates the effects of climate change on the Turkish economy by
using computable general equilibrium (CGE) models at regional, national and
global level. The physical impact of climate change is first translated into yield and
irrigation requirement shocks by using a crop-hydrology model developed for this
study. Then these are introduced into the CGE models as productivity shocks to
investigate their effects on the overall economy. Simulation results suggest that
climate change will come into play after 2035, and its effects on the economy will
get worse after 2060. The final economic effects at regional and global levels will
depend on the location and structure of agricultural production.

Trade liberalization is considered as a policy response to contain the negative
impact of the climate change. The results indicate that trade liberalization helps, but
the positive effects are limited. International trade plays a key role in the response
of the economy to the climate change shocks. Trade liberalization with the
European Union is found to have positive effects on welfare of households,
however these effects are low compared to the harm caused by climate change.
Moreover, it was also noted that these positive effects increased as climate change
effects are worsened.



At the global level, the simulation results suggest that there is a significant
uncertainty about the impact of climate change on the global economy. The effects
are not homogenous for different regions of the world or different sectors in a
region. On the other hand, effects of trade liberalization are not affected by the
uncertainty in the climate change scenarios. Our results suggest that adverse effects
of climate change on welfare can be alleviated by trade liberalization in most parts
of the world.

Keywords: Climate Change, International Trade, Turkey, Agriculture, Computable
General Equilibrium



0z

IKLIM DEGISIKLIGI, TARIM VE TICARET POLITIKASI:
BOLGESEL, ULUSAL VE KURESEL DUZEYDE BIiR HGD ANALIZi

Dudu, Hasan
Doktora, Iktisat Boliimii
Tez Yoneticis: Prof. Dr. Nadir Ocal

Aralik 2013, 228 sayfa

Bu tez iklim degisikliginin Tiirkiye ekonomisi {izerindeki etkilerini bolgesel, ulusal
ve kiresel duzeyde hesaplanabilir genel denge (HGD) modelleri ile incelemektedir.
Oncelikle iklim degisikliginin fiziksel etkileri bu ¢alisma icin gelistirilmis olan bir
bitki-sulama modeli ile verim ve sulama gereksinimi degisimlerine
dontstiiriilmiistiir. Daha sonar bu degisimler HGD modeline iiretkenlik soklar

olarak kullanilmustir.

Sonuglar iklim degisikliginin 2035 yilindan itibaren etkili olmaya baslayacagini,
2060 yilindan sonra etkilerin agirlasacagini gostermektedir. Hem bolgesel hem de
kiiresel etkiler konuma ve tarimsal {retimin yapisina gore degisikliklik
gostermektedir. Uluslararasi ticaret ekonominin iklim degisikligi soklaria verdigi
tepkide anahtar rol oynamaktadir. Ulusal diizeyde ticaret serbeslestirmesinin etkileri
de incelenmistir. Avrupa Birligi ile yapilacak olan bir ticaret serbestlesmesi refahi
arttirmakta ancak bu artis iklim degisikliginin sebep oldugu zarar1 kargilamak
konusunda diisiik kalmaktadir. Ancak refah artisi iklim degisikliginin etkileri
agirlastikca artmaktadir.

Benzetim sonuglar1 kiiresel diizeyde iklim degisikliginin etkilelerinin olasi

etkilerinin genis bir yelpazeye yayildigini gostermektedir. Sonuclar diinyanin farkl
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bolgeleri ve bir bolgedeki farkli sektorler i¢in degisiklikler gostermektedir. Diger
taraftan, ticaret serbestlesmesinin etkileri genellikle varsayilan iklim degisikligi
senaryosundan bagimsizdir. Sonuglar, iklim degisikliginin olumsuz etkilerinin
kiiresel c¢aptaki yapilacak bir ticaret serbestlesmesi ile hafifletilebilecegini

gostermektedir.

Anahtar Kelimeler: Iklim degisikligi, Uluslararast Ticaret, Tarmm, Tiirkiye,

Hesaplanabilir Genel Denge
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CHAPTER 1

INTRODUCTION

Climate change has been the biggest challenge for the human kind from the dawn of
her existence. Changes in the climatic conditions during the 2 million years of
evolution of modern human were far more severe than the one expected in the next
century. However, human kind was successful to adapt to these conditions. Since
the last cyclical swings in the climate of Africa that started 500 thousand years ago
and lasted until the existence of modern human, Homo Sapiens was profoundly
successful in adapting to the changing climate. Today, adaptation stands as one of

the most challenging problems that humans need to solve collectively to survive.

Scientific community responded quickly to the early signs of climate change to alert
the global community. However, current state of knowledge about the climate
change can at best be described as primitive due to the complex and uncertain
nature of the problem. Some people may even claim that it is too early to be
alarmed. The studies show that it will have significant impact on daily life, and the
need to adapt is inescapable. Nonetheless, neither the time frame of the realization
of effects, nor the sign and magnitude of the impact are known. Different tools used
for impact estimation result in different conclusions; and this raises new questions.
The underlying reason is the lack of detailed information that is required to
eliminate the uncertainty in climate estimates; both in terms of theoretical basis and
applied work. We are at the beginning of our long journey to explore the effects of
climate change. However, the accumulation of knowledge is proceeding fast.
Numerous studies undertook the challenge to quantify the effects of climate change

at the global level and the count increases exponentially.

Adaptation to climate change is mostly an economic problem. Most important

adaptation measure that our early ancestors have developed to cope with the climate

1



change was “being economical”. Homo sapiens qualify as the most efficient
organism in terms of exploiting the natural resources. We do not waste anything
supplied by the biosphere. We live on crops, animals, metals and even soil and rock.
This survival strategy, however, created species that are ultimately dependent on
what is available. During the course of human history, all we tried to do was
securing as much resources as possible to guarantee our survival. However, these
activities have become so extended that they transformed the biosphere itself and
started to threaten our own well-being by — at least — accelerating the course of
climate change. Hence, we are back to square one. We need to once again find new
ways of “being economical”, or in other words invent new strategies to interact with

biosphere to avoid a possible extinction.

In this thesis we tackle the question of how climate change may affect the Turkish
economy and whether the trade policy can be used as an adaptation measure to
compensate the negative effects of climate change in three stand-alone papers. The
main focus of this study is on Turkey, but the results can be extended at least to
most of the developing economies in the region. We follow an analytical approach
by relying on established theoretical frameworks and most recent data. Instead of
trying to make static projections, if necessary we develop tools to describe all
possible states of the future. That is to say we acknowledge the uncertainty in the
estimation of physical impacts of climate change. Naturally, covering all possible
future states, i.e. all the estimations of climate change impact, is not possible in a
work that is limited by time and resource constraints.

In the following chapter, we exploit the increasing resolution of the climate change
impact estimates to assess the effects of climate change on Turkish economy at
NUTS I level. The main aim of the chapter is to present the variation in the effects
over time and space and to shed light on the underlying mechanisms of economic
responses. We develop two analytical models for this purpose. First, a crop
hydrology model is employed to translate the physical effects of climate change to
economic shocks in the form of changes in yields and irrigation requirements. Then
we use a computable general equilibrium model to inquire the economic effects.
2



Results of the models suggest that the effects can be grouped into three periods.
During the first period, which covers from 2009 to 2035, Turkish economy is not
affected seriously and climate change may even have positive contributions to the
economic activities. The production conditions worsen between 2036 and 2060 with
the increase in the frequency of extreme events. This situation increases the
probability of observing serious adverse effects. Average of the effects is also
worsened. In the last period, from 2065 to 2100, economy is hit hard by the climate

change. Agricultural production is mostly hampered in almost all regions.

In the third chapter, we incorporate the effects under trade liberalization by
developing a recursive dynamic CGE model at the national level. Eliminating the
regional detail from the model allows us to increase sectoral resolution, especially
for agriculture. Both approaches yield similar results related to the impact of
climate change: Amplified effects are observed in the latter two periods, and
agricultural production declines significantly. International trade plays a key role in
the response of the economy to the climate change shocks. Oilseeds and maize turns
out to be the most affected activities. Trade liberalization with EU is found to have
welfare improving effects but these effects are low compared to the harm caused by
climate change. Though the effects increase as climate change effects are worsened.
The main reason is the increase in the substitution possibilities under trade

liberalization.

The last chapter deals with the effects of climate change at the global level. GTAP
model based analysis utilizes a large set of climate change scenarios. The effects of
climate change can now be described by probability distributions. Simulation
results suggest that impact of climate change on global economy spans a large range
of probabilities. The effects are not homogenous for different regions of the world
or for different sectors in a region. On the other hand, the effects of trade
liberalization are generally independent from the assumed climate change scenario.
The results suggest that adverse effects of climate change on welfare can be
alleviated by trade liberalization in most parts of the world. This is especially true
for Turkey where welfare improvement is accompanied by an increase in GDP
3



under full trade liberalization. However, effects of trade liberalization with EU are

again found to be weak.

To sum up, our analysis suggests that Turkey still has time to take necessary
adaptation measures and trade policy can be a policy to contribute to these measures
by removing the constraints on the supply of good for intermediate input use and
consumption. However, results also suggests that trade liberalization cannot cure all
drawbacks of the changing climate by itself. Hence Turkey needs to take more

adaptation measures before it is too late.



CHAPTER 2

AN INTEGRATED ANALYSIS OF ECONOMY-WIDE
EFFECTS OF CLIMATE CHANGE FOR TURKEY

“Le contraire du simple n'est pas le complexe, mais le faux.”

Andre Comte-Sponville

Effects of climate change in Turkey, which is already a water stressed country, are
expected to be significant. The aim of this chapter is to quantify the effects of
climate change on the overall economy. We use an integrated framework which
incorporates the results of a crop water requirement model in a computable general
equilibrium model for the period 2010-2099. Since agriculture is the most important
sector that will be affected by climate change, analysis of climate change effects on
the overall economy necessitates taking into account backward and forward
linkages to agriculture. The CGE model establishes the links between agriculture,
the other sectors, and also with the economic agents in 12 NUTS-1 regions. A crop
water requirement model is used to translate the results of global climate models to
the changes in yields and irrigation requirements for the period 2008-2099 at 81
NUTS-3 regions for 35 crops. The results of the crop water requirement model are
then introduced to CGE model as climate shocks.

The results suggest that the economic effects of climate change will not be
significant until the late 2030s; which allows Turkey to develop appropriate
adaptation policies. However after 2030s, effects of climate change are significant.
Production patterns and relative prices will change drastically. The economic
effects differ among regions. The effects are milder in the regions where irrigated

agriculture is relatively low. This suggests that climate change policy needs to be
5



region-specific. Agriculture and food production are the most affected sectors.
Increasing irrigation requirements will cause farmers to reduce irrigated production.
Combined with the decline in vyields, this will lead to the deterioration of
agricultural production and an increase in agricultural prices. Consequently the loss
in household welfare will be significant. Part of the decline in production can be
compensated by imports, causing an increase in agro-food trade. Trade balance will

worsen with declining manufacturing exports due to increasing cost of production.

In the following sections we will first give a survey of studies related to the effects
of climate change on agriculture and overall economy for Turkey. Then we will
present the modeling approach and the models that are used in this chapter.
Afterwards, we will describe the data used in the models. Results and discussions

will follow. We reserved the last section for concluding remarks.

2.1 Climate Change

A significant effort has been spent by scientists from various disciplines to shed
light on the causes and effects of climate change in recent years (Tol, 2010).
Although there are still some controversies about the details (Idso et al., 2009), it is
widely accepted that the effects of climate change have already started to be felt,
and the significance of the impacts is expected to increase throughout the 21%
century (Agrawala et al., 2008; Parry et al., 2007; Stern, 2006). Although, a wide
range of social and physical effects has been linked to climate change, the most
significant effects are expected to be increasing temperatures accompanied by
declining precipitation, as well as increasing frequency of climatic extremes (Stern,
2006). Hence, agricultural production, which ranks high in terms of climate
dependence, is likely to be the most vulnerable sector (Fankhauser, 2005). The
changes in temperature and precipitation will affect the yields in crop production,
while climate related risks will increase due to increasing frequency of climatic

extremes (Rosegrant et al., 2008).



Effects of climate change have already started to be observed in Turkey in the form
of changes in mean temperatures, precipitation (Durdu, 2010; Kadioglu, 2008),
growing degree days (Kadioglu et al., 2001), number of frost days (Sensoy et al.,
2008) and frequency of climatic extremes (Sensoy et al., 2008). The effect of
climate change on agricultural production in Turkey is expected to be significant
since agricultural production is heavily dependent on climatic conditions. A
significant part of the agricultural production is held on rainfed land making the
production significantly sensitive to changes in precipitation (Kadioglu, 2008).
Research and development of new drought resistant crop varieties are also quite
limited. Further, although the share of agricultural value added in GDP has declined
to 10 percent in recent years (TurkStat, 2010a), its share in employment is still
significant, at 25 percent (TurkStat, 2010b). As such agriculture remains to be the

most important source of income for the rural population.

The number of studies investigating the economic effects of climate change in
Turkey has started to increase in recent years. These studies can be grouped in five
categories: The first group consists of papers that survey the global literature and
attempt to draw conclusions about the Turkish economy by analyzing the results of
existing global models (Arslan-Alaton et al., 2011; Aydnalp et al., 2008; Kaygusuz,
2004; Onder et al., 2007). The work in the second group focuses on greenhouse gas
(GHG) abatement policies (Kumbaroglu et al., 2008; Telli et al., 2008; Tung et al.,
2007) and attempt to model the link between climate change and economy by
evaluating the effects of different policy options. The third group of studies uses
general circulation, hydrological, regional climate or crop based models to estimate
the probable effects on non-economic indicators such as availability of water or
growing degree days without any reference to their implications for agricultural
production or economy (Durdu, 2010; Fujihara et al., 2008; Goncu, 2005; Kadioglu
et al., 2001, Komuscu et al., 1998; Onol et al., 2009; Sensoy et al., 2008). In the
fourth group, there are few studies that link the changes in climate variables under
different climate change scenarios to agricultural production (Cline, 2007; Kapur et
al., 2007; Ozdogan, 2011). Lastly, Dellal & Mccarl (2009) investigate the impact of



climate change using a sector model with restricted coverage of agriculture, and

Dudu et al. (2010) try to link climate change projections with the overall economy.

Cline (2007) presents a detailed impact analysis of climate change on 60 countries,
including Turkey, by downscaling the results of five global circulation models.
Cline (2007) reports that the increase in average temperature will be between 1.1°C
and 1.6°C, while average precipitation will decline by 30 percent which translates to
11.8 percent decline in average agricultural yield for the period 2070-2099. This
will result in 16 percent loss in the value added produced by agricultural sector
(Cline, 2007: p.40 and p. 64 and p.71). Cline (2007) also reveals that the initial 1 to
2°C increase in temperature will in fact benefit the agricultural sector. However, the
effects will be reversed when the increase in temperature is higher than 2°C (Cline,
2007, p. 60). The results indicate that estimates of climate change effects for Turkey
have the highest coefficient of variation across different global climate models and
probably are less robust to different model assumptions.

Kapur et al. (2007) attempt to link the climate change effects in Turkey to
agricultural production. They employ a regional climate model to estimate the
effects of climate change on wheat production for the period 2070-2099 under A2
scenario of IPCC in the Cukurova Basin, which is one of Turkey’s most advanced
regions in agricultural production. Their results suggest 35 percent decline in
precipitation accompanied by 2.8°C increase in the mean temperature. However,
they do not report any quantitative results for the probable change in wheat yield.

Recently, Ozdogan (2011) reported the results of a crop model. The impact of
climate change is obtained from a GCM. The study analyzes the effects on wheat
production in the Thrace region. Ozdogan (2011) reports that CO, effects are likely

to be small and there will be a 15 to 20 percent decline in wheat yield.

Although these studies report the impact of climate change on yields or water
availability, they still do not give much information about the economic effects for
the agricultural sector. Furthermore, these studies also lack spatial and sectoral

depth, in the sense that they merely focus on either the national level or on
8



analyzing specific sub-regions and that they generally limit their analysis to few

major crops.

There are only two well documented studies in the literature that employ economic
models to investigate the implications of climate projections under different climate
change scenarios. Dellal & Mccarl (2009) use a partial equilibrium model for the
agricultural sector to investigate the effects of a climate change on production.
Dudu et al. (2010) on the other hand uses a computable general equilibrium model
to analyze effects of yield changes on the overall economy. Both models suffer
from various deficiencies. In Dellal & Mccarl (2009) the average of results from a
global climate model is used to estimate yield responses. The regional dimension of
the model used is outdated and is not compatible with NUTS classifications of
TurkSTAT. Furthermore the study runs simulations for a limited number of crops.
Dudu et al. (2010), use the average of expected yield changes compiled from
existing literature. The regions chosen are aggregated and they use 2003 social

accounting matrix.

Consequently, there is a need for a more detailed economic analysis of climate
change by combining the results of climate models with economic models at the
regional level. In this chapter, we aim to improve the current modeling efforts in the
literature by using an integrated approach to evaluate the effects of climate change
on the overall economy of Turkey in a detailed regional setting. For this purpose,
we use a crop water requirement model to translate the regionalized results of a
global climate model to yield shocks and irrigation requirement changes. These
changes are introduced as productivity shocks to a CGE model. The following
section presents the modeling approach for the CGE model in detail and the crop
water requirement model. Section 2.3 presents the data and aggregated results of
crop water model. The results of CGE analysis are discussed in Section 2.4 reports.

The last section is reserved for the concluding remarks.



2.2 Integrated Modeling Approach

Climate change is a complex issue and any complete assessment of its effects needs
to take into account the interactions of physical, economic and social factors.
Consequently, a comprehensive impact assessment requires different types of
models. Complicated climate and hydrology models are needed to estimate the
physical effects at the global level. The estimates from these models then need to be
downscaled to smaller spatial resolutions to obtain the effects at the regional level.
In addition, the interaction within an economy and the rest of the world needs to be
considered in detail to have a solid interpretation of the economic effects. As
mentioned before, climate change is expected to affect the economy via the
agricultural sector. Hence, a special impact assessment model is required to link the
results of climate models to the economic models. Therefore, complete impact
analysis of climate change necessitate to integrate physical models, specific impact

assessment models and economic models.

This “three pillar” approach has started to dominate the literature recently supported
by the availability of disaggregated climate change data and by the increasing
computational power. Global Circulation Models (GCMs) are now used extensively
to make projections related to the main climatic variables under different scenarios.
Although the results of these models are controversial, especially at the regional
level, the mean values of the results from many available GCMs are used as a
proxy. The type and specification of special impact models used to translate GCMs
output to economic impacts differ according to the aim of the study. Lastly,
computable general equilibrium modeling has become the standard approach to

estimate the economic effects.

There is vast literature related to the agricultural and economy-wide effects of
climate change. The literature survey here will be selective by considering the
studies that adopted similar approach to the one adopted in this chapter. More
comprehensive surveys on the integrated approach can be found in Hertel & Rosch
(2010) and also in Palatnik & Roson (2009).
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In their study Bosello & Zhang (2005) use a GCM that combines a crop- growth
model with a global CGE model (GTAP-E). The climate scenario is endogenously
produced by the economic model. The results indicate that climate change has a
limited impact on agricultural sectors mainly due to the smoothing effect of
economic adaptation. Bosello & Zhang (2005) are separated from the other studies

since they report insignificant effects on agriculture.

Rosegrant et al. (2008) and Nelson et al. (2009) use a global food supply and
demand model (IMPACT) together with a biophysical model (DSSAT) to estimate
the impacts of climate change on agriculture at the global level. They report that
climate change will affect human well-being negatively due to declining yields and
increasing prices. Calorie availability will be worsened and child malnutrition will
increase by 20 percent. They estimate that USD1.7 billion in 2000 prices is needed
to offset the effect of climate change on calorie availability.

Cretegny (2009) develops a conceptual framework that uses an integrated approach
at national and global level. The study presents an implementation of bottom-up and
top-down approaches for integrated modeling of climate change. In the bottom-up
methodology, the projected changes in climatic variables obtained from multiple
GCMs are first downscaled to local levels, and then they are used to estimate the
vector of impacts on key economic sectors using sector-specific impact assessment
models. In the top-down methodology, the climate projections are used to derive
regional sector-specific damage functions that are used to calibrate a global

dynamic multi-sectoral CGE model.

Thurlow et al. (2012) investigate the effect of climate variability and climate change
on Zambian economy by using a hydro-crop model (CropWAT model of FAO) for
maize in Zambia together with a dynamic CGE model. They use historical climatic
data and HadCM3 results from a hydro-crop model to obtain yield responses of
maize under different drought and climate change scenarios. They estimate yield
losses up to 50 percent in years with severe drought. The results of CGE model

suggest that climate variability may result in USDA4.3 billion losses over a 10-year
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period, leaving 300,000 people below the poverty line. Climate change effects add
another USD2.15 billion to the losses; pushing 74,000 more people below poverty

line.

Ciscar et al. (2009) use various impact assessment models with a CGE (GEM-E3)
model. Most EU countries are modeled individually in the CGE model. DSSAT
crop models have been used to quantify the physical impact on agriculture. Their
findings suggest that most European regions would experience yield improvements
during the 2020s, but in the 2080s average crop yield will fall by 10 percent.
Southern Europe would experience relatively higher yield losses. They estimate that
annual damage of climate change to the EU economy in terms of GDP loss will be
between €20 billion to €65 billion implying 0.2 percent and one percent welfare

loss, respectively.

Pauw et al. (2010) use a general equilibrium model to estimate the economy wide
impact of production losses due to hydrological extremes in Malawi. Climate
simulations are based on production loss estimates from stochastic drought and
flood models. Results show that 1.7 percent of GDP will be lost due to climate
change, small farmers will be affected more prominently, and food shortages are

likely to affect urban households significantly.

Calzadilla et al. (2011) investigate the impact of variation in water availability due
to climate change on the global agricultural production. They use a multi-sectoral
global CGE model (GTAP-W) and a Global Environmental Model, which includes
a dynamic river routing model (HadGEM1-TRIP), to simulate changes in
temperature, precipitation and river flow over the next century under the IPCC
scenarios. They report that global food production, welfare and GDP will decline.
Food prices are expected to increase. They also show that countries are not only
influenced by regional climate change, but also by climate-induced changes in
competitiveness in the global markets.

Fernandes et al. (2012) use an agro-ecological model together with an applied

general equilibrium model (ENVISAGE) to assess the impact of climate change in
12



Latin America. The agro-ecological model consists of crop development, soil types,
water availability, abiotic factors, management and crop suitability components.
The results suggest that there will be significant decline in the yields of major crops
and the effects will be higher after 2050. Adaptation is partially effective in off-
setting the climate change effects. Economic impacts are also significant, adding up

to 1.3 percent decline in region’s GDP.

All studies share two common findings. First is that climate change effects on the
overall economy and particularly on agricultural production may be significant,
especially for developing countries where the share of agricultural value added in
GDP is high. Secondly, the effects accelerate in the second half of the 21 century,
especially for developed countries. The results are region and crop specific, and
aggregation at any level underestimates the effects. Adaptation policies can be

effective to lessen the economic losses.

The modeling approach used in this Chapter follows the three pillar approach
presented in Figure 2.1. We use the output of a GCM as an input for the crop water
requirement model to estimate the yield and irrigation water requirement of
different crops. Then the output of the crop water requirement model is used as an
input for the CGE model in the form of productivity shocks. Details of the modeling

structure are provided in the next two sections.
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Figure 2.1: Summary of modeling approach

2.2.1 Crop Water Requirement Model

The physical effects of climate change on agricultural commodity production are
generally assessed by using hydrology and crop simulation models. These models
take the forecasts of the major climatic variables, i.e. precipitation, temperature and
wind speed, from the global circulation models (GCM), and use them to calculate or
estimate the induced yield changes. The aggregated results obtained from the crop
water requirement model are presented in this section and the detailed description of
the model can be found in Appendix A. The estimated changes in yields and
irrigation requirements are then introduced to the CGE model as climate change

shocks.

The average value of ET; (the reference evapotranspiration) is presented in Figure

2.2. ET, increases slowly until 2060. However the oscillation around the mean
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value increases significantly between 2035 and 2060. Significant rise in the pace of

increase inET, is observed from 2060 to 2075, and the variation in ET, remains

high after 2075.
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Figure 2.2: Change in reference evapotranspiration (percentage change with
respect to base period)

We use the change in yields for 35 crops (for details see Appendix A) to calculate
the change in agricultural value added relative to the production value of
agricultural products in 2008 for each NUTS-3 regions. Then, we aggregate the
results at NUTS-1 regions by using the following formula:

ZCAYC,R3'PC,R3'QC,R3
AVARl = ZRSeRl

ZC PC,R3'QC,R3 (2.1)

where AY ., is the change in yield, P..;is the price, Q_rsis the production
quantity of crop ¢ in NUTS-3 region R3.
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Monthly irrigation requirements for each crop in each region and year are calculated
as the deficiency between precipitation and ET, . Area of cultivated land in 2008 is

used to find a weighted sum of the total irrigation for each NUTS-1 region, and also

to determine a region-wide irrigation requirement per hectare.

IR _ ZRSeRlZC ZM (ETSC,R&M,Y B PRR&M,Y )‘ C,R3,2008
Quyy =
ZC ,R3,2008 (22)

where ETS¢ g,y v IS evapotranspiration of crop C under water stress in region R3,
month M and year Y. PRg;,, , is the effective precipitation in region R3, month M

and year Y. Ac g3 008 IS the harvested area of crop C in region R3 in 2008.

The change in the irrigation water requirement is calculated relative to the average

irrigation water requirement for the period 2001-2010.

IRQ
Al RQRl,Y = 2010 .

z IRQC,Rl,B/I'O

B=2001

(2.3)

Figure 2.3 displays the estimated changes in yields and irrigation water

requirements from 2001 to 2099. The changes in yields and water requirements
follow slightly different trends than ET;. Yield changes oscillate less in comparison

with water requirements, which is highly dependent on precipitation. Both figures
oscillate around base decade values until 2035. After 2035 the yields start to decline
while irrigation requirements start to increase. Consequently, increase in irrigation
requirements and decline in yields become significant after 2060. Lastly, note that

variation in yields and irrigation requirements are significantly higher than the

variation in ET,
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Figure 2.3: Average yield change and irrigation water requirement

A more accurate way to look at these yield changes is considering them as drawn
from a probability distribution. In that case climate change will affect the mean and
standard deviation of the distribution of yield changes. Effects on the economy for
each period will also be drawn from a probability distribution. Figure 2.4 shows the

estimated probability density" of the yield shocks for the periods mentioned above.

The distribution of yields shifts to the left indicating lower means for the yield
shocks. The spread of the distribution, which is related to the climate risk, is also
higher in the second and third period compared to the first period. In the first period

the distribution is centered on zero median and almost zero mean with extreme

! Kernel density estimation graphs are used to visualize this approach. Kernel density estimations are
smoothing methods to estimate the probability density function. We follow the methods developed

in Silverman (1992) to estimate the probability distributions from the model results.

17



events in the range of £10 percent. In the second period the mean is not affected
much and shifts towards -3 percent. However, the extreme events spread —15
percent and 10 percent change in yields with higher probabilities assigned to the
negative extremes. In the last period this pattern becomes quite significant together
with a substantial decline in mean and median. Hence, it can be concluded that the
climate change will both decrease the mean of the yields and increase the risk of

extreme events causing significant decline in yields.
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Figure 2.4: Distribution of yield shocks

The spatial patterns of yield and irrigation requirement changes are given in Figure
2.5 for the periods 2010-2035, 2035-2060 and 2060-2099 and the corresponding
kernel density graphs can be found in Figure B.1 of Appendix B. The spatial
variation of the effects is also significant. In the Western regions, yields increase
and irrigation requirements decline in the first period. That is, western regions are

generally better off during the first period. In the central regions, the change in
18



yields is generally small with lower irrigation requirements. The eastern parts, on
the other hand, are likely to experience an increasing water requirement and slight
declines in the yields starting from the first period.

Change in Yields Change in Irrigation Requirements

Source: Author’s Calculations

Figure 2.5: Spatial effects of climate change

In coastal zones, central regions and eastern parts of the country, the effects of
climate change differ significantly in the second period. In the coastal regions, yield
changes are not significant, except in the Thrace, and irrigation requirements
increase slightly. Eastern parts of the country become slightly worse off with lower
yields and higher irrigation requirements. However, Central regions are heavily
affected from of climate change. Average yield loss exceeds 10 percent for some
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provinces, while decreasing trend in irrigation water requirements in the first period

is completely reversed.

The difference in the effects of climate change becomes significant in the north-
south axis, rather than the east-west axis. Furthermore, although the changes in
yields and irrigation requirements follow approximately the same spatial pattern in
the first two periods, they follow completely different patterns in the third period.
The provinces that suffer from high yield loss form a belt like shape starting from
Thrace, extending through the northern parts of the central regions and ending in the
central parts of the eastern regions. The increase in the irrigation requirement is
higher in the Northern regions, especially in the central regions and Thrace.

Our results support the findings of the other studies in the literature, both at the
national and global level. The effects become more significant after 2060s.
Furthermore, the effects are significant for all periods in some regions. Results also
show that the variation in yields is higher than the variation in climatic conditions.
This suggests that agricultural production is more prone to climatic changes and
risks related to it. Lastly, as predicted by many studies the technical conditions
become more favorable for agricultural production at the early stages of climate

change when the increase in the mean temperature is below 2°C.
2.2.2 Regional CGE model

The Walrasian CGE model developed in this chapter disaggregates the economy
into seven activities producing commodities for seven sectors in each of the 12
NUTS-1 regions. The activities are agriculture, food production, textiles, other
manufacturing, energy, public services and private services. The production
structure of the activities is presented in Figure 2.6. We use a three level nested
production function which aggregates different factors and inputs at different levels.
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Figure 2.6: Production structure of the model

Water is introduced as a factor of production as a perfect complement to the
irrigated land. Hence we introduced a Leontief nest to the production function. The
composite factor that is produced at this nest enters into a CES production function
with other factors. Finally this second composite value added is introduced into a
new CES nest with a composite intermediate input. The composite intermediate
input is produced by a Leontief nest. Since water and irrigated land are perfect
complements, the price of the water-land composite is a weighted sum of prices of

water and irrigated land and the weights are the Leontief coefficients.

Only agriculture use irrigated and rainfed land in production. Hence there is no
additional Leontief nest of water-land composite for the other sectors. However
water is employed by all sectors. Water enters directly into value added nest with

labor and capital.
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There is only one type of household in each region. Income generated by factors in
a region is distributed to the household in the same region. Households receive
income from labor, land and water, while capital income goes to firms. From this
income, firms pay institutional taxes, make transfers to the rest of the world, and
distribute the remainder to households together with the transfers from the
government. Households use their income for consumption, leisure, savings and
taxes. Households maximize a Linear Expenditure System (LES) utility function to
make consumption decision. Leisure enters the utility function like any other
commodity, while the wage income is included as a budget constraint. The utility

maximization problem is:

k
maxu, , = 5, In(Lr,h _70,r,h)+ Zﬂr,i In(QHi,r,h _7/i,r,h)
i-1

k
S't' zpr,iQHr,i +Wr,h Lr,h = EHr,h +Wr,h Lr,h = Wr,hTr,h +YNLr,h :Yr,h ( )
i=1 2.4

where the indice i denotes commodities, r denotes regions and h denotes the

households. QH, ., is household demand for commodity i, QFS, is labor supply,
U,, isunemployment, L, is leisure, P,; is commodity prices, w,, is wage rate of
labor, EH_, is total consumption spending of the households, T, is the total

number of working age individuals in a household. YNL, , is non-labor income, Y, ,

is total income. The above formulation suggests that households decide how many
people should work to earn wages and how many of them are reserved for leisure.
Unemployment is determined in the labor market as the difference between labor
supply and labor demand. We assume that households neither receive leisure nor
wages for unemployed people.

The analytical solution of this problem yields the following demand functions:

ﬁi r,h ( . j
QHi,r, =7/i,r, + = EHr _Zpi,ryi,r,
" " (1_ ﬂo,r,h ) Pr i " i=1 " (25)
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B <
QFSr,h _Ur,h :Tr,h ~Yorn — ( 2eh EHr,h _z Pr,i7i,r,h
i-1

1= Byen ) We, (2.6)

In the above equations, T, —y, ., is the total working-age population and it is not
adjusted for wages since household cannot control the total population T, or the

parameter y,,,. Hence, following Thurlow (2008), we introduce the following “rule

of motion” for total available working-age population:

Tr,h,t ~Yorht _ (\Nfrr,t/cpit ]”

Tr,h,b ~Yornb Wfrb/cpib 2.7)

where the t denotes a post-simulation values and b denotes the base run values, wfr
is wage rate and cpi is the consumer price index. Accordingly, an increase in real

wage rate increases the total available working age population, and vice versa.

Government receives tax income from activities, commodities, firms and
households as well as transfers from the rest of the world. This income is used for
government consumption, transfers to households and firms, government savings

and transfers to the rest of the world.

Production activities make payments to commodity accounts for intermediate
inputs, to factors such as wage payments and to government as net taxes. They
receive payments from commodity accounts in exchange for supply of goods and
services. Commodity accounts also make payments to the rest of the world for
imports and to government for indirect taxes. They receive payments from

households for consumption of goods and from the rest of the world for exports.

Model closure rules follow conventional neoclassical assumptions. Since
simulations are designed to account for the long run climate change effects, it is
assumed that the price of capital and land is fixed while their supply and demand

adjust to the new equilibrium. Water is assumed to be fully employed and mobile
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among activities within a region and its supply is fixed. Demand for water adjusts to
the new equilibrium. Consumer price index is the numéraire and hence is fixed
while domestic producer price index adjusts to clean the markets. We use a
balanced closure rule for saving-investment market. Investment is a fixed share of
absorption and marginal propensity to save is scaled to equalize savings and
investments. Exchange rate is fixed by allowing foreign savings to adjust to keep
the current account at balance. The share of government demand in total absorption
is also fixed. Lastly, government savings are fixed, while direct tax rates are flexible
and are scaled for households and firms to sustain the balance of government
accounts. Further discussion of closure rules can be found in Lofgren, Harris, &
Robinson (2003).

2.3 Description of Data and Simulations

The aggregate version of the SAM (Social Accounting Matrix) used in the analysis
follows from Yigiteli (2010) who presents a national SAM of the Turkish Economy
for the year 2008. The SAM developed by Yigiteli (2010) consists of 49 production
activities which produce 49 commodities using formal and informal labor, land and
capital. It has five household types differentiated according to income groups. We
used various data sources to regionalize the 2008 National SAM into 12 NUTS-1

regions.

The 1/0 table used in this model is a regionalized version of 2002 1/O table that is
published by TurkSTAT (2011a). Augmented Flegg Location Quotients method
(Flegg & Webber, 2000) is used to regionalize the 2002 National 1/0O table by using
regional data on employment. The latest regional employment data available for all
sectors of the model is for 2002. Hence the shares of each region in each sector are
used to interpolate 2008 employment figures across regions. These employment

figures are in turn used in AFLQ formula as described in Flegg & Webber (2000):
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where E]is employment in sector i of region R, and E" is national employment in

sector I, while ¢ is a constant assumed to be 0.3 following Flegg & Webber (2000).

a; that denotes the element of 1/O table in ith row and jth column, is calculated as:

R _ AN R
a; =& ;-AFLQ/; 2.9)

where a;' is the national 1/O share.

After calculating new regional 1/0 shares further adjustments are made in the SAM.
Firstly, the regional coefficients do not necessarily add-up to one for an activity in a
region, that makes 1/O table imbalanced. To keep the balance of I/O columns, it is
assumed that the deficiency (or excess) in the row sum of regional 1/0O table is due
to the missing intermediate input trade among regions. Hence intermediate input
trade among regions that make 1/O table consistent is calculated by assuming that
the intermediate input flow from one (exporting) region to another (importing)
region is proportional with the share of exporting region in national production.
Secondly, the row sums of 1/0O table do not necessarily add up to regional
production figures. Hence regional production figures are adjusted according to new
I/0 table. The imbalance in the commodity accounts, which is caused by this

operation, is in turn balanced by introducing inter-regional trade.

Interregional trade is the key economic link among regions. Since the data on
interregional trade is scanty, it is calculated for the purpose of this analysis. The
discrepancy between the production and consumption of a region needs to be

supplied by other regions to keep the SAM balanced. In doing so, it is assumed that
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every region's supply of commodities to the other regions is proportional to the
former's share in the national production. That is to say, differences in
transportation costs among different regions are ignored. Regions where production
exceeds consumption are assumed to consume only their own products and export
the remainder to other regions. For importing regions, the imported amount is
subtracted from the region's production to keep the balance between consumption
and production. In other words, we assume that interregional trade is done among
producers of exporting and importing region and wholesalers of importing region.
Hence value added produced in a region also includes the value of commaodities
obtained by trade. A better alternative would have been introducing interregional
trade through households but due to lack of data this option is not viable for the

current model.?

The need for intermediate input and commodity trade among regions can be
elucidated with an example. Istanbul, namely TR1, is characterized by high
industrial employment and production with small agricultural employment and
production. However, the consumption of agricultural products is significantly
higher than the production in Istanbul due to the population size. It is impossible to
satisfy the consumption in Istanbul with its own production. Hence, the discrepancy
in regional supply and demand is assumed to be supplied by other regions,
according to the share of the latter in national production. That is, a region with

higher agricultural production supplies more agricultural commodities to Istanbul.

The need for interregional trade in intermediate goods can also be explained in the

context of agricultural production in Istanbul. Istanbul has a high share in

% This interregional trade is neutral in the sense that, we do not introduce any behavioral assumption
for wholesalers. They only transport the goods of the importing sector to the suppliers of exporting
sectors and there is no transaction cost in the process. Further, we also assume that the commaodities

from different regions are perfectly substitutable.
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manufacturing production and hence an important part of agricultural inputs is
produced in Istanbul. However, since Istanbul produces small amounts of
agricultural products either the intermediate input use of agricultural sector in
Istanbul needs to be unrealistically high or some of the intermediate inputs need to
be exported to the other regions. The distribution among regions is again
proportional to the production of the exporting region. By following this logic we
create a bilateral intermediate input and commodity trade matrix.

The value added for water is calculated from the rent differentials obtained from the
Quantitative Household Survey (QHS) held by the G&G Consulting et al. (2005).
Data for the 1,356 farm households are used to calculate the rent for irrigated and
rainfed land at NUTS-1 level. Average rental rate per ha. in 2004 is projected to
2008 by assuming that the change in rent would be same as the change in wholesale
price index for agricultural sector which is approximately 32 percent between 2004
and 2008. The difference between the rental rate of irrigated land and rainfed land
was attributed to the irrigation, and hence that difference was used as the price of
water. The value added of water in agricultural sector is calculated by multiplying
the rent difference with the area of irrigated land. The payments from other sectors
to water factors are calculated from TurkSTAT Municipality Water Statistics
(TurkStat, 2011a).

Regional employment shares for each sector are obtained from the Annual Industry
and Services Statistics (TurkStat, 2011b). Then, national employment figures
reported in Regional Household Labor Force Statistics (TurkStat, 2011c) for each
sector are distributed to the regions by using these shares. Total working-age
population is based on the number of people between 14 and 65 years of age.
Regional unemployment figures are also obtained from the Regional Household
Labor Force Statistics (TurkStat, 2011c).

The regional disaggregation of the trade figures was done by using TurkStat’s
Regional Foreign Trade database for 2008 (TurkStat, 2010c). Agriculture, energy,
manufacturing and services are disaggregated directly by using the shares of regions
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in the trade of these sectors. Regional trade data for food and textiles are not
available. Hence trade figures of regions are adjusted by taking into account the
region’s share in the national production of the relevant sector and region's share in

the trade of manufacturing. The formula used is as follows:

(2.10)

where v, is the regional share, X is a region’s production in the sector and Y is

volume of the region’s trade in manufacturing. Shares that are less than one percent
are ignored. For imports, region’s share in manufacturing trade is directly used for

adjustment.

Yigiteli (2010) assumed a constant rate of tariff for all commodities. Tariffs are
recalculated from the average applied tariff rates at HS6 level for 2008 (Ministry of
Customs and Trade, 2011).

Consumption is disaggregated according to TurkStat (2010b) which reports
distribution of household consumption according to regions and income quintiles.
Households are not allowed to consume commodities from other regions.
Government consumption is distributed according to the 2008 Public Accounts
Bulletin (General Directorate of Public Accounts, 2010a). Government
consumption in each sector is distributed according to the region's share in total
government expenditures on goods and services purchases. Transfers are also
distributed according to 2008 Public Accounts Bulletin (General Directorate of
Public Accounts, 2010b). On the other hand, investments in different sectors are

distributed according to region's share in value added.

Factor incomes are distributed according to the regions' shares in factor value

added. However since capital income is distributed to the regional firms, an
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adjustment is made in the capital account to keep the balance of SAM intact. Firm
income is then distributed to households as rent income, government as taxes and
rest of the world as transfers abroad. The imbalance in the firm account is balanced
by increasing the government transfers to the firm. Since this difference is generally

small, the balancing procedure is not likely to affect the model results.

Profit transfers to abroad and workers’ remittances from the rest of the world are
distributed according to the regions’ shares in the national capital income®. The
number of people receiving pensions per region, as reported by Social Security
Institution Yearbook 2008 (Social Security Institution, 2010) is used to distribute
the transfers from SSI to households. Other transfers from government to
households are distributed according to each region’s share in the total transfers as
reported in the Social Assistance and Solidarity Fund (2010). Government savings
and payments to ROW made by government, as well as tax incomes of government
are not distributed since these accounts are national. Tax payments of domestic
institutions are distributed according to data reported by General Directorate of

Public Accounts (2010a). Regions' shares are calculated using accrued tax amounts.

Some minor adjustments are done in the SAM to eliminate very small trade figures
that appear in the energy trade of the North Western and Central Regions as well as
food trade of the Eastern regions. Small exports are added to the S-1 account. Import
taxes are deducted from S-1 account. A similar adjustment is done for interregional
trade. Accordingly, small interregional trade is eliminated by moving these figures
to the production of consuming regions. Then the difference is added to the S-I
account. The sum of moved figures are added to the government savings accounts

and discounted from the transfers made to the government from the rest of the

® The method of distribution of remittances from abroad does not have a significant effect on the

model, since the share of remittances in household income is only about 0.2 percent.

29



world. 1/0O table is also adjusted for small figures. Small figures flowing from
agriculture to energy and to private and public service commodities are added to the
labor value added. The increase in the income generated by the labor is distributed
to households. Then the household consumption is increased respectively to balance

the commodity accounts.

The climate change scenario is simulated by simultaneously shocking the average
yield and irrigation water requirements at NUTS-1 level. One important caveat
about simulations is that they are static experiments derived from annual changes

and hence the results lack any dynamic feedback effects.

2.4 Results and Discussion

Simulation results suggest that the effects of climate change on economy will be
quite significant’. Table 2.1 shows the effect of climate change on main
macroeconomic variables. Welfare indicators such as absorption and household
consumption do not change significantly in the first period, but worsen in the
second and third periods. The change in the second period is likely to be caused by
the years with extreme conditions, while the changes in the third period are due to
decline in the average technical conditions of agriculture. Although the maximum
values are close to the first period, the minimum values are significantly lower. This
implies that the effects of climate change in the second period may be essentially
attributed to the “bad” years due to extreme climatic events, which in turn affect the
economy adversely. In the third period, the negative effects become considerably
higher, with vast declines in maximum values and relatively small declines in

minimum values. This suggests that in the third period, the effects of climate

* We run statistical tests to see if the mean and variance of the total production differs across the
periods. Difference between the average changes in the production value of all sectors among

periods is statistically significant at 5 percent significance level.
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change will not only be felt through the extreme events but the average conditions
will also worsen. The effect on the foreign savings and the ratio of other macro
indicators to the GDP is insignificant. This implies that the change in these

indicators is parallel to the change in GDP.

Table 2.1: Effects on selected aggregate variables (base values at billion TL)

Base Percentage Change
Level 2010-2035 2036-2060 2061-2099
Billion TL. Min. Avg. Max Min. Avg. Max Min. Avg. Max
GDP 8436 -6.46 0.10 596 -8.02 -1.39 599 -972 -3.99 1.70
Absorption 996.4 -6.13 0.08 556 -7.61 -1.33 560 -9.25 -3.78 157
g Household 6889 -6.59 0.09 598 -820 -143 6.00 -9.96 -406 1.70
x Cons.
Export 2272 -6.14 0.08 589 -7.66 -1.39 586 -9.20 -3.83 1.57
Import 269.3 -5.18 0.07 4.97 -6.46 -117 494 -7.76 -323 1.32
Ezf‘é Exch. 100 -0.28 001 028 -0.37 -0.08 029 -040 -0.18 0.10
:?f(’jm' Price 100 -254 -0.01 211 -319 -057 217 -3.92 -159 0.48
Investment 2223 -0.03 0.00 0.04 -0.03 001 005 -001 002 0.06
a Private
8 _saving 15.08 -0.31 0.00 027 -0.39 -0.07 026 -049 -0.19 0.08
o Foreign ) . )
2 Saving 524 -0.19 000 022 -019 005 027 -0.06 013 0.33
g Trade 6.62 -0.16 000 019 -0.16 004 024 -006 0.11 0.30
Deficit
Gov. Saving 191 -011 000 0.14 -011 003 0.17 -0.03 0.08 021

Source: Author’s calculations

The risk associated with the climate change is illustrated by the spread of change in
GDP over three periods in Figure 2.7. Risk is relatively low with a mean and
median around zero and higher probabilities assigned to relatively small changes in
the first period. Hence the probability of observing a positive growth is high. In the
second period, although the mean and median of the distribution do not change
considerably, the probability assigned to the tails increases. Thus the probability of

observing a negative change increases substantially. Finally, in the third period, the
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mean and median shift to -5 percent while the spread increases. Hence, in the third
period the probability of observing a positive change in GDP is very small.
Consequently, climate change does not only decrease the average growth rate but
also increase the frequency of extreme events. This has quite significant
implications for the climate policy. Adaptation under these circumstances implies
reducing the adverse effects not only in the average but especially in negative
extreme years. Hence this fact should be taken into account when making the cost

benefit analysis for adaptation.

Nominal Gross Value Added in All Sectors
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Figure 2.7: Distribution of nominal gross value added

Table 2.2 shows the change in household income. The average change in the

household income is small for the first period while it becomes significant in the

following periods. The difference between the average values gets wider in the

second and third period. Furthermore, the maximum and minimum values of the

change in the household income differ significantly across regions. Accordingly,

incomes of the households in the western and central regions are more sensitive to
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the extreme climatic conditions. This is mainly due to significant decline in the
prices of the factors that are more often employed by these regions, since the prices
of capital and land are fixed and the share of water in the total income is quite
small, the changes in household income are mainly driven by wages. The change in
wages is in turn driven by the ability of firms to substitute water with labor in the
non-agricultural sectors and with water-land composite in agriculture. Accordingly,
the substitution is limited in Thrace, central Anatolia and eastern regions due to the
low water use in the base year. These regions benefit from the increase in the water
price since income generated by water goes to households. This brings about an
important feedback effect. The increase in the demand for water will drive the price
of water up and this will compensate the loss in household welfare due to

decreasing wages in the mentioned regions.

Table 2.2: Household income according to regions (base values at billion TL)

Base Percentage Change
Level 2010-2035 2036-2060 2061-2100
million TL.  Min. Avg. Max. Min.  Avg. Max. Min.  Avg. Max.

TR1 212,394 -11.13 0.13 1044 -13.80 -2.50 10.45 -16.49 -6.90 2.67

TR2 41916 -394 -014 421 -220 0.09 204 -395 -0.04 2.66
TR3 117556 -771 -0.15 658 -9.65 -187 7.36 -11.60 -498 1.36
TR4 87828 -786 010 725 -982 -171 739 -11.81 -492 1.73
TR5 89,146 828 009 764 -1032 -1.81 7.73 -1252 -5.16 1.78
TR6 100,333 574 010 535 -7.17 -118 554 -8.88 -3.61 1.30
TR7 38,343 -235 015 363 -232 017 281 -338 -045 1.45
TR8 46,688 -432 0.06 393 -470 -098 3.07 -5.57 -230 277
TR9 29,798 -280 005 282 -372 -0.80 226 -445 -192 0.19
TRA 21,083 -237 075 555 -346 069 544 -353 217 7.93
TRB 35,165 -1.02 088 341 -249 154 378 -110 294 6.05
TRC 70,180 -1.35 0.00 1.03 -1.43 -0.22 1.10 -2.01 -0.80 0.81

Turkey 890,431 -6.18 0.10 573 -766 -1.33 576 -9.28 -381 1.61

Source: Author’s calculations

Climate change affects all sectors significantly, although the shocks are introduced

only to the agriculture. This is a result of complex interactions among the sectors.

The significant change in food production can be explained by the fact that

agricultural commodities are important intermediate inputs for this sector. However,
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this is not the only linkage between the sectors. All sectors compete for factors and
hence a change in the factor demand in one sector affects all sectors. Secondly, the
sectors also interact in the commodity markets. Since all commodities are
substitutable in household demand, a change in the price of one commaodity affects
the demand for other commodities as well. Table 2.3 reports the state of commodity
and factor markets. Details for the rest of the sectors can be found in Appendix
Table B.1. The average changes in the markets are not significant for the first
period. There is a slight increase in production and consumption of all commodities
while prices remain almost constant. The most important changes in international
trade are observed in agriculture, food and textile trade. Agricultural trade increases
significantly due to the increase in exports. Despite the slight increase in imports,

the trade balance improves.

Food and textile sectors follow the same trend where exports increase more than
imports. Imports and exports in the other sectors do not change significantly. The
second significant effect in the first period is on water and irrigated land markets.
Declining water requirement causes the price of water to decline and this, together
with the increasing productivity of agriculture, drives the demand of irrigated land

upwards.

The effects are reversed and become significant in the second and third periods. All
sectors suffer from a serious fall in production. The decline is higher in agriculture.
Consumption of all commodities also falls. For agriculture and food sectors,
decreasing household incomes and increasing domestic prices underlie the decline
in consumption. That is to say, income and substitution effects work in the same
direction for these sectors. For the rest of the sectors, income and substitution
effects work in the opposite direction. Declining household incomes decreases the
consumption while declining relative prices increases it. Consequently, the decline

in consumption is milder in non-agri-food sectors while it is higher for agriculture.
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Table 2.3: Sectoral results

Base Percentage Change
Level® 2008-2035 2036-2060 2061-2099

Prod. 107,560 0.36 -1.69 -5.12

Market Cons. 64,939 0.19 -1.15 -3.31
Prices 1.00 -0.07 2.58 7.30

Labor 5,018 0.08 1.54 4.52

Irr. Land 5,261 0.78 -3.96 -13.92

Employment Rf. Land 16,708 0.21 1.40 3.49

g Capital 55,017 0.03 1.20 3.23
= Water 1,935 0.00 0.00 0.00
2 Labor 7.68 0.00 -0.45 -1.69
g Irr. Land 0.28 1.24 0.96 0.47
Wage R. Land 0.33 -0.32 -0.71 -1.23
Capital 1.09 0.00 0.00 0.00

Water 1.00 -1.56 8.04 26.63

Import 9,117 0.02 5.86 15.60

Trade Export 5,759 3.53 -5.76 -19.80
Deficit -3,358 -6.00 25.78 76.32

Prod. 30,330 0.11 -1.14 -3.32

Market Cons. 92,422 0.08 -0.71 -2.12
Prices 1.00 -0.06 0.64 2.05

S Labor 687 0.04 -0.55 -1.66
S | Employment  Capital 21,218 0.14 -1.37 -3.99
B Water 131 0.03 0.15 0.40
a Labor 13.07 0.11 -1.11 -3.13
8 | wage Capital 1.00 0.00 0.00 0.00
L Water 1.00 0.17 -1.98 -5.74
Import 5,416 0.04 1.40 3.74

Trade Export 9,310 0.41 -3.89 -10.97
Deficit 3,893 0.94 -11.25 -31.43

Prod. 705,713 0.06 -1.36 -3.85

Market Cons. 665,690 0.06 -1.36 -3.85

S Prices 1.00 0.01 -0.51 -1.41
§ Labor 15,494 0.02 -0.65 -1.87
g Employment Capital 428,803 0.11 -1.76 -5.00
< Water 3,775 0.00 -0.01 -0.01
5 Labor 17.63 0.09 -1.41 -3.94
z Wage Capital 1.00 0.00 0.00 0.00
g Water 1.00 0.16 2.22 -6.35
= Import 275,867 0.09 -2.06 -5.69
Trade Export 212,184 0.00 -1.80 -4.87
Deficit -63,682 0.40 -2.95 -8.43

Note: ® Production and consumption figures and quantity of water are in value added units, i.e. units
that make base prices 1. Labor is in thousand persons. Rest of the base values are in million TL

Source: Author’s calculations
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Agricultural and food prices increase while prices in the other sectors decline in
second and third periods. Price changes get higher in absolute value throughout the
periods. The increases in agricultural and food prices are supply driven.
Agricultural production falls due to the decline in productivity of agriculture which
decreases supply of agricultural products and drives agricultural prices up. This
causes a negative supply shock in food production for which agricultural products
are important intermediate inputs. Consequently, food prices also increase. Since all

prices are relative to consumer price index, price of other commodities decline.

Effects on factor markets occur mainly through the price of water and employment
of irrigated land for agriculture, in the last two periods. For the other sectors, capital
plays a more significant role. Increase in irrigation requirement causes a boost in the
demand and the price of water since its supply is fixed. Consequently, farmers
decrease their demand for irrigated land which is perfect complement with water.
Other factors are mobilized towards agriculture to compensate the decreasing TFP
and water productivity. Hence, capital, rainfed land and labor employment in
agriculture increase. In the rest of the sectors, there is significant decline in the use
of capital and employment. Prices of labor and capital also fall since firms lay off
labor due to decreasing production. Some of this labor is absorbed by agriculture

with lower wages.

In the last two periods, trade is affected significantly by climate change. As
production falls, imports increase and exports decline in both the agricultural and
food sectors. For the rest of the sectors, both imports and exports decline despite the
falling prices. These changes are driven by income and substitution effects among
imported and domestic good. For agriculture and food products, income and
substitution effects work in opposite direction: Since imports become relatively
cheaper, demand for imported goods is favored by substitution effect while falling
household income decreases it. For the rest of the sectors, since prices decline both
effects work in the same direction: Domestic goods become cheaper and substitute
imported goods while declining income of households further reduces demand for
imports. Trade deficit deteriorates in all sectors except manufacturing. This means,
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the decline in imports is proportionally smaller than the decline in exports for the
non-agri-food sectors. Total trade deficit increases since manufacturing is the main
trading sector with 80 percent share in imports and 60 percent share in exports.

Figure 2.8 shows the spatial distribution of value added for agri-food sectors and
other sectors. Although the effects in the first period are small for all sectors, there
are some regional disparities. Agricultural production increases in the
Mediterranean and Aegean regions, while it declines in Southeastern Anatolia. In
the second period, west central regions and southeastern regions are amongst the
most affected. The Mediterranean region is relatively worse off although effects are
magnified for all regions in the third period. In the eastern regions, change in
agricultural production is generally smaller, except for the Southeast Anatolia. In
both periods, regions which are more dependent on irrigation are affected more.
Thus, increase in irrigation water requirement is as important as the decline in

yields in determining the final effect on agricultural production.

Effects on the production of non- agri-food sectors are determined by the strength
of the link between agriculture and other sectors. The west central regions are
affected significantly in the second period. In northwestern and eastern regions, the
effects are slightly positive due to the weak forward linkages of agriculture with the
non- agri-food sectors. In coastal regions, the decline in production of non- agri-
food sectors is generally higher in the third period, except in the eastern Black Sea
region. In Aegean region non-agri-food production declines quite significantly
although the change in agricultural production is significantly milder. This suggests
that, non-agri-food sectors in the coastal regions can substitute agricultural inputs
with other inputs up to a threshold, but once this threshold is exceeded, non-agri-
food sectors become more vulnerable to climate change. The effects on the
manufacturing and services sectors in the eastern regions are relatively small in both
the second and third periods. This is mainly due to the weak link between

agriculture and the rest of the economy in these regions.
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Figure 2.8: Regional production in value added units.

2.5 Conclusion

Turkey consists of regions that are quite diverse in terms of social and geographical
structures. This is also reflected in the economy in the form of different
consumption and production patterns. Distinct regional structures bring about a
complicated network of economic relationships. In order to develop a solid
understanding of plausible effects of climate change on the Turkish economy, one
needs to take into account the interaction between different regional structures.

A CGE model that incorporates the regional diversity is used to discover the impact
of climate change shock. Climate change is introduced in the form of changing

agricultural productivity and irrigation requirements. A crop water requirement
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model is used to estimate these effects for the years 2010-2099. The estimated
values of changes in the climatic conditions were obtained from a regionalized
global climate model. The results of the climate model suggest that the effects of
climate change will become significant after 2035. The average climate conditions
in the period between 2035 and 2060 will get worse, mainly due to increasing
frequency of “bad” years and higher irrigation requirements. On the other hand, the
negative impact after 2060 will be caused mainly by deteriorating average

conditions together with the increasing frequency of climatic extremes.

The effects of climate change on the economy will be witnessed through drastic
changes both in agricultural production and in the relative prices of commodities.
Production of agricultural and food commodities are severely affected by the shock,
accompanied by considerable increase in their prices. Coastal regions are affected
relatively less until 2060s, then they are significantly worse off afterwards. In all
periods, the effects on the regions which use less irrigation water are milder. This
suggests that the increase in irrigation requirements is as important as declining
yields. A similar pattern is also observed in welfare indicators. Household in the

eastern regions are affected less.

The volume of trade declines severely after 2035 and the trade balance deteriorates
in all sectors, except manufacturing. As a result, the total trade deficit decreases.
The need for agricultural and food imports become more severe and this may
contribute in giving higher priority to food security in medium and long term policy

design.

Results presented in this study are compatible with the findings of other studies at
the national or global level. The economic effects are region specific. Hence,
climate change adaptation policy needs to be region specific but should also
consider the interaction among the regions. There are welfare gains in some regions
and significant losses in others. Furthermore, the effects are also asymmetric among
economic agents. As predicted by many studies, the effects become more
significant after 2030s, especially in the form of increasing frequency of extreme

events.
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CHAPTER 3

CLIMATE CHANGE, AGRICULTURE AND TRADE
LIBERALIZATION: ADYNAMIC CGE ANALYSIS FOR
TURKEY

Things should be made as simple as possible, but not simpler.
Albert Einstein

In Chapter 2, we showed that the effects of climate change would be significant for
Turkey especially after 2035. We will analyze the effects of trade liberalization in
the form of tariff elimination as an adaptation measure to climate change in this
Chapter. The model used in Chapter 2 is a static, multi-regional CGE model with
only one aggregated agricultural sector. These simplifications are required to carry
out the analysis at the regional level, but this framework may not be suitable to
analyze the effects of trade liberalization. First, Turkey’s foreign trade has a
diversified structure with respect to its trading partners. Since the rest of the world
is represented with a single aggregate trading partner, the tariffs are average tariffs
implemented on all imports. However, trade liberalization analysis requires a finer
representation of the trade structure. Secondly, an investigation of the interaction
between climate change and trade liberalization requires the introduction of time
dimension to observe the dynamics of the adjustments on the economy over time.
Thirdly protection on the agricultural imports is not homogenous across different
commodities. However, the tariff implemented on the aggregated agricultural sector
in Chapter 2 is an overall average. Hence agricultural sector needs to be represented
at a more disaggregated level, to capture the heterogeneity in protection. Lastly,
although regional details are important for scrutinizing the effects of climate
change, disaggregation of national accounts at regional level is not crucial in
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studying the effects of trade liberalization since the commodities produced in each

region are perfect substitutes.

In this chapter, we develop a dynamic CGE model at the national level with
disaggregated agricultural sector, and diversified rest of the world accounts. Then
we simulate climate change and trade liberalization scenarios to evaluate the extent
of trade liberalization to alleviate the adverse effects of climate change. The climate
change scenario is a detailed version of the one used in Chapter 2. For the trade
liberalization scenario we simulate the elimination of the tariffs imposed by Turkey

on imports from EU27 countries.

World prices are likely to be affected by the climate change. However neither the
sign nor the magnitude of the effect is known. In order to introduce the uncertainty
about the world prices, we assume that world prices follow a normal distribution for
which the mean and the variation are affected by climate change. We assume that
under climate change, mean and variation of the distribution of world prices will
increase reflecting the worsening average conditions and increasing climate risk.
Then we use the stochastic series obtained from the simulation results to derive

conclusions about the importance of the effect of climate change on world prices.

In the following section we present the structure of the dynamic model. The
emphasis will be on the modifications done to the static model. A detailed
description of the data used to modify the SAM will follow. Then the description of
the simulated scenarios and a comprehensive discussion of the obtained results will
be provided in Section 3.3. Finally, the last section will be reserved for the

concluding remarks.

3.1 Description of the model

The model used in this study is an extended version of the CGE model presented in
Chapter 2. The model considers production activities, households, firms,

government and major trading partners of Turkey as the main economic agents and
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attempts to model the behaviors of these agents and their interactions in a well-

established algebraic framework.

Every sector in the economy is represented with one activity that produces one
commaodity using labor, capital, rainfed land, irrigated land and water together with
intermediate inputs supplied from the other sectors. The production function has a
nested structure. The first nest is a Leontief type production function between
irrigated land and water to reflect the complementarity between these two factors.
The second level nest consists of two separate production functions. The first
production function is a CES, and it transforms the water-irrigated land composite
obtained from the first level nest and other factors of production to a composite
factor. The second production function in the second nest is a Leontief production
function that transforms intermediate inputs into a composite intermediate input. In
the third level nest, the composite factor and composite intermediate input obtained
from the second level nest are introduced to another CES production function to
obtain the value added. A detailed description of the production structure can be

found in Chapter 2.

The outputs of the production activities are supplied to the domestic markets as
intermediate inputs, and final consumption goods as well as to the international
markets as exports. Production activities pay taxes to and receive subsidies from the

government.

The value added created by capital is paid to firms as income. Firms receive also
transfers from the government and the rest of the world. This income is used to pay
capital earnings to the households, institutional taxes to government and profit

transfers to the trading partners.

Households receive directly the value added created by labor, land and water as
income, while capital income is received by the firms. Households also receive
transfers from the government and the rest of the world. Household income is used

for consumption, to pay income taxes and to accumulate savings. Consumption is
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modeled with a linear expenditure system. Households receive utility from the part

of the consumption that is above the subsistence level of consumption.

Leisure is also included in the utility function. We used the number of people who
are in the work force but who are not looking for jobs as an indicator of leisure to
overcome the calibration difficulties. People who are not in the workforce (students,
housewives, retired people etc.) are taken as a proxy for the subsistence level of
leisure. This approach can approximate the labor supply decision of the household,
but labor force participation decision is still treated exogenously in the model, since
it is impossible to endogenize the subsistence level of leisure in this framework.
However, we define a “rule of motion™ for the labor force participation. Labor force
participation responses to changes in real wage. A detailed account of the

implemented utility maximization framework can be found in Chapter 2.

Saving behavior of the household is determined by the closure rule. We assume an
investment driven saving behavior at the macro level while the adjustments in
absorption are spread to the all components uniformly. Hence, the share of
investment in absorption is fixed; saving rates of the agents are uniformly scaled to

finance the investment (Lofgren et al., 2002).

There is no behavioral assumption imposed on the government. Government
collects taxes and receives transfers from the rest of the world. Government income
is used for government consumption, savings, and to make transfer payments to
domestic institutions and to the rest of the world. The share of government outlays
in total absorption is constant. We assume that government savings are flexible

while the tax rates are fixed.

Rest of the world account consists of five trading partners who supply imports and
demand exports, pay and receive transfers, and invest in Turkey. Imports follow
Armington specification while exports are modeled with a CET approach.
Accordingly, imported commodities are not perfect substitutes of domestic
alternatives and the relationship between demand for domestic and imported

commodities is managed by the substitution elasticity. The share of export supply in
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domestic production is also managed by a constant elasticity of transformation
function. Foreign savings are always equal to the difference between value of
imports and exports to balance the current account. The share of transfers from and
to domestic institutions in their income is constant. We assume that the foreign
exchange rate for all trading partners is fixed while the foreign savings are free to

adjust.

Following Thurlow (2004), the recursive dynamic process is introduced into the
model through capital accumulation, productivity, population and labor force
growth. The amounts of the aggregate and sectoral capital in the current period are
given respectively by:

K=Ky (1+ Rt) (3.1)

Ka =Keia (1+ rt,A) (3.2)

where k, , denotes the amount of capital used in the activity A, while K, is the

amount of aggregate capital stock®. r, is the annual growth rate of capital stock

used in activity A, while R is the annual growth rate of the aggregate capital

stock. The annual growth rates are calculated by

Rt =—t- A,
K, (3.3)
d
rt,A - Kt'A _é‘t,A
LA (3.4)

> tis the time index for all variables and parameters.
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where D, is the change in real aggregate capital stock, and d,, is the change in

real sectoral capital stock, while A, and &, denote the corresponding depreciation

rates. The change in aggregate capital is calculated as

GFCF,
D =6, P :

t

(3.5)

where 6., is the investment share of capital type F in the total investment. Since
we have only one type of capital, &, is always 1. GFCF, is the gross fixed capital

formation and P, is the price of the aggregate capital. Gross fixed capital formation

is simply the value of investment in the previous period.
GFCF, = Zc PQt—l,CQINVt—l,C (3.6)

where PQ,. is the price of commodity C, QINV,. is the amount of good C used

for investment. The price of the aggregate capital in Equation (5) is calculated as

follows:
R= Zc PQt,C Bt,c (3.7)

where B, are the shares of investment goods in the aggregate capital and is

calculated as

B _ QINV, .
tC T N ~INNs
D QINV, (3.8)

Lastly the sectoral capital stock is calculated by

Dia =740 (3.9
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where y,, is the investment share of the capital stock of activity A in an aggregate

capital stock. y, , is calculated as follows:

i ea(e)
143, =2 -1
Z KIA W (3.10)

where /3, is an exogenous constant that determines the mobility of capital across
sectors, W, , is the price of capital in sector A. W, is the average price of capital

and is calculated by

W Z t,A Z K
LA (3.11)
In other words, y, shows the share of investment in sector A adjusted for the

differences in the price of capital. When the price of capital increases in a sector, a
relatively higher portion of the gross fixed capital formation is devoted to that
sector.

Productivity growth is introduced as an exogenous increase in the shift parameter of

the top level CES production function, «, ,.

Ap = Agn (1+ 77t,A) (3.12)
where 7, , is the total factor productivity growth.

Population growth causes changes in two parameters in the model, which also need
to be considered: an increase in the subsistence level of consumption and an

increase in the labor force. Subsistence level consumption growth is introduced as

an exogenous shock to the subsistence level consumption parameter, 4, .
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M=ty (1+‘9t) (3.13)

where &, is the population growth rate. Growth in the labor force is also introduced
as an exogenous change in the number of people participating in the labor force,

denoted by L, .

L =L, (1"'/11) (3.14)

where 4, is the labor force growth. It is necessary to distinguish between the labor

force growth and population growth, since the former is generally lower than the
latter. Note that the increase in labor force does not necessarily imply increasing

labor force participation since labor force participation is determined by real wage.

3.2 Description of Data

The social accounting matrix (SAM) used in this Chapter involves making three
modifications to the SAM used in Chapter 2. First, the SAM used in Chapter 2 is
aggregated to the national level. Secondly, the agricultural sector of the SAM used
in Chapter 2 is disaggregated into 13 sub-activities: wheat, maize, rice, other
cereals, oilseeds, sugar beet, other field crops, fruits, vegetables, dairy, meat,
livestock and other agricultural production. Thirdly, rest of the world account is
disaggregated into five trading partners who supply imports and demand exports,
make and receive transfers, and invest in Turkey. Non-agricultural sectors are kept
intact. There are 4 manufacturing activities (food, textiles, energy and other

manufacturing production) and 2 services (private and public services).

The disaggregation of the agricultural sector is accomplished using the 2008
production statistics (TurkSTAT, 2012a). We assumed that input-output (1/O)
coefficients of all disaggregated activities are the same as the aggregate agriculture
(TurkSTAT, 2012b). We then introduced some adjustments in the 1/0O table. Crop

production activities use only their own commodities as intermediate inputs and no
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other crop products. Milk and meat production activities are linked only with
livestock production activity which mainly consists of livestock raising. Livestock
activity uses wheat, maize and sugar beet as feed. Agricultural activities do not use
any textiles or public services commodities. To balance the I/O table for the
agricultural activities, we increased the intermediate input use of food production
activity from the agricultural activities. Hence a significant part of the intermediate
input supply of agricultural activities is used by food production. Textiles
production activities use inputs only from other cereals and other field crops. The
energy sector receives input from sugar beet production to reflect the small amount
of ethanol production in Turkey. Minor adjustments are done to balance the other
sectors in the 1/O table. The value added of land is calculated from irrigated and
rainfed land rent data reported by G&G Consulting et al. (2005). The share of
irrigated land in the total cultivated land is obtained from the agricultural master
plans of 81 provinces (Ministry of Food Agriculture and Livestock, 2012). These
shares are then used to find the total irrigated land at the national level. We assume
that the share of irrigated and rainfed land is the same across different crops, since
there is no data at the crop level for the use of irrigated land. However we used
priori information for the use of irrigated and rainfed land by specific crops. For
example, the production of rice and vegetable requires irrigated land. The value
added for water is calculated from the rental difference between the rainfed and
irrigated land at 12 NUTS-1 level from G&G Consulting et al. (2005) and
aggregated to the national level by using irrigated land data.

Agricultural subsidies are introduced to the national SAM using the OECD data as
negative activity taxes. Then capital value added account is adjusted accordingly.
The results are presented in Table 3.1. According to OECD (2013) the highly
supported activities are livestock, other field crops, wheat and dairy. Rice and
vegetables do not receive any subsidies while support for meat, fruits and other

cereals are quite low.
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Table 3.1: Subsidies on agricultural activities (Thousand TL)

Activity Subsidy Activity Subsidy
Wheat 673,138 Fruits 3,775
Maize 71,414 Vegetables 0
Rice 0 Dairy 310,252
Other Cereals 6,163 Meat 1,210
Oil Seeds 114,583 Livestock 853,277
Sugar Beet 16,722 Other Agriculture 49,027

Other field Crops 682,500

Source: Authors’ calculation from OECD (2011)

Households do not directly consume wheat, maize, other cereals, oilseeds, sugar
beet, other field crops, livestock and other agricultural products. The outputs of
these activities are used as intermediate inputs, mostly by the food production
activity. Households, however, directly consume rice, fruits, vegetables and dairy
products. We assume that ‘government’ does not consume any agricultural
products. The resulting consumption pattern is given in Figure 3.1 with ‘private
services for the households’ being the most important consumption item with a 45
percent share. Agri-food products constitute 24 percent of the total consumption; 17

percent of which is made up of processed food.

The ROW account is disaggregated into 5 trading partners: EU27, MENA, North
America, Other Europe, and the Rest of the World. Imports are distributed across
trading partners according to foreign trade statistics (TurkSTAT, 2012c). Minor
adjustments in saving-investment account were necessary to balance the

discrepancy in the trade accounts.
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Figure 3.1: Consumption pattern of households

Tariffs are recalculated according to the GTAP data. We made minor adjustments in
the SAM since the reported amount of tariff revenue is lower than the revenue
obtained when the GTAP tariff rates are implemented. The increase in tariff
revenue is added to the government account while the same amount is discounted
from the supply of commodities. The decline in supply is then balanced by reducing
the capital value added and hence the capital income of firms is reduced. Transfers
from the government to firms are then increased by the same amount to keep
household income intact. Changes in capital and government transfers to firms are

small relative to the initial levels of these accounts.

The tariff rates used in the model are given in Table 3.2. Although the Turkish
protection against EU imports is low at the average, dairy products, meat and fruit
imports are heavily taxed. High protection against the other regions is likely to
favor EU products in case of trade liberalization. The main competitor of the EU27
countries in the Turkish imports market is ‘other European countries’. According to
the baseline data, Turkey’s imports of cereals from other European countries are
higher than the amount of imports of these commodities from EU27.
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Table 3.2: Tariff rates according to trading partners (percent)
EU27 MENA North America Other Europe Rest of the World

Wheat 28.5 43.3 42.9
Maize 125.1 121.2
Rice 32.1 0 32.1 31.6

Other Cereals 92.3 125.1 97.9 121.2
Oil Seeds 1.2 4.8 4.8 8.4
Sugar Beet

Other field Crops 9.3 12.2 15.6
Fruits 39.1 24.5 35.4 59.5
Vegetables 24.5 59.5
Dairy 101.8 116.4 122.8 118.5
Meat 83.6 22.1 7 102.6
Livestock 2.0 4.9 5.3
Other Agriculture 2.3 7.1 0.1 1.9
Other Manufacturing 0 3.9 2.7 1.8
Food Production 12.3 16.9 18.9 21.2
Textiles 0 6.5 5.1
Energy 0 0 0.3
Services 0

Source: Authors’ calculation from (Narayanan et al., 2008).

Foreign savings and transfers from firms to trading partner accounts are distributed
across trading partners according to the foreign direct investment data reported in
the General Directorate of Foreign Capital (2009). Transfers from trading partners
to households (i.e. mainly workers’ remittances) are distributed according to the
data reported by the World Bank (2012). Transfers from trading partners to firms
are distributed according to the Turkish foreign direct investment in other countries
as reported by OECD (2012). This means that that the money transferred from
abroad to the firms are mainly profits of firms from abroad and they are
proportional to the investment made abroad. The results are given in Table 3.3.

The remaining accounts are obtained by aggregating the SAM developed in Chapter
2 over the regions. The compilation methods and assumptions used there remained

unchanged.
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Table 3.3: Foreign savings and transfers (TL million)

North Other Rest of the
EU27 MENA America Europe World
from Firms to ROW 10,136 536 1,021 1,072
from Government to ROW 19,151 63,195
g from ROW to Households 1,317 140 189 130 78
% from ROW to Firms 2,979 4,434 461 1,113
B from ROW to Government 16,907 5,381 53,902
Foreign Savings 46,745 2,472 4,709 4,945

Source: Authors’ own calculation

3.3 Trade Liberalization between EU and Turkey

Trade relationship between Turkey and the EU has been shaped mainly by the
Custom Union (CU) Decision of 1996. The benefits and costs of the agreement
have been the topic of many studies in the literature since then. Starting from the
year 2000, a significant effort has been also devoted to understand the possible
economic effects of liberalization of agricultural trade between EU and Turkey.
Studies in the literature generally focus on full accession of Turkey to the EU or
extending CU decision to agricultural products. So far, the results are ambiguous,

but some general trends can be identified.

The foremost addressed question in the literature regarding the full trade
liberalization between EU and Turkey focuses on the sign and size of possible
welfare effects. Most of the studies reports around 0.5 percent welfare gain or GDP
increase under various agricultural trade liberalization scenarios (Eruygur, 2006;
Harrison et al., 1997; Lejour et al., 2004; Mercenier et al., 1997; Ozer et al., 2009).
On the other hand, a deeper integration with the EU is reported to provide higher
levels of gain for Turkey. Such actions as: improving EU market access (Harrison et
al., 1997), the abolition of nontariff barriers by Turkey (Mercenier et al., 1997,
Zahariadis, 2002), the inclusion of Turkey in the CAP support system (Eruygur,
2006; Nowak-Lehmann et al.,, 2007), creating a sustainable competitive
environment (Bayar et al., 2000), maintaining a flexible labor market (De Santis,
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2000), improvement of the national institutions and free movement of labor (Lejour
et al., 2004), taking into account the scale economies (Sulamaa et al., 2006), timing
of liberalization (Acar et al., 2007), harmonization with the EU’s health and safety
standards (Oskam et al., 2004) are all reported to increase the gains from trade
liberalization for Turkey. Depending on the modeling structure and assumptions
about the way trade liberalization is implemented, it can be stated that an extension
of CU to agricultural sector would result in a welfare gain between 0.5 to 1.5
percent of GDP annually. However, only a few studies report either insignificant
total welfare effects (Augier & Gasiorek, 2003; Cagatay, Saunders, & Amor, 2001;
Cakmak & Kasnakoglu, 2003; Grethe, 2004) or even welfare losses (Bekmez, 2002)
for Turkey.

The winners and the losers from agricultural trade liberalization are also heavily
investigated. The results depend on the scale and structure of the models. Partial
equilibrium models give a clear answer for the distribution of welfare gain from
trade liberalization across producers and consumers. Producers are generally
reported to be losing, while consumers gain (Cakmak & Kasnakoglu, 2003; Grethe,
2004; Oskam et al., 2004). The main reason for this is the declining producer prices
as a result of liberalization. However, this effect is not uniform across all producers
(Oskam et al., 2004). Crop producers are generally worse off (Fellmann et al., 2011)
while the effect on livestock producers’ welfare is ambiguous. Cakmak &
Kasnakoglu (2003), Grethe (2004) and Eruygur (2006) report negative effects while
Fellmann et al. (2011) and Leeuwen et al. (2011) report positive effects. As well,
consumers’ gain is not uniform. De Santis (2000) reports that urban population
would be better off, while rural population is likely to be worse off under CU,

although the effect on income distribution would be negligible.

Studies based on global or multiregional CGE models provide country or region

specific results. The global effect of agricultural trade liberalization between Turkey

and EU is found to be negligible (Sulamaa et al., 2006). Change in EU welfare is

insignificant whether it is positive (Alessandri, 2000; Augier et al., 2003;

Zahariadis, 2002) or negative (Acar et al., 2007; Adam et al., 2008; Alessandri,
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2000; Francois et al., 2005). These effects are also not uniform within the EU.
Given the fact that Turkey’s main competitors for EU market access are the
Southern European countries, Southern European countries are more likely to lose
while northern European countries win (Nowak-Lehmann et al., 2007; Sulamaa et
al., 2006).

The findings about the effects on trade are ambiguous. There is no doubt that the
overall effect on volume of trade between Turkey and EU will increase (Bekmez,
2002; De Santis, 2000; Lejour et al., 2004). In some cases this is accompanied with
a significant trade diversion (De Santis, 2000). Some studies report that Turkey will
become a net importer of crops (Cagatay et al., 2001), while others state that crop
exports will increase more than the imports (Cakmak & Kasnakoglu, 2003; Grethe,
2004; Ozer & Ozgelik, 2009); others assert that Turkey will be net importer of
livestock products (Grethe, 2004). Almost all find that fruits and vegetable exports
will increase (Cakmak, 2007; Eruygur, 2006; Nowak-Lehmann et al., 2007).

Impacts of trade liberalization under climate change have not been subjected to any
analytical studies for Turkey. However, the issue of interaction between trade
liberalization and climate change has been addressed at the global scale. The main
argument in the literature is that trade liberalization can alleviate the negative
effects of climate change by boosting international trade. Trade liberalization is
reported to have welfare improving effects (Calzadilla et al., 2011; Chen et al.,
2012; Laborde, 2011; Reilly et al., 1993). However these effects are generally weak
and won’t compensate for the adverse effects of climate change (Randhir & Hertel,
2000; Reilly & Hohmann, 1993). Welfare gains from trade liberalization are
dependent on the elimination of production and export subsidies (Randhir et al.,
2000). The effects are not uniform and depend on the geographic location
(Calzadilla et al., 2010; Reilly et al., 1993) and the degree of regional vulnerability
to climate change (Reilly et al., 1993). Poor people are expected to be affected more
from the changes (Laborde, 2011).
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To sum up, trade liberalization is expected to increase the welfare of Turkey,
especially through its effects on consumers. However, the findings in the literature
are quite diverse and vary based on the data and method of analysis, and exclude the
effects of climate change. Most of the studies rely on quite old databases such as the
GTAP database with the base year being 1997, long before CU became fully
functional. Almost all studies employ static models which ignore the dynamic
aspects of the problem. Almost all CGE models lack a detailed disaggregation of

agriculture while partial equilibrium models ignore the feedback mechanisms.

In this chapter we try to fill the gap in the literature with a detailed and enhanced
modeling framework. The welfare effects of trade liberalization and its reflection in
production, consumption and food security will be at the center of our analysis. We
will also explore the relationship between climate change and trade liberalization to
see if trade liberalization can alleviate the adverse effects of the climate change. We
will address whether unilateral trade liberalization can be considered as a policy

alternative to help climate change adaptation efforts of Turkey.
3.3.1 Scenario Design

To simulate the effects of trade liberalization between EU and Turkey under climate
change, we run three scenarios over the period 2008-2099. First, we run a baseline
scenario that mimics the growth path of the Turkish economy for the period 2008-
2099. The results of the baseline scenario are used for benchmarking the other
scenarios. Climate change effects on yields and irrigation requirements are then
incorporated on top of the assumptions made for the baseline in the second scenario.
Lastly, we introduce unilateral tariff elimination by Turkey against the EU imports
as a policy response to climate change effects. Climate change and tariff elimination
scenarios are run under 52 different changes in the world prices for each year. The
series for world price changes are calculated using the Gaussian-Quadrature method
from the historical world price series for each commodity.
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We start this section with the description of the scenarios. Then the simulation
results are discussed. More emphasis will be given on the results of trade
liberalization scenario by benchmarking them against the results of the climate

change scenario.

Baseline Scenario

The baseline is the “business as usual” scenario where we try to mimic the historical
growth rate of the economy over the period 2008 and 2099. In other words, the
model is calibrated to yield an average GDP growth rate of 3.5 percent, which is the
average growth rate of GDP between 1950 and 2008 (TurkSTAT, 2010b). The
annual population growth is assumed to be 0.9 percent. The subsistence
consumption levels are automatically updated to reflect the increase in population.
Labor force endogenously adjusts to the population growth by taking into account
the change in real wages. The resulting change in labor supply is given in Figure
C5.

We assume that the annual total factor productivity (TFP) growth is 0.8 percent in
agriculture, 1.06 percent in industry and 0.4 percent in services. We use the yield
projections for wheat presented in Bruinsma (2003) and reported in Kavallari, Rau,
& Rutten (2013). We assume that TFP growth in services is half of the increase in
agricultural activities, while the industrial TFP growth is 2.65 times the TFP growth
in services. Capital growth is endogenous in the model. The growth in capital stock
is determined by the dynamics of the model. We assume that the default
capital/output ratio is 4.2 ¢ and the depreciation rate is 3 percent. We do not change
the world prices in the baseline since we assume that world prices are changing due

climate change.

® We calculated 4.2 as capital/output ratio from the data published by the Ministry of Development
(2012).
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Climate Change Scenario

This scenario introduces climate change effects to the baseline. These effects are in
the form of yield and irrigation requirement changes. They are obtained from the
crop water requirement model described in Annex A for all crops at the national
level. We use a 5-year moving average for the yield change since there are
significant outliers for a few highly irrigated crops. This reduces the extreme events
caused by frequent harvest failures foreseen by the crop model. However, deviation
from the base year is still significant (Figure 3.2) and the story line for the climate
change effects does not change. Yields are generally increasing between 2008 and
2035; they start to decline between 2036 and 2060. In the last period, 2061-2099,
the decline in yields becomes substantial. Irrigated water requirement oscillates
significantly throughout the all periods.

Yields of fruits and cereals are not affected much while maize and oilseeds are the
most affected crops. The impact is reversed in the case of irrigation water
requirements. Effects on wheat, vegetables and other field crops are significant both
in terms of yields and irrigation requirements. All crops more or less follow the
pattern in Figure 3.2. In the first period the change in average yields is rather small
and even positive for some crops. Yields of all crops start to decline in the second
period, but the magnitude of the average decline is not more than 10 percent.
However, the decline becomes prominent in the last period, especially for maize
and oilseeds. Yield and irrigation water requirements at the activity level are given
in the Appendix Figure C.1. Descriptive statistics for the introduced shocks

according to the periods can be found in appendix Table C.1.
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Figure 3.2: Changes in average yields and irrigation water requirements

Figure 3.3 shows the scatter plot of average irrigation water requirements against
average Yyield changes for each activity in each period. Crops are concentrated
around the second quadrant where yield changes are almost non-negative and
irrigation requirement changes are negative. In the second period, crops are located
around the 45-degree line in the third quadrant, which implies a positive correlation
between yield changes and irrigation water requirements. Yields and irrigation
requirements decline simultaneously for all crops, except for vegetables and fruits
for which irrigation requirements increase. In the last period all crops moves to the
fourth quadrant where irrigation requirements increase and yields decline. The only
exceptions are oilseeds and maize for which yields and irrigation requirements
decline simultaneously. However note that the decline in yields is quite significant
for these crops.
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Figure 3.3: Yield and irrigation water requirement changes in periods

Climate change is a global phenomenon and hence it is likely to affect world prices
of agricultural commodities significantly. However, it is not possible to capture this
effect with a small single country model where world prices are assumed to be
exogenously determined. Many studies in the literature ignore this effect. We
incorporate the effects of climate change on world prices as exogenous shocks. In
other words, we assume that climate change does not only affect the yields and

irrigation requirements but also the world prices.

There are various studies in the literature that attempts to quantify climate-induced
changes on world prices by using global CGE models. These studies generally
report significant changes in world prices of major staples. However we cannot
incorporate these findings in our simulations since their assumptions about the
climate change are generally different from that of ours. Further these studies are
generally static exercises and report world prices only for a specific year. Lastly, the
reported world price changes are generally inconsistent. Hence instead of taking
world price changes from other studies in the literature we use Gaussian Quadrature
method to generate different world price series.
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Gaussian quadrature is an approximation method for numerical integration.
Weighted sum of function values at specific points in the domain of the function are
used to approximate the value of the function (DeVuyst and Preckel, 1997).
Gaussian quadrature method gives the weights and nodes in the following

approximation:
.fgf(x)dx;iz_l:f(xi)wi (3.15)

where f(x) is a continuous function, x is the vector of independent variables, X;

is the vector of nodes selected in the domain of the integral, W, are weights assigned

to the value of the function at corresponding nodes and are called quadratures, n is
the minimum number of the nodes required for a good approximation. There are
various formulas in the literature to calculate the weights and nodes efficiently.
Strauds method is used widely in the CGE literature (Arndt, 1996). Strauds method
solves the following equation system to find nodes and weights.

b m
iwilM[(x{“)lm :“M[(xi’“)Im f(x)dx s=0,12...,d suchthat DI, <d (3.16)
i=1 m=1 a m=1 =1

for all combinations of nonnegative integers, |,,. d is known as the order of the

quadrature. Many formulas for different orders and arbitrary dimensions of
quadratures are developed in the literature. Most frequently used formulas are
derived by Stroud (1957) and Liu (1997) for order 3 quadratures (Arndt, 1996),

which are exact for orders smaller than 3 (Preckel et al., 2011). If T, is the k™

quadrature point with the elements (17 2:-+ %) Such that k €(12,...,n) and if

r=12,..,/n/2| where | n/2] is the greatest integer smaller than n/2, then it can

be shown that

n

Vora :‘/ECOS(WJ Yor Z\/ESin(wJ (3.17)
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yields the elements of the T, which is the k™ quadrature. If n is an odd number

then y,, = (—1)k In this case weights are equal and sum up to 1:

w, = o (3.18)
Gaussian quadrature method is used for stochastic sensitivity analysis in the CGE
literature and is shown to be quite efficient in capturing the uncertainty in the
parameter values (Arndt, 1996; DeVuyst and Preckel, 1997). Stochastic sensitivity
analysis assumes that model parameters are stochastic variables following a
distribution function. Hence the values used in the model are just one point drawn
from this distribution. In this case model results are also stochastic. If we consider
the CGE model as a function that relates the pre-simulation and post simulation
values of the variables in the model, then the expected value and variation of the
post-simulation values of the variables can be approximated by using Gaussian
quadrature approach. In this way one can select a limited number of parameter sets
and weights and run the model for these parameter sets. Then the stochastic
properties of the model results can be derived from the output of these runs. A high
variation in the values of key model variables would mean that model is sensitive to

the relevant parameters.

To conduct a sensitivity analysis with respect to a symmetrically distributed random
variable vector X that consists of elements (><1,X2,..., Xn) with mean & and variance

covariance matrix 2 , the desired quadrature is given by

®=u+YVD (3.19)
where D is a diagonal matrix obtained by Cholesky factorization:
> =LDL' (3.20)

Then Y is obtained by transforming the quadrature I" in equation (3.17) by

61



Y=TL (3.21)

If 2 is diagonal then
Y=z (3.22)

Preckel et al. (2011) propose an algorithm to extend the quadratures suggested by
Straoud. They propose to use two copies of the Straoud quadratures: stretching one
and shrinking the other to achieve the desired broadening of the sample while
keeping the mean intact and redistributing the weights (or probabilities) so that the
variance is maintained. Hence they introduce an expansion factor, denoted by « , a

contraction factor, denoted by A, and a probability allocation factor, denoted by p.

The resulting quadrature is

{[ pw', X ln:l [(@-p)w, X ]in_l}

(3.23)

Preckel et al. (2011) show that once the expansion factor, «, is chosen, the

parameters B and p are given by

1-x a’ —K

-1 (3.24)

1= a*-2a’ +x
We follow this approach to capture the variation in the model’s results due to the
world prices. Accordingly, we assume that percentage change in real world price of
each agricultural commodity follows a symmetric distribution. The mean of the
distribution is assumed to be zero for all commodities in the base period. Then we
assume that the mean of the distribution will increase by one, two and three
standard deviations in the first, second and last period respectively. We further
increase the variation in the percentage change of the world prices (i.e. diagonal
elements of the variance covariance matrix) by one percent in each period. Hence in
each period we assume that mean of the distribution of percentage change in world

prices are increasing together with the variation in the prices. These assumptions are
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compatible with the recent studies in the literature (Hertel and Rosch, 2010;
Valenzuela and Anderson, 2011a and 2011b; Diffenbough et al., 2012; Calzadilla et
al., 2013).

Changes in the world prices of different commaodities are not independent from each
other. This stems from two facts. Firstly, different agricultural commodities are
substitutes to some extent. Hence their prices are linked to each other. Secondly,
price changes are linked to production, and production of all commodities is
dependent on the same climate conditions. For example, if the price of one
commodity is rising due to drought, other crops will be affected from the drought as
well and their prices will also rise. To take this correlation into account we form the
variance covariance matrix by using the historical correlation between the annual
price changes of the commodities. We eliminate small correlations to avoid
problems in Cholesky decomposition. We also assume that correlation among the
percentage change of world prices of different commodities remains constant over

time.

Table 3.4 shows the expected values and standard deviations of the world price
shocks calculated by Gaussian quadrature method for all commodities over the
three periods. Our assumptions yield world price changes that are consistent with
the climate change patterns. The average percentage change increase over time is as
expected. The highest increases occur in the world price of rice, wheat, oilseeds and
other field crops. Variations for these crops are also high. The lowest increases, on

the other hand, occur in vegetables, meat and other agricultural crops.

We run the climate change simulations by shocking the shift parameter of the top
level CES production function with the yield changes, the coefficient of water in
irrigated land — water nest with irrigation water requirements and the world prices
with the world price change series generated by Gaussian quadrature. Hence, we
run 48 simulations each with a different world price assumption. Therefore the
results for the levels of the variables show the expected values. We also report the

standard deviations when it is appropriate.
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Table 3.4: Mean and standard deviation of the world price shocks

Period 1 Period 2 Period 3

Exp. Val. Std. Dev. Exp.Val. Std. Dev. Exp.Val. Std. Dev.
Wheat 1.01 1.46 2.01 1.46 3.01 1.46
Maize 0.62 0.76 1.62 0.76 2.62 0.76
Rice 1.27 1.67 2.27 1.67 3.27 1.67
Oth. Cereals 0.99 0.62 1.99 0.62 2.99 0.62
Oilseeds 1.72 0.95 2.72 0.95 3.72 0.95
Oth. FId. Crp. 3.06 1.10 4.06 1.10 5.06 1.10
Fruit -0.18 0.57 0.82 0.57 1.82 0.57
Vegetable 0.50 0.26 1.50 0.26 2.50 0.26
Milk -0.12 0.85 0.88 0.85 1.88 0.85
Meat 5.55 0.41 6.55 0.41 7.55 0.41
Livestock 4.15 0.85 5.15 0.85 6.15 0.85
Other Agriculture 3.63 0.39 4.63 0.39 5.63 0.39

Note: Mean and standard deviation are first and second moments of distribution, respectively

Source: Author's calculations

Trade Liberalization Scenario

Under the trade liberalization scenario we assume that all tariffs implemented by
Turkey on EU imports are unilaterally eliminated on top of the climate change
scenario. This scenario is called “Tariff Elimination scenario (TRF)”, and
eliminated tariffs are given in Table 3.5. Protection is generally high in agricultural
commaodities. The share of agricultural imports in the total imports from EU is low
with a value of less than two percent. On the other hand, EU’s share in agricultural
imports of Turkey is significant varying between 20 to 45 percent. Although
agriculture is a minor item in imports from EU, EU is still the most important
trading partner of Turkey. Hence trade liberalization with EU is likely to have a
significant direct impact on Turkish agriculture while the impact on the rest of the
economy will be through the backward and forwards linkages of agriculture with

the other sectors.
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Table 3.5: Tariffs imposed by Turkey (percent)

Share of EU in

Share of
commodity in

Tariff Rate total imports of .
commodity total imports
from EU
Wheat 28.5 25.2 0.36
Maize 0 0.0 0.00
Rice 32.1 19.8 0.03
Cereals 92.3 21.9 0.02
Oil Seeds 1.2 28.6 0.39
Sugar Beet 0 0.0 0.00
Field Crops 9.3 30.4 0.03
Fruits 39.1 9.6 0.03
Vegetables 0 0.0 0.00
Dairy 101.8 39.6 0.05
Meat 83.6 12.0 0.00
Livestock 2 35.8 0.02
Oth. Agriculture 2.3 45.9 0.09
Manufacturing 0 52.3 82.69
Food 12.3 24.0 0.85
Textiles 0 28.6 2.19
Energy 0 8.0 0.00
Services 0 52.3 13.24

Source: Authors’ calculation from (Narayanan et al., 2008).

3.3.2 Simulation Results

In this section we present the main conclusions from the simulation results and
explore the main drivers of change in order to derive policy implications. We will
present the results relative to the changes in the baseline scenario. The main results
of baseline scenario are given in Appendix A.2.3. In this section, we will first give
an overview of macro results of the two scenarios. Then we will focus on the effects

of trade liberalization by presenting them relative to the results of climate change

scenario.

65



3.3.2.1 Macro Results and Welfare Effects

The results obtained are largely consistent with what have been suggested in the
literature and provide important insights about the main drivers of the effects of
climate change. Figure 3.4 shows the expected value of the equivalent variation’
(EV), which is an indicator of welfare gains for the households. Change in EV is
between -3.3 percent and +1.3 percent of the initial household consumption for
climate change scenario and -2.8 percent and 1.63 percent for the trade

liberalization scenario.

EV is higher under trade liberalization compared to the climate change scenario.
However, the trade liberalization is far from alleviating the negative effects of
climate change. In the last period, 2060-2099, the EV is always negative under both
scenarios. Though, the difference between the climate change and the trade
liberalization scenarios increases as the effects of climate change worsen. This
suggests that the welfare improving effects of trade liberalization are enhanced
when the effects of climate change are worsened. As agricultural production
becomes less productive as a result of the climate change, welfare improving effects
of trade liberalization are amplified. This is mainly due to the fact that trade
liberalization allows economic agents to substitute domestic and imported
commodities more freely. Consumers can consume more imported commodities as
a substitute to the domestic products which become relatively scarce under climate
change. Producers can also substitute domestic intermediate inputs with imported
inputs to compensate the decline in the productivity of land. Consequently, the more
agriculture is affected from climate change the higher is the welfare improving

effect of trade liberalization.

" More formally, EV shows the minimum payment that the consumer would require for foregoing the

welfare gains under the relevant scenario (Sadoulet and Janvry, 1995).
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Figure 3.4: Expected value of equivalent variation

The change in GDP is generally small until the 2060s (Figure 3.5). Changes in
tariffs may not be fully reflected in the production side of the economy up to this
period. The impacts of tariff elimination are generally absorbed by the substitution
mechanisms in trade, consumption and production. GDP starts to decline after 2035
but the decline is significant only after 2060s. This is consistent with what is
generally reported in the literature. The trends are similar to those we noted in
Chapter 2. Welfare and other macro indicators follow the same path: they get better
off in the first period (2008-2035), start to decline in the second period (2035-2060)
and worsen in the last period (2060-2099). Thus, Turkey is likely to have time to
take necessary measures for adaptation before climate change has significant
impacts at economy level. Furthermore ignoring the probable adverse effects of the
climate change in the second and the last period can have devastating effects and

significant costs for all economic agents.
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Figure 3.5: Real GDP over time (percentage deviation from baseline)

Figure 3.6 shows the evolution of the standard deviation of the GDP and the EV
over time. Since we use the same world price shocks in both climate change and
trade liberalization scenarios standard deviations in both simulations are very
similar. Hence for the sake of clarity we will present only the standard deviations

for the trade liberalization scenario.

The standard deviation of EV increases in the first two periods and it stabilizes and
follows a horizontal trend after 2060s. On the other hand, although the standard
deviation of the GDP starts at a low level compared to the standard deviation of EV,
it increases throughout the simulation period. Thus we can conclude that although
changes in world prices do not cause any further changes in the variation for
household welfare in the last period, their impact on the variation of the GDP
persists. This implies that changing world prices affect both the consumption and
production sides in the first period and only the production side in the last period.
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Figure 3.6: Standard deviation of EV and GDP levels over time

Figure 3.7 shows the decomposition of the changes in GDP under the climate
change scenario. The most important drivers of the change in the GDP are private
consumption, imports and exports. Government consumption contributes very little
to the changes in the GDP and therefore its activity on change will not be reflected
in this figure. Changes in fixed investments are however included, and in spite of
their minimal influence at the start, their contribution becomes more significant in

the last period.

The contribution of the changes in private consumption to the changes in GDP
moves generally in opposite direction compared to those in trade. This is valid
throughout the whole simulation period. In the first period, trade contributes
negatively to the changes in GDP, implying a decreasing value of exports and an
increasing value of imports in the first period. The decline in total exports is caused

mainly by a decline in exports to the regions other than EU27.
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Figure 3.7: Contribution of the GDP components on the GDP change under
climate change scenario (percentage deviation from the baseline)

In the second and third period, however, the effects are reversed. In the second
period, the positive contribution of imports and exports are able to compensate the
negative contribution from consumption. However, in the third period the combined
effect of consumption and fixed investments has a stronger influence than the
combined effect of imports and exports, and as a result GDP declines significantly.
In the second and third periods the effects of consumption and trade are almost
symmetrical around the horizontal axis since increasing exports and decreasing
imports due to increasing world prices put a significant pressure on consumption.

Thus consumption adjusts to handle the change in the world prices.

The contributions of the components of GDP to the changes in the overall GDP
under the trade liberalization scenario are presented in Figure 3.8. Private
consumption and fixed investments have positive impact on GDP (i.e. less negative,
under trade liberalization), while exports’ contribution is almost the same between
the two scenarios. However, positive contribution of imports decreases under the

trade liberalization scenario. That is, as import prices decline the imports are
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substituted with domestic commodities and this increases the consumption. The
changes are weak, as they are not likely to reverse the sign of the GDP change.
Hence, trade liberalization only weakly alleviates the effects of climate change in
terms of GDP growth. Note that the difference gets higher over time. Hence, the

benefits of trade liberalization increase as climate shocks get significant.
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Figure 3.8: Contribution of GDP components to the GDP change under trade
liberalization scenario (percentage deviation from climate change scenario)

Figure 3.9 and Figure 3.10 show the sectoral decomposition of the change in
imports and exports under climate change scenario with respect to the baseline.
Contribution of services to the change in imports and exports is small compared to
the agri-food and manufacturing. The main driver of the change in imports is
manufacturing, especially in the first period. The contribution of manufacturing is
generally positive in the first period while it deteriorates significantly in the second

and third periods.
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Figure 3.9: Decomposition of changes in the value of imports under the climate
change scenario (percentage change from the baseline)

Agri-food imports increase the total imports especially in second and third period as
the effects of climate change become significant in these periods and Turkey needs
to substitute domestic products with imports. However, total imports are still
declining, since increase in agricultural imports is rather limited due to the
increasing world prices. In other words, Turkey substitutes manufacturing imports
with agricultural imports since following the climate change effects, manufacturing
sectors becomes relatively more productive and hence more competitive in the

international markets.

The effects are reversed for exports (Figure 3.10). Change in export of
manufacturing sector is generally negative in the first period while it increases
significantly as a result of declining domestic prices of manufacturing goods and
increasing world prices of agricultural commodities in the second and last periods.

This boosts total exports despite the decline in agri-food exports.
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Figure 3.10: Decomposition of change in exports under climate change
scenario (percentage change from baseline)

Trade liberalization does not change the contribution of sectors to trade
significantly (Figure 3.11 and Figure 3.12). However, the contribution of
manufacturing sector to the change in total imports starts with two percent and
climbs up to eight percent. This implies that the negative contribution of
manufacturing sector to the total imports decreases by 10 percent throughout the
whole period. This points out the importance of the manufacturing sector for the

rest of the economy to adjust the adverse effects of the climate change.

The contribution of manufacturing sector to the change in total exports decreases
under trade liberalization and this effect does not follow a consistent path. The
effects of trade liberalization on the contribution of agri-food imports are stable
around 0.3 percent while the effect on exports is negligible.
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Figure 3.11: Decomposition of change in value of imports under trade
liberalization (percentage change from the climate change scenario)

To sum up, effects of climate change become significant after 2035 with declining
welfare and GDP. Imports are reduced substantially while there is a boost in
exports, mainly due to manufacturing sector. Trade liberalization wirth EU in
agricultural commodities is likely to have a limited overall effect to alleviate the

adverse effects of climate change.

Welfare gains are positive but not significant enough to change the sign of the
overall effects. On the production side, the total value added does not change much
from the climate change scenario implying a limited feedback effect. The main
drivers of change on the GDP are imports and consumption. The positive effect of
declining imports on the GDP is reduced by the negative contribution of domestic
demand under trade liberalization. Hence the effects of declining productivity in
agricultural sector cannot be fully recovered with imports and this causes a decline

in consumption which drags down the GDP.
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Figure 3.12: Decomposition of change in exports under trade liberalization
(percentage change from the climate change scenario)

3.3.2.2 Prices and Trade

The final effect of trade liberalization on imports and exports of different sectors
depends on various factors. First of all, the size of the protection is the main driving
factor. Trade volume of the commodities with high protection more is likely to be
affected more. Secondly the final effect also depends on the production structure.
Commodities which are produced less efficiently or cannot substitute different
factors or intermediate inputs easily are also likely to be affected more. Another
important factor is income and substitution elasticities in household demand, import

supply and export demand.

Figure 3.13 shows the change in imports of the selected commodities from the
EU27. The variation over time is quite small. Imports of other cereals, which are
heavily protected in Turkey, increase more than three times. Dairy and meat
products follow with more than 170 percent increase. The increase in wheat and rice

imports is around 100 percent. Food and fruit imports increase by about 50 percent.
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These rates are directly proportional to the amount of protection presented in the
baseline. The protection on other cereals, meat and dairy is between 85 and 100
percent, while wheat, rice and fruits are protected by 30 to 40 percent. Hence, the
more a product is protected, the more the increase in its imports after the trade
liberalization. The standard deviation of the changes in imports is quite small

(between 0 and 7) compared to the expected value (see Appendix Figure C.7).
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Figure 3.13: Change in imports from EU27 for highly affected agricultural
commodities (percentage deviation from climate change scenario)

The large increase in the imports of other cereals is caused mainly as a result of the
low trade level with EU27, and the trade volume does not increase much under the
climate change scenario. Hence, the percentage change relative to the climate
change scenario is quite high. Furthermore, production cost of other cereals is
higher compared to the other agricultural products. Hence, once the import price of
other cereals declines as a result of trade liberalization, cheaper imports largely

substitutes domestic production. Factors of production are mostly diverted to
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oilseeds and maize production from the production of other cereals. A similar
argument is also correct for the imports of dairy and meat products. The high
percentage changes are mostly due the low level of trade under the baseline which
does not change much under the climate change scenario. However, since meat and
dairy sectors’ main inputs are agricultural products that become relatively cheaper
(see Figure 3.18) as a result of trade liberalization, the increase is not as high as the
one observed in imports of other cereals.

Effects on other sectors are rather small (Figure 3.14). Relatively small effects on
imports of oilseeds, livestock, and other agricultural sectors’ are mostly due to low
protection on these commodities (e.g. between one to two percent). Although the
change in the non-agri-food sectors is not as significant as that of the agri-food
sectors, they are mostly increasing. These small changes are as a result of feedback
effects in the economy. Increase in household consumption due to the increasing
incomes is the driving factor. Although there are slight increases in production,

most of the increase in household consumption is supplied by imports.
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Figure 3.14: Change in imports from EU27 for other commodities (percentage
deviation from climate change scenario)
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Significant increase in the imports of agricultural products from the EU27 results in
a decline of imports from other trading regions (Figure 3.15). This trade diversion is
caused by two effects of trade liberalization. Firstly, as import prices from EU27
fall, imports from the other regions become non-competitive. Secondly, declining
import prices cause domestic prices to decrease making domestic products more
competitive relative to imports from other regions. Cereals, wheat, rice, other field
crops and food are the most affected commodities by the trade diversion. Trade
diversion becomes more evident over time especially for wheat and other cereals,

both of which are significantly affected by climate change.
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Figure 3.15: Change in imports from other regions (percentage deviation from
climate change scenario)

Figure 3.16 shows the sectoral decomposition of the change in the imports.
Contribution of services to the total imports is relatively small compared to those of
manufacturing and agricultural sectors. Almost half of the increase in total imports
is due to manufacturing sector in all periods. Contribution of agri-food imports is
close to the contribution of manufacturing imports. The most significant

contribution to total imports arises from the imports of wheat, dairy products, other
78



cereals and food sectors. Contributions of oilseeds and maize imports are negative

under trade liberalization but the negative contribution is relatively higher in the last

period.
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Figure 3.16: Change in total imports (difference from the climate change
scenario, TL Billion)

The change in exports® is given in Figure 3.17. Under trade liberalization, exports of
maize, oilseeds and other field crops and food increase significantly, while exports
of rice, cereals and manufacturing declines. The effects get more pronounced over
time as the effect of climate change increases. The increases in the exports of maize,
oilseeds, other field crops and food are mainly driven by the declining domestic

prices due to the elimination of tariffs. This effect gets significant over time as

® The change in exports is same for all regions due to the constant CET elasticity assumption.
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climate change reduces the production of these commodities significantly and
causes more import substitution. Manufacturing exports decline slightly following
the small increase in domestic prices. However, exports of wheat, rice and cereals
decline despite the fall in their prices. Decline in exports of these commodities is
due to the decreasing production. Moreover, it should be noted that the imports of
these commodities increase significantly. Contrary to what is observed for the other
crops, the cost structure of wheat, rice and cereals makes those less competitive
compared to other agricultural activities under climate change. Eventually they

cannot compete with other activities for the factors of production, especially land.
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Figure 3.17: Change in exports (percentage deviation from climate change
scenario)

80



Standard deviation of exports does not change over time but it varies significantly
across crops. Standard deviation is significantly higher than what was expected for
all crops, implying that Turkish exports are sensitive to the changes in world prices.

Hence we can conclude that exported crops face higher climate risk.

Domestic prices can adjust depending on the market conditions dictated by trade
liberalization. Households demand shifts to the imports which become relatively
cheaper due to the elimination of the tariffs. Decline in demand for the domestic
goods decreases the domestic prices. However, indirect effects work on the other
direction. Decline in domestic prices may cause exports to become more attractive.
Consequently, the final effect depends on the substitutability of the domestic
commodities with the imports and demand elasticity of exports. If a commodity is
not traded or has low protection then the effect is negligible, since the only impact

Is through income and substitution effects on household demand.

Prices decline for all agricultural commodities except sugar beet, vegetables, meat
and other agriculture (Figure 3.18). Small positive changes in the prices of these
commodities can be explained by the fact that sugar beet and meat are not traded
while protection on vegetables and other agriculture is quite low. The decline in the
prices of other commodities is higher over time, with the most significant changes
being observed for wheat, rice and other cereals for which export demand also
declines. Small changes in the prices of oilseeds, other field crops and fruits are due
to increasing export demand after the trade liberalization. Prices of commodities of

non-agricultural sectors also increase but the changes are negligible.
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Figure 3.18: Domestic prices of agricultural commodities (percentage deviation
from climate change scenario)

Standard deviations of the domestic prices under the different world price
assumptions are higher for wheat, maize, rice, cereals and oilseeds. Low expected
values and high standard deviations for maize, cereals and oilseeds prices suggest a
significant variation and hence sensitivity to the changes in world prices. The
standard deviations are quite low for other commodities. This implies the fact that
the variations in world prices of the agricultural commodities are not transmitted to
the domestic prices of the manufacturing and services sectors. This holds true even
for the sectors such as food processing and textiles which have strong linkages with
agriculture.
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3.3.2.3 Production, Employment and Food Security

The effect of trade liberalization on agricultural production is significant (Figure
3.19). Cereals are generally more affected compared to the other activities. The
production of wheat, rice and other cereals declines while the production of maize
and oil seeds increases. Moreover, declines pertaining to the production of highly
protected cereals seem to be substantial: between 2 and 4.5 per cent. In general, as
effects of climate change are worsened, the declines get higher, especially for

wheat.
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Figure 3.19: Change in agricultural production (percentage deviation from
climate change scenario)

The main driver for the change in production is substitution of imports with
domestic products (Figure 3.20). The contribution of production and imports on the
change in the amount of composite commodity is negative for the commodities of

which production declines. This implies the fact that a decline in production and
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increase in imports. Although one may expect export demand to increase and drag

up the production, this effect remains limited.

The upsurge in maize and oilseeds production is significant especially in the final
period of the simulations. The main drivers of this upsurge are the substitution of
domestic products with imports, and the increasing demand for maize as an
intermediary input. The production of oilseeds increases due to the increasing
demand as an intermediate input. Hence, the impact of trade liberalization on
agriculture is quite diverse depending on the commaodity, and it is determined more

by the structure of production, rather than the structure of demand.
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Figure 3.20: Decomposition of the change in agricultural production in 2099
(percentage deviation from climate change scenario)

The effects of trade liberalization on the production of other commodities are small
(Figure 3.21). The production of manufacturing products and services declines
while the production of food increases. The latter is due to the fact that agricultural
commodities which become relatively cheaper are the main inputs for the food

production.
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Figure 3.21: Change in production of non-agricultural commodities
(percentage deviation from climate change scenario)

The effects on production of non-agricultural sectors are also higher in the final
period. The main driver for the change in the production of manufacturing sector is
also the substitution of imports with domestic products (Figure 3.22). Decreasing
demand for exports, due to increasing relative price of manufacturing goods, also
plays an important role in decreasing the production. The combined effect of these
two factors dominates the positive contributions of increasing investments and
intermediate input demand.
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Figure 3.22: Decomposition of change in quantity of composite good in 2099
for non-agricultural sectors (percentage deviation from climate change
scenario)

Changes in the use of factors under trade liberalization scenario are given in Figure
3.23. The use of capital, rainfed land and industrial water is predetermined by the
closure rule which assumes a full employment for these factors. Growth in the
supply of rainfed land and industrial water is determined by the growth of capital
since we assume that the growth of these factors is equal to the 25 percent of growth

of capital.

In the model, the use of irrigated land, irrigation water and labor is considered
endogenous and is therefore not governed by the closure rules. Employment of
irrigated land and irrigation water declines significantly under trade liberalization.
The main reason for this fall is the decline in the production of rice, wheat and other
cereals. As these sectors become uncompetitive under climate change due to the
decreasing productivity, they substitute land and water with other factors or inputs.

Consequently these factors are employed less.
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Figure 3.23: Total factor employment (percentage deviation from climate
change scenario)

Wheat, cereals and rice are the sectors that are most affected from in terms of
change in factor employment. The impact of climate change on the production of
these sectors is also highest. The significant decline is mostly due to the substitution
of intermediate inputs with the factors of production, especially with irrigated water
and irrigated land. As factors become less productive, producers change their
production techniques to reduce the employment of factors. However, since the
capital, rainfed land and industrial water are fully employed, the substitution occurs
between irrigated land - irrigation water composite and intermediate inputs (Figure
3.24). Labor that is outlaid from these sectors is absorbed by other sectors which
increase their production. However, irrigated land and irrigation water is mostly left

unemployed.

87



2035 2060 2099
Other Other Other
Rice Wheat | Cereals Rice Wheat | Cereals Rice Wheat | Cereals
sl 0 T T T T T T T T
c
a
tt
2 2 -
4 A
-6
-8
-10
M Labor MIrr. Water Irr. Land

Source: Model Results

Figure 3.24: Factor use in selected sectors (percentage deviation from climate
change scenario)

Unemployment declines at a slow pace over time (Figure 3.25). The reason for
observing declining unemployment together with a decline in employment of labor
in all sectors is mainly due to the declining labor supply by households. The labor
force increases slightly as a result of an increase in real wages, however the leisure
demand by households also increases, especially in the final period. This means that
a significant part of the increasing population does not participate in the labor
market. This also means that household will limit the supply of labor to avoid a
significant decline in wages under the trade liberalization. Instead, “new comers”
contributes to the household utility as leisure. Consequently, unemployment rate
declines together with the employment. The increase in leisure demand is mainly
due to the income effect. Actually, increase in the consumption of leisure is not
higher than the increase in the consumption of the other commodities.
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Figure 3.25: Unemployment, labor force and leisure (percentage deviation
from climate change scenario)

Consumption increases under trade liberalization as a result of declining agri-food
prices and increasing (or at least non-decreasing) household incomes (Figure 3.26).
However the increase is not uniform across commodities. The consumption of agri-
food products increases at an increasing pace in the first two periods. In the final

period the increase stabilizes.

The most significant increase is in rice, meat, milk and processed food. Protection is
very high in the first three of these commodities and thus tariff elimination causes
their prices to decline significantly. Therefore household demand for these
commodities increases significantly following the trade liberalization. On the other
hand, price of processed food declines due to the the declining costs of this sector as
the price of the main intermediate inputs of this sector, e.g. agricultural

commodities, declines.
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Figure 3.26: Trade liberalization impact on agri-food consumption (percentage
deviation from climate change scenario)

The consumption of manufactured goods and services maintain their increasing
pace even in the final period (Figure 3.27). Manufacturing and services constitute
almost 60 percent of the total consumption; hence the increase in their consumption
is normal despite the slight increase in their prices. Lastly, the increase in the
consumption of energy and textile commodities starts at a much slower pace and

almost stabilizes at the end of first period.
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Figure 3.27: Trade lib. Impact on non-agrifood consumption (percentage
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Increasing food consumption ensures the availability of more food for the
population and can be considered as an indicator of increasing food security (Figure
3.28). Net exporter position of Turkey in food in the baseline does not change much
under trade liberalization. The ratio of food exports to imports declines to
approximately 1.45 in the first two periods, and to 1.20 in the second period as
compared to the 1.60 and 1.3 in the climate change scenario. As mentioned above,
this is mainly due to a higher increase in food imports compared to the food exports.
The share of imports in consumption increases and larger part of the production is
exported. However the difference between the value of imports and production, and
the values of exports and consumption also increases. This leaves more intermediate

inputs for the food industry and hence improves food security.
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Figure 3.28: Food security indicators (percentage deviation from climate
change scenario)

3.4 Conclusion

In this chapter we analyzed the effects of elimination of tariffs imposed on
agricultural imports from EU under a climate change. For this purpose we simulated
climate change and trade liberalization scenarios, by taking into account possible
effects of climate change on world prices. The results show that climate change can
cause a GDP loss as high as 3.5 percent. Main drivers of the loss in GDP due to
climate change are the significant decline in private consumption, and up to two

percent increase in imports.

Elimination of tariffs on imports from EU alleviates the negative effects of climate
change only marginally for Turkey as is the case for many other regions in the
world. The increase in welfare due to trade liberalization is very small compared to
the loss caused by climate change. However, benefits from trade liberalization
increases as the climate change effects worsen, especially after 2060. This is due to
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the fact that under trade liberalization the economic agents have more substitution

possibility both in production and consumption.

Main adjustment mechanism of the economy under trade liberalization works
through the substitution intermediate goods with factors of production, as well as
substitution of domestic goods with imported goods. This causes significant
changes at the sectoral level. Wheat, rice and cereals are the most affected
commodities from trade liberalization, under climate change. They lose
competitiveness against alternative commodities both in domestic and international
markets, since the climate change reduces their yields substantially. Their
production, exports and prices decline simultaneously and substitution of domestic

production with imports is highest in these commodities.

Maize, oilseeds, fruits and processed food benefit from trade liberalization. Their
production and exports increase, domestic prices decline while imports remain
unchanged or increase slightly. Factors of production are directed towards the
production of these commodities as they become relatively more competitive after
the climate shocks.

Imports from the EU27 countries increase significantly and this causes domestic
prices to decline in the trade liberalization scenarios. Consequently, production of
agricultural commodities falls. Since the decline in domestic prices is lower than the
tariffs imposed to the other trading regions, prices of agricultural imports from the
other regions increases. This causes aggregate imports to decline. Hence, trade
liberalization with EU causes an “overcrowding” effect and decreases imports from
other trading regions. Food consumption increases under trade liberalization. As a

result, trade liberalization increases food security.

The findings from the simulation exercises suggest that although overall welfare
effect of trade liberalization is limited, it increases the economy’s ability to adapt by
fostering reallocation of scarce domestic resources to more efficient sectors. This

occurs as imports and domestic commodities become more substitutable.
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The analysis in this chapter provides several paths for the improvement of the
model’s structure and scenario design. For instance, other countries will also be
affected by the climate change, and this is likely to be reflected in their demand for
Turkish commodities and their supply of commodities to Turkey. This can change
the implications of climate change and trade liberalization for Turkey. Secondly,
bilateral trade liberalization with the EU is not the only policy option for Turkish
policy makers. Trade liberalization with the other countries/regions can have
amplified effects. Lastly, analysis in this chapter uses the results of only one GCM
to calculate the economic shock parameters; however various estimates by different
GCMs are available. The results can be altered by different climate change
scenarios reported by different GCMs. In the next chapter, we will extend our
analysis to the global scale to compare various trade policy alternatives for Turkey

by taking into account the results of different GCMs.
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CHAPTER 4

TRADE POLICY AS A GLOBAL ADAPTATION
MEASURE TO CLIMATE CHANGE

Simplicity is the ultimate sophistication.

Leonardo da Vinci

The physical effects of climate change in different parts of the world will depend on
various factors including geographic location, soil type, and land use pattern.
Nevertheless, the atmosphere is globally shared making climate change a global
issue. The outcome of the climate change include more frequent heat waves,
droughts, extreme precipitation, and related impacts (such as wild fires, heat stress,
vegetation changes, and rising sea level); all of which will be regionally dependent
(Karl et al., 2003). The impact on a country’s economy will differ according to the
country’s mitigation and adaptive capacity which is in turn determined by many
economic and social factors including its development status, income distribution,
structure of production, and integration to the international markets. Hence the final
impact of climate change will be determined by the interaction of various regional
effects throughout the world. One important link for this worldwide complex
interaction is international trade. The effects in a country can be spread to other
regions or can be accommodated for by the international markets. Thus, to
complement our analysis in the previous chapters, we extend our analysis to see
how the relationship between trade liberalization and climate change would change
when taking into account these global dynamics.
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Economic effects of climate change at the global level have been the topic of a vast
literature. Various methods have been employed to translate the physical effects to
economic shocks. The most popular way has been through the introduction of
climate change shocks to the agricultural sector as changes in yields and/or
irrigation requirements. Although no consensus has been reached in these studies,
some general results can be derived. The results suggest an average negative
welfare effect between one percent to two percent of GDP at the global level
(Calzadilla et al., 2010; Tol, 2012). The effects are generally considered weak due
to the smoothing of economic adaptation (Arndt, Chinowsky, et al., 2012; Bosello
et al., 2010). They display some diversity depending on location, time, sectors and
social groups. Country level analyses suggest more significant effects, both positive
or negative, especially in the Middle East (Sowers et al., 2010; World Bank, 2010),
Africa (Arndt, Farmer, et al., 2012; Pauw et al., 2010; Thurlow, Dorosh, et al.,
2012; Thurlow, Zhu, et al., 2012) and South Asia (Thurlow, Dorosh, et al., 2012).

The impact of climate change depends highly on the adaptive capacity of the social
groups or countries considered. Crop pattern, long-run assets such as physical
infrastructure, investment capacity in adaptation measures are reported to be
important factors (Arndt, Chinowsky, et al., 2012). Poor people and small farmers,
as well as most developing countries are more vulnerable to adverse effects
(Bosello et al., 2005; Thurlow, Zhu, et al., 2012). Sectoral effects are also diverse.
Most studies report negative effects on agriculture (Bosello et al., 2005; Calzadilla
et al., 2010; Nelson et al., 2009; Rosegrant et al., 2008), while some (Tol, 2012)
present possible positive effects. The effect on agriculture is mostly felt through
water availability (Nelson et al., 2009). Hence drought resistance of major crops
grown in a region, cropping pattern and farm structure are important in determining
final effects on agriculture. The effects can vary, not only among different crops,

but also among different varieties of the same crop (Thurlow, Dorosh, et al., 2012).

Negative effects on agricultural production bring about food security concerns

(Arndt, Farmer, et al., 2012; Calzadilla et al., 2011; Dell et al., 2008; Nelson et al.,

2009; Rosegrant et al., 2008). Poorer households (Thurlow et al., 2009) and urban
96



population (Pauw et al., 2010) are hit the hardest by food shortages under climate
change. Child malnutrition is likely to increase with declining calorie intake
(Nelson et al., 2009; Rosegrant et al., 2008).

The link between trade liberalization and climate change has been the analyzed by a
few studies. The main argument in the literature is that trade liberalization can
alleviate the negative effects of climate change by boosting international trade.
Trade liberalization is reported to have welfare-improving effects (Calzadilla,
Rehdanz, & Tol, 2011; Chen, McCarl, & Chang, 2012; Laborde, 2011; Reilly &
Hohmann, 1993). However these effects are generally weak and are not sufficient to
compensate for adverse effects of climate change (Randhir & Hertel, 2000; Reilly
& Hohmann, 1993). Welfare gains from trade liberalization depend on the
elimination of production and export subsidies (Randhir & Hertel, 2000). The
effects are not uniform and depend on the geographic location (Calzadilla et al.,
2010; Reilly & Hohmann, 1993) and the vulnerability of the region to climate
change (Reilly & Hohmann, 1993). Changes are expected to affect more the poor
people (Laborde, 2011). The studies that consider the effects of trade liberalization

under climate change do not report any specific results or implications for Turkey.

In this chapter we will analyses the effects of climate change at the global level and
evaluate the effects of various trade policies as an adaptive measure by using the
GTAP model. GTAP is a detailed global CGE model that is used extensively in the
literature for trade policy analysis. Our version has 16 regions and 15 activities that
are aggregated from the GTAP 7 database. We follow the same approach adopted in
Chapter 3. We first introduce yield shocks based on 25 different climate projections
to obtain our baseline and then analyses the consequences of different trade
liberalization scenarios by benchmarking the simulation results to these baselines.
The rest of the chapter is organized as follows: Section 4.1 summarizes the
modelling approach and data. Then, a detailed description of scenarios follows. In
section 4.3 we present the simulation results. The final section is reserved for

concluding remarks.
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4.1 Modelling framework: GTAP Model

GTAP is a multi-regional global static CGE model that represents the behavior of
households, producers and governments in each region following the standard
assumptions of the general equilibrium theory. Figure 4.1 shows the basic structure
of consumption and production in GTAP model. Households are utility maximizing
agents that receive all income generated in the economy. They spend it on private
consumption and save according to a Cobb-Douglas utility function. Income is
generated by skilled and unskilled labor, land, capital and natural resources that are
owned by households as endowments. Private consumption is distributed between
different commodities according to a non-homothetic Constant Difference of
Elasticity (CDE) implicit expenditure function, while government consumption is
distributed by a Cobb-Douglas function. Government consumption decision is done
by households’ utility maximization decision. Therefore tax revenues return back to
households as income. Households also consume imported commodities both for
private and government consumption. Imported commodities are bought directly
from the rest of the world. The consumption of imports is modeled with Armington
specification. Hence imports and domestic consumption are not perfect substitutes.
The saving decisions of household are made at the same time as their consumption
decisions. The sum of the savings accumulated by the households in all regions is
distributed among regions and sectors according to the price of capital. Hence,
savings drive investments and the model closure is essentially neo-classical in
nature. Investments change only the capital stock of the sectors and are not related

to technological change or productivity.

Producers are profit-maximizing agents that produce various commodities
according to a Constant Elasticity of Substitution (CES) production function by
using intermediate inputs and factors supplied by households. Firms use both
domestic and imported intermediate inputs and the substitution between these two

follows the Armington specification.
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Figure 4.1: Structure of consumption and production in GTAP Model

A detailed documentation of the model can be found in (Hertel, 1997) and
(Brockmeier, 1996). A graphical representation of the GTAP model structure can be
found in the Appendix Figure D.1. We use GTAP database Version 7 that consists
of bilateral trade, protection and transport data as well as national accounts of 113
regions that spans the entire world for the year 2004. We also used the Land Use
Data Base® of GTAP, which consists of a disaggregation of agricultural production
and a harvested area by agro-ecological zones (AEZ). It covers 57 sectors, four
types of factors and one type of household. Turkey is represented as a single region
in GTAP database. For this study, we aggregated the data of 16 regions and 15
sectors (see Table 4.1) to keep the analysis focused on Turkey.

° Land use data is based on FAO’s 2004 data on production, harvested area and price. The AEZ
structure is based on the SAGE database which consists of 6 categories identified by the length of
growing period (LPG), and divides the world into three climatic zones, namely: tropical, temperate,

and boreal.
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Table 4.1: Regional and sectoral aggregation in the GTAP model

Regions Sectors

Oceania Paddy, rice

East Asia Wheat

Southeast Asia Coarse grains
South Asia Vegetables, Fruits
Canada Oilseeds

United States

Sugar crops

Rest of Latin America

Other crops

Brazil

Dairy, Livestock

OECD Europe

Extract

Rest of the Middle-East

Vegetable oil

Eastern Europe

Other processed food

Former-USSR

Textile, Apparel

Turkey Manufactures
Rest of North Africa Utilities, Construction
Morocco Services

Sub-Saharan Africa

4.2 Scenario Design

We simulate four scenarios to analyze the effects of trade liberalization under
climate change. We first simulate a set of baseline scenarios (BASE) for each
climate projection and introduce only the climate change shocks. Then we run three
trade liberalization scenarios for each one of these baselines: Bilateral trade
liberalization between EU and Turkey (EU); world-wide trade liberalization in
agriculture (AGRI); and world-wide trade liberalization in all commodities
(FULL)™,

Quantification of the physical effects of the climate change is accomplished

generally by using General Circulation Models (GCMs) that incorporate various

1% We also simulated agricultural trade liberalization with EU scenario but we will not present the
results here, since they are not very different from the full trade liberalization with EU scenario.
Negligible difference between the two scenarios is due to already low protection on non-agricultural

products because of the Customs Union Decision. See Chapter 3 for details.
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global climate scenarios. There are several GCMs that try to project the future state
of the climate at the global level (Randall et al., 2007). However, the results and
conclusions of different GCMs diverge substantially (Fischer et al., 2005;
Schonwiese et al., 1987; Stern, 2006). One can think of these different results as a
description of different probable futures. If we imagine the realized future as a draw
from a probability distribution, then the results of different GCMs can be
considered as a sampling from this probability distribution which is defined by the
mean and variation of the main climatic variables such as temperature and
precipitation. Since the yield estimates are functions of these climate variables, they
can also be considered as stochastic variables that also come from a probability
distribution. Consequently, using the results of as many GCMs as possible will
increase the accuracy of the estimates by making it possible to span a large number

of probable futures.

The set of scenarios that are used by GCMs creates another source of variability in
the state of future climate. These scenarios are generally composed of various
assumptions about the economy (GDP and population growth, consumption and
production patterns, energy use, GHG emissions etc.) and society (political systems,
international relations, culture, life style etc.). Assumptions are generally supported
by a storyline that is, in turn, backed up by expert opinion and/or results of various
qualitative or quantitative analyses. Hence, even if only one GCM is used, each
simulated scenario will provide results that would reflect one draw from the
probability distribution of future state of the global climate. The most popular set of
scenarios about the future state of the world are developed by IPCC emission

scenarios (Bates et al., 2008).

Following this line of reasoning, we collected estimates of future yield changes

caused by climate change from two different sources: IFPRI Food Security CASE

Maps database (IFPRI, 2012) and the Integrated Model to Assess the Global

Environment (IMAGE) Project’s database (IMAGE Team, 2009). Both sources use

an integrated approach to derive yield changes from the results of different GCMs

under different climate scenarios. The IFPRI database provides global projected
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yield impacts for six crops (rice, wheat, maize, cassava, groundnut, and soybean)
with a wide range of scenario specifications for five year increments over a period
ending in 2050. The effects of climate change are translated to yield shocks by
using a biophysical model. The climate scenarios introduced to the crop model
follow from two different GCMs (namely CSIRO and MIROC) used to simulate
pessimistic, optimistic and normal versions of A1B and B1 SRES scenarios. The
database also supplies results of pessimistic, optimistic and normal versions of a
perfect mitigation scenario. Hence IFPRI database contains yield estimates for 15
different probable futures. A detailed description of the models and the database can
be found in Nelson et al. (2010).

The IMAGE database provides global yield impacts for 14 crop categories under
four SRES scenarios (A1B, B1, A2, and B2), and covers 17 regions/countries until
2100. The projected yield impacts are generated via terrestrial models in the
IMAGE framework which are coupled to the LEITAP model, by using input data
such as CO, concentration, cloudiness, temperature and precipitation as projected
under each SRES climate scenario. IMAGE contains the impact of 10 different
climate change scenarios. Detailed description can be found in Hoogwijk et al.
(2005) and Bouwman et al. (2006).

The autonomous productivity growth, which exists in both models as an exogenous
TFP increase, is deducted from the yield change estimates. The regional and crop
dimensions of the yield shocks calculated from these databases are aggregated to
synchronize them with the dimensions of GTAP. We used average yield changes
weighted according to the production area of different crops in different regions.
We also treated the change in the yields of irrigated activities separately by giving a
relatively higher share to them in the weighting.

The distribution of yield changes for Turkey under all climate scenarios is given in
Figure 4.2. Average yields of oilseeds, wheat and other crops decline while the
average Yields of rice, other grains and vegetables and fruits increase. The increase

in average value is quite susceptible due to high variability in the yield changes of
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these crops in different climate scenarios. For grains, the minimum change is
around -35 percent, while it is lower than -20 percent for vegetables and fruits. The
variability in yield change is generally higher for Turkey compared to the EU and
the world averages, except for wheat. However the distribution is right skewed for

all crops except rice which means that the probability of optimistic scenarios is

higher.
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Figure 4.2: Distribution of yield changes for Turkey, EU and World
(percentage change)

Yield changes for the EU are generally negative but less volatile. Thus, Turkey is
likely to be affected more by climate change compared to the rest of the world. The
distributions of yield changes for the other regions are given in Figure D.2. The
estimates are in line with the expectations, in the sense that adverse effects on
Africa and Middle East are higher compared to the other regions while Oceania and

Canada turns out to be benefiting from climate change in terms of yield changes.
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We introduce these yield changes as productivity shocks to the respective sectors
and regions. The results are then used to obtain 25 different baselines, which in turn
are used as the benchmark of the trade scenarios. Trade liberalization scenarios are
run on top of each baseline separately to obtain 25 different results for each trade
scenario. The first trade scenario is based on bilateral tariff elimination between
Turkey and European countries. Then we simulate global trade liberalization in
agricultural trade by eliminating tariffs imposed in all regions on agricultural
commodities. Lastly, we eliminate all tariffs imposed on all commodities by all

regions to analyze the effects of a full global trade liberalization scenario.

Table 4-2: Summary of scenarios

Trade . Description

scenario

BASE Climate change only

EU Climate change + Tariff elimination on all tradable commodities between OECD Europe
+ Eastern Europe and Turkey

AGRI Climate change + Global tariff elimination on all agricultural tradable commodities

FULL Climate change + Global tariff elimination on all tradable commodities

4.3 Results and discussions

4.3.1 Effects of Climate Change

The distribution of the equivalent variation (EV) is given in Figure 4.3 as a box

plot™ for all regions. The global EV varies quite significantly for the different

' The vertical line at the end of spikes shows the upper and lower adjacent values. The box covers
25™ and 75" quintiles. The white line inside the boxes shows the value of median. The dots outside

the spikes show outliers.
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climate change scenarios. The minimum is about a $20 billion loss, while the
maximum is as high as a $40 billion gain. The median of world EV is reduced to
about a $9 billion loss™ when the two extreme outcomes are considered as outliers.
The maximum welfare loss is around 0.1 percent of the global consumption, which
is also small. However, it is important to note that the world EV is sum of the EV
for different regions, and therefore a small impact at the global level does not
necessarily imply negligible effects at the regional/country level. For example, for
Turkey and the EU maximum welfare losses are around 0.3 percent of initial
consumption level, which is much higher than the global average. East Asia and
Europe are the most adversely affected regions. In all regions, the median EV is
generally negative except South Asia and South America. On the other hand, for
Sub-Saharan Africa®?, South Asia and Latin America almost the whole distribution
is above zero implying a high probability of welfare gains for these regions. These
regions are actually benefiting from climate change and the productivity shocks
implemented to the agricultural production of these regions is generally positive
(see appendix Figure D.2). For the rest of the regions the distribution of the EV
spans both negative and positive values, suggesting an uncertain outcome but the

distribution is not very dispersed and is centered around zero.

12 This corresponds to 0.04 percent of the initial world consumption.

3 The performance of GCMs is quite questionable for Sub-Saharan Africa. Precipitation projections
which are the main driver of the change in yields are particularly unreliable. Hence the positive
effects in Sub-Saharan Africa can be due to the bias in GCMs. A comparative analysis of

controversial results of different GCMs in Sub-Saharan Africa can be found in Miller (2009).
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Figure 4.3: Distribution of EV for all regions in the model under baseline
scenarios (USD million)

Changes in regional GDPs are more significant and have more disperse
distributions (Figure 4.4). GDPs in South Asia and Sub-Saharan Africa increase
under all climate scenarios, while the impact is small for USA, Europe and the
Former USSR countries. The benefits from climate change are high for the former
group while agriculture constitutes a relatively smaller part of the economy in the
latter. However for Oceania, East and South East Asia the median value for the
GDP change is slightly negative although the absolute value of positive changes in
GDP are higher than the absolute value of negative changes. In Middle East and
North Africa (including Turkey), the change in the median value is slightly positive

but the negative changes are higher than the positive changes in absolute terms.
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Figure 4.4: Change in GDP under climate change scenarios (percentage
change)

Impact of climate change on international trade is rather limited. Distribution of the
changes in imports and exports under climate change scenarios is given Figure 4.5.
Change in international trade is non-negative for most of the regions. The impact is
highest in North and Sub-Saharan Africa. These regions are among the most
affected and vulnerable regions. The results suggest that exports will increase more
than the imports in these regions as a result of increasing world price. In Turkey, the
effects on the aggregate imports and exports are insignificant and indeterminate
with slight decline in imports and slight increase in exports. Note that the regions
suffering from negative impact increase their exports by benefiting from increasing
world prices. Increase in imports suggests a substitution of imported commodities
with domestic commodities to sustain consumption. No correlation is observed
between the welfare gain under climate change and increase in aggregate imports.
In Sub-Saharan Africa and Southeast Asia changes in EV and aggregate imports are

both positive.
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Overall, the welfare impact of climate change is negative for most of the regions but
more pronounced in East Asia and Europe. The variation across the climate
scenarios is high implying a significant degree of uncertainty. In South Asia, Sub-
Saharan Africa, and Latin America welfare is improved mostly due to increasing
imports and exports. Global trade liberalization improves the welfare of all regions

and partially alleviates the negative effects for most of them.
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Figure 4.5: Change in aggregate imports and exports under climate change
scenarios (percentage change)
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4.3.2 Effects of Trade Liberalization

The distribution of welfare effects under trade liberalization and the baseline
scenarios for Turkey is given in Figure 4.6. Firstly, note that the variation in EV is
very small across the different baselines. Hence, the effect of trade liberalization on
welfare is independent of the selected climate scenario. The effects of trade
liberalization scenarios are magnified with the extent of liberalization. The welfare
gain under the FULL scenario is higher than the negative effects of climate change
for almost 75 percent of the climate change scenarios. However, gains from AGRI
or EU scenarios are weak and hardly compensate for the losses observed under
most of the climate change scenarios. The variation in the EV is very small across
different climate change scenarios. Hence, welfare effect of trade liberalization is
independent of the selected climate scenario. The effects of climate change on
agricultural productivity do not change the structure of the global economy.

EU AGRI FULL BASE
Turkey

Source: Model Results

Figure 4.6: Distribution of EV for Turkey under all scenarios (million USD)
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The EVs of Turkey’s major trading partners under trade liberalization are displayed
in Figure 4.7. The EV is generally positive under all trade liberalization scenarios
for Turkey. However, as expected this is not true for all countries and regions. For
example, gains for the USA from agricultural trade liberalization are close to zero
while they are negative under full trade liberalization. Gains in the EV for the EU,
East Asia and Middle East due to full trade liberalization are positive, and they are
likely to recover the losses caused by climate change at least for the 75 percent of

the climate scenarios.

Agricultural trade liberalization alleviates the welfare loss in East Asia. The effects
are limited for other regions. The effect of trade liberalization between the EU and

Turkey is also limited and hardly alleviates the negative impacts of climate change.
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Figure 4.7: Distribution of EV for main trading partners of Turkey under
trade liberalization scenarios (million USD)

110



The decomposition of the change in EV for Turkey according to the main drivers,
namely allocative efficiency, technological efficiency and terms of trade, is
presented in Figure 4.8. Contribution of changes in investment and saving to the
total EV is generally small. Under climate change, technological change is the
major contributor to the change in EV. This contribution is generally negative,
although the median value is slightly above zero. This is expected since climate
change scenarios are introduced as negative productivity shocks in the agricultural
sector. Terms of trade effect is generally driven by the changes in export prices for
Turkey (see appendix Figure D.10 for the decomposition of the terms of trade
effects). Under the AGRI scenario, the terms of the trade effect is negative. Since
Turkey is a net exporter of the agricultural products, declining world prices has a
negative terms of trade effect on the Turkish EV. However, the sign of terms of
trade effect is reversed under the FULL scenario as the positive effect of declining
world prices of the manufacturing and services trade dominates the negative impact
due to agricultural trade. Under the EU scenario, the effect of terms of trade effect
becomes positive and constitutes the largest part of the EV change. The effect is
again driven by the change in export prices. The allocative efficiency contributes
positively to the EV under the global trade liberalization scenarios since the
removal of tariffs eliminates a significant distortion. Under the AGRI scenario the
positive effect of allocative efficiency is higher than the negative effect of the terms
of trade effect. The contribution of allocative efficiency does not change much
under the FULL scenario. More than 80 percent of the contribution of allocative
efficiency is comes from other crops sector under both AGRI and FULL scenarios.
Other crops sector is heavily protected and has a significant share in the agricultural
trade. The most important difference between the two scenarios is observed in the
livestock and processed food sectors which form more than 25 percent of the
allocative efficiency contribution under the FULL scenario. However, allocative
efficiency declines due to the declining use of production factors under the FULL
scenario, while it increases under the AGRI scenario. These two opposing effects
cancel each other out and the contribution of allocative efficiency ends up being

close to zero. Under the EU scenario, the contribution of allocative efficiency to the
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EV is insignificant, although it is slightly negative. The decline is mostly due to the
negative effects in the manufacturing and textile sectors. The highest positive
contribution comes from the processed food, vegetable oils and fruits & vegetables

sectors (see Appendix Figure D.9).
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Note: Tech./Sav. Inv. shows effect of technological change for BASE and effect of investment
change for the other scenarios. Alloc. shows allocative efficiency effect and ToT shows terms of
trade effect.

Figure 4.8: Decomposition of EV for Turkey (million USD)

The change in Turkey’s GDP and those of her trading partners is given in Figure
4.9. Turkish GDP increases under the EU and the FULL scenarios while it declines
under the AGRI scenario. The change in GDP for third countries is negative under
the EU scenario as expected. For Turkey’s main trading partners, the changes in the
GDP are also insignificant under the AGRI scenario; only East Asia and the Former
USSR countries see a slight increase in their GDP. East Asia is the only region that

benefits from the FULL scenario together with Turkey. The increase in the East
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Asian GDP is greater than 1.5 percent. The rest of the regions see significant GDP
losses. The highest decline is noted for the former USSR countries with more than a
two percent decline.

Private consumption and trade are the main drivers of the change in GDP for
Turkey (Figure 4.10). The contribution of exports is positive while contribution of
imports is negative on the GDP implying a simultaneous increase in exports and
imports. Private consumption increases under the EU and FULL scenarios, while it
declines under the AGRI scenario. Under the EU scenario, although the effects are
small, the positive contributions of exports and consumption dominate over the
negative effect of imports and private consumption on the GDP. Furthermore, the
contribution of investments is positive and relatively high under the EU scenario.
This implies an increasing return of capital in Turkey after trade liberalization with
EU.

2
15
1
0.5 -
o ':l!_'__- ! - T -_'__-_'__-_'—'
05 Turkey ELZT E Asia E Eurape FUSSR Mid East Usas
-1 -
-15 —
-2
-2.5
WEU NAGRI FULL

Source: Model Results

Figure 4.9: Average change in GDP for Turkey and her trading partners
(percentage change)
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The decreasing contribution of private consumption to the change in the GDP under
the FULL scenario is the main reason for the smaller change in the GDP compared
to the one observed for the EU scenario. Under the AGRI scenario, private
consumption declines and together with the increasing imports, dominates the

positive effects of the increase in exports.

The immediate effect of tariff elimination for Turkey is the decline in world prices, which in turn
affects the import and export prices. Under the EU scenario, the decline in import prices is
negligible, while export prices increase, but the change is still under one percent. The increase in the
export prices of non-agri-food sectors is even smaller. The variation in the changes of export prices
over climate scenarios is given in Appendix Source: Model Results

Figure D.12. The variation is quite low for all products except rice, which is traded
thinly in the world, and also between the EU and Turkey.

8000

6000

EU AGRI FULL

Source: Model Results

Figure 4.10: Decomposition of GDP change for Turkey (difference from
baseline average, million USD)
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Changes in the export and import prices are relatively higher under both the AGRI
and FULL scenarios. The changes are mainly driven by the change in the world
prices after the trade liberalization. Import prices increase for all sectors, except
vegetables & fruits, under both scenarios (Figure 4.11). Global scale trade
liberalization increases the world price for agricultural commodities. This is mainly
due to the increasing demand for agricultural products as intermediate inputs.
Increasing production (see Appendix Figure D.21) by the food, manufacturing and
services sectors shifts up the global demand for the agricultural commodities. Since
a significant part of agricultural imports is used as intermediate inputs (60 percent
to 95 percent), the demand for these commodities increases causing import prices to
increase. Domestically produced commodities substitute for the imports. This in
turn causes consumption to increase as the production in the other sectors that use
agricultural commodities as intermediate input increases, accompanied by a
decrease in the domestic prices. As a result the price of agricultural imports
increases. Note that for fruits and vegetables, a relatively smaller share of imports is
used as intermediate inputs with 35 percent, and hence the effect of tariff

elimination remains dominant for these products.
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Source: Model Results

Figure 4.11: Average Change in Turkish import price index under trade
liberalization scenarios (percentage change)
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Export prices change significantly for agricultural commodities, as a result of tariff
elimination (Figure 4.12). For Turkey’s main trading partners, the mechanism
described above is also valid (see Figure D.15) and the demand for Turkish
agricultural exports increases. However the increase in export prices is not certain,
as the export prices of agricultural commodities decline under the AGRI scenario.
That is, for some of the Turkish tradable, the increase in demand is not high enough
to increase the price to compensate for the decline due to tariff elimination under
the AGRI scenario. The decline in the export price index is mostly due to the huge
declines in some export prices to the main trading partners. Hence Turkey becomes
less competitive in the international markets under the AGRI scenario, since the
intermediate input use of non-agricultural sectors does not increase when the trade
in non-agricultural sectors is not liberalized. Under the FULL scenario, prices of
Turkish exports increase due to increasing demand from the firms of the other

regions, except for other crops, vegetable oils and food.

BEU NAGRI FULL

Source: Model Results

Figure 4.12: Average change in Turkish export price index under trade
liberalization scenarios (percentage change)
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The volume of trade of agricultural commodities changes significantly under all
scenarios. Exports in agricultural commaodities increase in line with the change in
export prices under the EU scenario (Figure 4.13). The most important increase in
exports is observed in wheat, grains and vegetable oils. Exports of vegetable oil
triple under the EU scenario and the increase for wheat and grains is also quite
significant with increases reaching 105 percent and 68 percent respectively. The
increase is mostly due to increasing trade with the EU. Vegetable oil exports from
Turkey to the EU27 countries are heavily protected. Food exports also increases
around 20 percent. On the other hand, exports in non-agrifood sectors decline by
around two percent. The most important increase is observed for vegetables &
fruits, wheat, vegetable oils and processed food with increases ranging from 20

percent to 30 percent.

Agricultural imports are mostly used as intermediate inputs. Hence, the change in
agricultural imports is mainly driven by the increasing intermediate input demand.
However it is important to note that the increase in imports under the EU scenarios
is significant only for the commodities that become cheaper than their domestic
counterparts. Wheat, vegetable & fruits, vegetable oils and food are the most
important among these commodities. The increase in these commaodities is mainly
driven by the boosting of production of grains, livestock products and vegetable

oils.
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Figure 4.13: Change in Turkish imports and exports under the EU scenario

Exports of wheat, grains, oilseeds and other crops increase significantly under the
AGRI scenario (Figure 4.14). However, this increase is accompanied by a decline in
export prices, implying that Turkey is non-competitive in these commodities on the
global scale. Declining domestic prices in most regions (see Appendix Figure D.20)
forces Turkey to export at lower prices. Turkey is able to increase exports even with
decreasing prices. Note that exports of vegetables and fruits decline due to small
changes in domestic prices. Trade in livestock, vegetable oil and food sectors do not
change significantly as domestic and imported commodities are not substitutable
due to the low trade levels reflected in the baseline. Imports of agricultural
commodities also increase significantly, this time as substitutes for domestic
production. This is caused by declining domestic prices, which inevitably cause

production to decline.
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Figure 4.14: Change in Turkish imports and exports under AGRI scenario

The effects of full global trade liberalization are quite significant (Figure 4.15).
Under the FULL scenario, exports of livestock, vegetable oil and food increase by
almost 200 percent. This causes a significant increase in the domestic production of
these commodities, which in turn causes an increase in imports needed as
intermediate inputs. The increase in imports is higher in vegetable & fruits than the
rest, mostly due to the increase in intermediate input use from the food sector.
Wheat, sugar and other crop imports also increase since the livestock and food
processing sectors use them extensively. The ‘Trade opening’ effect is also
observed under the FULL scenario in the sense that, declining domestic prices and

increasing export prices makes exporting more appealing for the producers.
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Figure 4.15: Change in Turkish imports and exports under FULL scenario

The change in consumption is relatively modest compared to the change in trade
(Figure 4.16). This is not surprising considering the fact that trade is mostly driven
by intermediate input use. Change in consumption of agricultural commodities is
insignificant under the EU scenario. The consumption of agricultural commodities
increases significantly under the AGRI and the FULL scenarios. The increase in the
consumption of food, livestock commodities and vegetable oils as well as non-
agrifood commodities are very high under the FULL scenario compared to the
changes in consumption of these commodities under AGRI scenario. This is mainly
due to the increase in imports of these commodities and underlies higher welfare
gains. Note that without the trade liberalization in the textiles and manufacturing
sectors, the consumption of these commodities does not increase at all. This
suggests that cheaper intermediate inputs are not enough to make these sectors
competitive in the international markets, but the elimination of tariffs has an

important role in sustaining the competitiveness of these sectors.
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Figure 4.16: Average change in consumption for Turkey (percentage change)

An increase in consumption and a decrease in food prices can be considered as a
sign of an improvement in food security. However, note that the increase is driven
mainly by imports with relatively small changes in production. Exports also
increase significantly under the EU and the FULL scenarios. Hence it may be
misleading to conclude that food security is improved under trade liberalization by
only looking at the consumption level.

A simple food security indicator that is based only on the availability of food is

calculated from the simulation results:

C

n:Q+|—X (41)

where 7 is the indicator, C is consumption, Q is quantity of food commodities

available for private consumption from production, I is imports and X is exports.
The indicator actually shows the ratio of food demand to available food. The change

in the indicator for the different climate scenarios is given in Figure 4.17. The

121



change in the index for the different climate change scenarios is relatively small.
Although food production declines significantly, consumption and imports do not
change much. The decline in production is compensated for by a decline in exports
leaving domestic consumption relatively intact. That is to say, the substitution
mechanisms in the economy allow smoothing of the impacts on food consumption.
On the other hand, removing distortions from international trade has significant
effects. Food security improves under the EU and the AGRI for all climate
scenarios while it is always worse under the FULL trade. In this case, the main
driver of change for the indicator is food exports. As food tariffs are eliminated

under the FULL scenario, an increase in exports reduces the availability of food.
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Figure 4.17: Food Security indicators (percentage change)
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4.4 Conclusion

The results suggest that the impact of climate change on the global economy spans a
wide range of probabilities. Effects can be either positive or negative depending on
the size and characteristics of the physical effects, although the probability of
observing negative effects is higher. The final effect is determined by a complex set
of interactions among different regions of the world and sectors within these
regions. This increases the level of uncertainty making the climate risk vital when

evaluating possible impacts of different adaptation measures.

Economic impacts of climate change differ significantly among regions. Sub-
Saharan Africa and South Asia are the only benefiting regions in terms of economic
welfare while Europe, Middle East and North Africa are affected adversely. On the
other hand for East Asia and Europe, the variation in the results for the different
climate scenarios is very high. Hence for Europe, the effects of climate change are

likely to hamper the welfare significantly.

The variation in the effects of climate change over different climate scenarios is not
fully reflected in the macroeconomic variables. For most regions the changes in
GDP are scattered around zero. The disperse distribution of GDP shows the
contribution of economic interactions to the climate risk. The most affected regions
are small economies that are in the vulnerable regions such as Turkey, Morocco,
Middle East, and North African countries.

The most important conclusion of the simulation results is that the negative welfare
effects of climate change can be alleviated by trade liberalization for most parts of
the world. The increase in welfare under a full trade liberalization scenario is higher
than the loss under the climate change scenarios. However, regional trade
liberalization such as tariff elimination between Turkey and EU does not alleviate

the effects of climate change.

Turkey can alleviate the negative welfare effects of climate change through the

implementation of global trade liberalization policies. Furthermore, the Turkish
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GDP increases after trade liberalization implying a relatively higher increase in
exports compared to imports. Actually, the change in the GDP under trade
liberalization is driven mainly by imports and exports. The effects of trade
liberalization on Turkey are mainly through the imported intermediate input use.
Although effects on sectors may differ, Turkish imports generally increase to
accommodate the increased demand of intermediate inputs by exporting sectors,
thus in turn resulting in an increase in exports. Imports of agricultural commodities
increase to supply the intermediate input demand by food, manufacturing, livestock

and vegetable oil sectors thus boosting production and in turn exports.

The effect of trade liberalization on food security is sensitive to the climatic
conditions, although the variation in sectoral results across climate scenarios is
generally low. The worse the effect of climate change is, the more the food security
is improved by trade liberalization. This is mainly due to the increase in imports and
decline in exports under severe climate conditions since domestic production

declines significantly under more pessimistic climate scenarios.

The availability of food is generally determined by the export demand for Turkish
food commodities. As domestic prices decline due to tariff elimination, Turkish
exports increase putting pressure on the availability of food supply for domestic
consumption. On the other hand, increasing food imports decreases this pressure by
increasing the amount of available food. Food security improves the most after the
liberalization of trade between Turkey and the EU as export pressure on domestic
food availability is decreased. Under full global trade liberalization the increase in
production and imports is not sufficient to compensate for the effect of increasing

food exports.
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CHAPTER 5

CONCLUDING REMARKS

Climate change is likely to be one of the most vital issues in the following decades.
The urge for adaptation is obvious. However, it is not costless and involves various
trade-offs between generations, regions, countries and social groups. This thesis is
an attempt to shed some light on the potential costs and trade-offs. In addition, an
overall picture of the interaction of the economy with climate change through the
agricultural sector is presented. The study considered the interactions among
economic agents at the regional and national level for Turkey as well as the global
dynamics that Turkey can face through-out the next century. An integrated
approach that uses a crop-water requirement model together with three CGE models
at regional, national and global levels was adopted to achieve this purpose.

The findings suggest that the effect of climate change on agricultural production is
likely to increase over time. The results show that the effects of the climate change
are likely to vary depending on the period. The first period lasts until 2030s, and
Turkish agriculture is likely to benefit from the climate change with increasing
average Yyields and declining irrigation requirements in this period. The second
period starts after the first period and extends until 2060s. The frequency of
negative climatic extremes increases significantly, although the average yield and
irrigation requirements deteriorate only slightly over this period. The last period
starts in 2060s and lasts until the end of the time-scope for the analysis, 2099. The
frequency of extreme negative climatic events continues to increase and the average
conditions deteriorate significantly. Consequently, last period witness a drastic fall

in agricultural yields and increase in irrigation requirements.

Effects on Turkish regions are quite diverse. Eastern parts of the country are

affected less while the western and southern coastal regions are hit the most.
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Western parts of the country are relatively better off in the first period, and
relatively worse of in the following periods. This is mostly due to the relatively
higher importance of irrigation in these regions. In the absence of the adequate
water supply, the increasing price of irrigation water causes production to decline
drastically in these regions. On the other hand, eastern and southern regions are
affected less from the increasing irrigation water prices since the share of irrigated

activities is relatively lower.

Similar trends are observed at the national level. In the first period change in GDP
is between -0.1 and 0.7 with mostly positive GDP growth. GDP change remains
between -0.5 and 0.5 with more frequent negative changes in the second period. In
the last period, GDP growth is always negative between -0.5 and -3.5 percent.
Changes in EV vary between -3.3 percent and +1.3 percent of the household
consumption under climate change. Imports are reduced substantially while there is
a boost in exports, mainly due to manufacturing sector. Liberalization of
agricultural trade with EU is likely to have a limited overall effect to alleviate the
adverse effects of climate change. Welfare gains are positive but not significant
enough to change the sign of the overall effects. On the production side, the total
value added does not change much from the climate change scenario implying a
limited feedback effect. The main drivers of change on the GDP are imports and
consumption. The positive effect of declining imports on the GDP is reduced by the

declining domestic demand under trade liberalization.

Introducing the global dynamics does not change the effects of trade liberalization
policies for Turkey. Effects of EU trade liberalization are still weak and far from
alleviating climate change effect. However, global trade liberalization can alleviate
the adverse effects for Turkey. The effects of global trade liberalization on Turkey
are mainly through the imported intermediate input use. Although effects on sectors
may differ, Turkish imports generally increase to accommodate the increased
demand for intermediate inputs by exporting sectors, thus resulting in an increase in

exports. Imports of agricultural commodities increase to supply the intermediate
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input demand by food, manufacturing, livestock and vegetable oil sectors thus

boosting production and in turn exports.

The effect of trade liberalization on food security is sensitive to the climatic
conditions, although the variation in sectoral results across climate scenarios is
generally low. The worse the effect of climate change is, the more the food security
is improved by trade liberalization. This is mainly due to the increase in imports and
decline in exports under severe climate conditions since domestic production

declines significantly under more pessimistic climate scenarios.

Turkey still has time to take necessary adaptation measures. Prioritizing the
irrigation projects by taking into account the extent of regional impact of climate
change, investing in R&D activities to develop drought resistant crops, rationalizing
the irrigation water use by farmers, improving the integration of farmers to the
markets, enhancing the linkages between food and agricultural sectors, enriching
the links between agricultural markets in different regions can be considered as
policies to increase the resilience of the economy to the effects of climate change.
However, our analysis shows that any policy should be elaborated carefully for
costs and benefits. For example, trade liberalization can alleviate the negative
effects of the climate change only if implemented at the global scale. However,
regional trade liberalization can still contribute to adaptation efforts by relaxing the

constraints on consumption and on the supply of intermediate inputs.

The tools presented in this thesis can also be used to analyze many other adaptation
policy options by introducing relevant data into the model. For example, irrigation
policies can be introduced to the model in more detail to simulate the effects of
different water management strategies as an adaptation measure. Likewise, different
subsidy schemes can be simulated to see their effectiveness in climate change
adaptation and mitigation. Similarly, R&D investments can also be included in the
model to test if the technological development can create opportunities for

adaptation.
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The analysis presented in the chapters of this thesis also paves the way for further
methodological improvements. For example, the modeling approach in second and
third chapters can be combined to analyze the effects of climate change at regional
level in a dynamic setting. Another possible improvement can be including more
household types in the model to extend the analysis to cover the distributional
effects of the climate change. Further, the model used in the last chapter can be
improved by including GHG emissions to see how adaptation through the trade

liberalization can affect the mitigation efforts to decreases GHG emission.
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APPENDICES
APPENDIX A

Structure and Results of Crop Water Requirement Model
Modeling Framework

The methodology presented in Allen et al. (1998) is used to translate the physical
effects of climate change to economic impacts. This methodology allowed
calculating the monthly reference evapotranspiration for each of the 81 NUTS-3
regions from January 2001 until December 2099. Temperature and precipitation
data required for the calculations are taken from Dalfes et al. (2011). The soil and
crop specific parameters are obtained from FAO (Food and Agriculture

Organization, 2011). The approach used in Allen et al. (1998) depends on
calculating a reference crop evapotranspiration'* (ET,) and crop evapotranspiration
under standard conditions (ET.) and under water stress (ET,). ET,is
evapotranspiration from a standardized vegetated surface and shows the evaporation
power of the atmosphere. ET, is a parameter that can be calculated by using merely

weather data such as radiation, air temperature, humidity and wind speed.

14 Evapotranspiration is the simultaneous occurring of evaporation and transpiration. Evaporation is
the process where liquid water is converted into water vapor followed by the removal of this water
vapor from the evaporation surface. The degree of evaporation is determined by the amount of water
available in the soil and the degree of shading received from the crop canopy. Evaporation is mainly
determined by the soil type and meteorological conditions such as precipitation level and frequency,
temperature. Transpiration is the vaporization of liquid water from the plant tissues and removal of
vapor from the plant leaf. Transpiration depends on the type of crop, radiation, air temperature, air
humidity and wind (Allen et al., 1998).
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ET.is the amount of evaporation in a specific crop type under optimum
management of water and environmental conditions to achieve maximum yield
under the given climatic conditions. Hence, the difference between ET, and ET. is
determined by crop specific factors such as “differences in resistance to

transpiration, crop height, crop roughness, reflection, ground cover and crop rooting

characteristics” (Allen et al., 1998). This difference is generally reflected to a
parameter, namely crop coefficient K, which is calculated using different plant

characteristics (Allen et al., 1998).

climate grass ET
reference
4
Y ;‘-‘? “ =
?gg\lggg‘lure + ) H |

Wind speed
Humidity

well watered crop

optimal agronomic conditions

Ks X Kc adjusted ETS

water & environmental
stress

Source: Allen et al. (1998).

Figure A.1: Crop water requirement modelling approach

ET, is the evapotranspiration under water stress, caused by the low water content
of soil due to lack of precipitation or irrigation (Allen et al., 1998). The difference
between ET.and ET;is expressed as the water stress coefficient K, which can be

calculated by using water availability, soil characteristics, precipitation and crop

characteristics.
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ET. and related K, values are generally measured by field experiments by using
“lysimeters where the crop grows in isolated tanks filled with either disturbed or
undisturbed soil” (Allen et al., 1998) . However, ET is generally computed using
weather data since lysimeters are expensive and hard to maintain. The FAO

Penman-Monteith method is the most commonly used method for the computation

of ET,. ET from crop surfaces under standard conditions is determined by K, . Then

K, is used to find ET, (Allen et al., 1998).

Reference Evapotranspiration

The Penman-Monteith method depends on the equation developed by Penman
(1948) which combined energy balance with the mass transfer method. The
equation was further developed by several researchers and extended to cropped
surfaces by introducing resistance factors, resulting in Penman-Monteith form of

the combination equation:

Ax(R, —G)eraxcp x@
AET = . (A1)

A+}/x(1+r5]
ra

where R, is the net radiation, G is the soil heat flux, (€, —€, ) represents the vapor

pressure deficit of the air, o, is the mean air density at constant pressure, c, is the
specific heat of the air, A represents the slope of the saturation vapor pressure
temperature relationship, g is the psychrometric constant, and I, and I, are the

surface and aerodynamic resistances (Allen et al., 1998).

In equation(A.1), I, is the Aerodynamic resistance? It determines the transfer of

heat and vapor from surface to air above the crop canopy and is calculated by the

following formula:
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where I, is the aerodynamic resistance [s m™]"®, z, is the height of wind
measurements [m], z, is the height of humidity measurements [m], d is the zero
plane displacement height [m], Z,, is the roughness length governing momentum
transfer [m], Z,, is the roughness length governing transfer of heat and vapor [m], k

is the von Karman's constant which is around 0.41 and U, is the wind speed at

height z [m s*] (Allen et al., 1998).

In equation(A.1), I, shows the surface resistance of vapor flow through crop and

soil surface. I is dependent on a complicated relationship between the density and

the water status of vegetation, but the following formula has been shown to give a
good approximation:

f

r=—-—
LAI (A3)

where I, is the stomatal resistance of a well-illuminated leaf, which is generally

assumed to be 100 s m?, and LAI, is the active leaf area index [m? m?, leaf area

per for soil surface] and is assumed to be half of the LAl which is the leaf area

index and is generally approximated by the formula:

15 Units for the variables used in calculations are given in square brackets throughout the text.
Accordingly m is meter, mm is millimeters, s is seconds, kPa is kilopascal, °C is centigrade degrees,

MJ is mega joule and Kg is kilogram, rad is radian.
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LAI =24><h (A.4)

where h is the height of the plant [m] (Allen et al., 1998).

Allen et al. (1998) combine the equations (A.1) and (A.4) to obtain the FAO
Penman-Monteith equation as follows:

273 % (&%)

0.408xAx(R,—G)+yx
ET, =
A+yx(1+0.34u,)

0=

(A.5)

where R, is the net radiation at the crop surface [MJ m? day™],G is the soil heat
flux density [MJ m? day™], T is the mean daily air temperature at 2 m height [°C],
U, is wind speed at 2 m height [m s™], €, is the saturation vapour pressure [kPa], €,
is the actual vapour pressure [kPa],€, —€, is the saturation vapour pressure deficit

[kPa], A is the slope of the vapour pressure curve [kPa °C™], 7 is a psychrometric

constant [kPa °C™] (Allen et al., 1998).

Soil heat flux, G, , is calculated by:

G= 0.14><(Ti _Ti—l)

(A.6)
where T, is the mean temperature at month i .
Psychrometric constant, y , is calculated according to the following formula
c xP
pl T O 09, p o 0.665x10°xP
exA  0.622x2.45 (A7)
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where P is the atmospheric pressure [kPa], 4 is the latent heat of vaporization and

is approximately 2.45 MJ kg™, ¢, is the specific heat at a constant pressure and is

p
approximately 1.013x10™* MJ kg™ °C™, and ¢ is the ratio of the molecular weight
of water vapour/dry air and is approximately 0.622 (Allen et al., 1998).

From the simplification of ideal gas law, atmospheric pressure, P, is calculated by

5.26
p =1Ol.3x(293_0'00652j

293 (A8)

where z is the elevation above sea level [m]. Hence psychrometric constant equals

5.26
y =0.665x10 x 101,3X(293—0-0065>< zj

293 (A.9)
The mean daily air temperature, T, is calculated from the average of maximum and

minimum temperatures reported by the meteorological sources (Allen et al., 1998).

We take this data directly from Dalfes et al. (2011).

The slope of the saturation vapor pressure curve, A, is calculated according to the

following formula

4098 x| 0.61xexp 17.27xT
T+237.3

A= 2
(T +237.3)

(A.10)

To calculate €, and €, one needs to know the saturation vapour pressure at the air

temperature, T . This is calculated by

e*(T)= 0.6108xexp[17'27XT j

Then, €, can be calculated as:
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) 2 (A.12)

where T, is maximum temperature [°C], and T, is the minimum temperature

[°C]. Since Dalfes et al. (2011) do not report the minimum and maximum
temperatures, we extrapolated the mean temperature by using daily minimum and
maximum temperature data for each of the NUTS-3 regions reported by Allen et al.
(1998) according to the following formula:

Tmax =Tmean x£1+10J Tmin =Tmean X(]'_lej_z
2 2 (A.13)

where 6 is an extrapolation factor that is corrected for the sign of the mean

temperature as shown below and is not allowed to be greater than x, which is
assumed to be 5 for this study. @ is calculated as

abs(T FA° FAO _ T FAO
0= abs (Tmean) x ( mean ) % Mmax [;U! abS(Tmax Tmin }]

T FAO FAO
mean mean mean

(A.14)

where THO TFO TFAO show the average, maximum and minimum daily

mean ! min
temperature values reported by Allen et al. (1998) for Turkey. Note that we also
make the minimum temperature adjustment for the arid regions suggested by Allen
et al. (1998).

Since dew point temperature is not reported in Dalfes et al. (2011), we used an

approximation formula suggested by Allen et al. (1998) to calculate €,:

i) (A.15)

Net radiation, R, is calculated as the difference between incoming and outgoing

radiation of both short and long wave lengths and calculated by
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R, =R.—-R, (A.16)

where R is net shortwave radiation [MJm™?] and R, is net longwave radiation

[MJm™]. Net long wave radiation R, is calculated as follows:

4 4
. (U 16) ;(Tmin+273) }((0.34—0.14x\/€ )x(l.ssx%—o.ssj
° (A.17)

where « is Stephan-Boltzmann constant and is approximately equal to

4.0903x10°° [MIm?day™], R, is the calculated solar radiation [MJm?day™], R,

is the calculated clear sky solar radiation [MJm?day™]. R, is calculated as

R, =[3+lj>< R,
4 2N (A.18)

where n is the actual duration of sunshine [hours], N is the maximum possible
duration of sunshine [hours] and R, is the extraterrestrial radiation. n is obtained

from the data reported by Allen et al. (1998) for Turkey at NUTS-3 level while N

is calculated by

Nzﬁxa)S

T (A.19)
The extraterrestrial radiation, R,, for each day of the year and for the different

locations is estimated by the formula:

24 %60 : : :
R, = G, xd, | @, xsin(¢)xsin(Jd)+cos(¢)xcos(d)xsin(w,
- Cexdi o xsin(p)xsin(2)soos(p)ceos(@pcsin(w)]
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where G, is the solar constant and is approximately 0.0820 MJm™min™, d, is the

inverse relative distance between earth and sun, @, is sunset hour angle [rad], ¢

solar decimation [rad], and ¢ is the latitude [rad] (Allen et al., 1998).

In equation (A.20), the inverse relative distance, d, , and the solar declination, &,

are calculated as follows:

d =1+ 0.033><COS(2—7Z>< Jj
365 (A.21)

5= 0.409xsin[2—”>< J —1.39)
365 (A.22)

where J is the number of days in the year between 1 (January 1%) and 365
(December 31%).

The sunset hour angle, @, , is calculated as follows:

o, =arccos(—tan (p) xtan(5))

(A.23)
Clear sky solar radiation, Ry, , is calculated with the following data
R, =(0.75+2x10"°x )R,

(A.24)
Then the net shortwave solar radiation, R, is calculated as follows:
R, =(1-¢)xR, (A.25)
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where ¢ is the net solar canopy reflection coefficient and is assumed to be 0.23 for

the hypothetical grass reference crop (Allen et al., 1998).

Crop Evapotranspiration

Crop Evapotranspiration, ET,, is calculated as

ET, =K_ET, (A26)

where K, is the crop coefficient that takes different values at different stages of

crop growth depending on the climate and soil evaporation. To calculate K, for

different stages of crop growth we use the crop growth periods and planting dates

that are supplied by Allen et al. (1998) for semi-arid regions. The crop growth is

separated into 4 periods: Initial, development, mid and late growth periods. The K,

values for the initial period, K is directly taken from the tables reported by

c,ini ?
Allen et al. (1998) without any adjustments. However, crop coefficients for mid and

end period, K, and K., are adjusted according to the weather conditions as

follows

0.3
= K[l +(O.04><(u2 —2)-0.004%(RH _45))(gj

,m

K

¢, mid

(A.27)

table

where K¢ is K, ., Vvalue reported by Allen et al. (1998), RH . is the average

c,mi
minimum relative humidity during the mid-season growth stage [ percent], and h is

the average crop height during the mid-season growth stage (Allen et al., 1998). The
average minimum relative humidity during mid-season growth stage, RH ;. is

calculated as follows:
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eO (Tmin,i )

Zi eO <Tmax i )

RH min — —
2 (A.28)

where i is time index, showing each month in the mid-season period.

The end period crop coefficient, K_ ., is calculated in the same way:

K

c,end c,end

0.3

= Kgoe +(0.04x(u, —2)-0.004x (RH, —45))(hj
3 (A.29)

During the initial and mid-season stages K, is constant, but it increases and
declines linearly during the development and late seasons, respectively (see Figure
A.2) (Allen et al., 1998). To find K, for any given time, i, we use the following

formula:

Kc.i = Kc,prev +[FZJ]<Kc,next - Kc,prev)

Lstage

(A.30)

where K is the crop coefficient of the previous period (initial for the

C, prev
development period and mid-season for the late period), K .. is the crop
coefficient for the next period (mid-season for the development period and end

value for the late period), L., is the length of the stage in days, ZLprev is the sum

stage

of the lengths of all previous periods.
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Figure A.2: Crop coefficient as a function of time

Crop Evapotranspiration under Water Stress

Crop ETs had to be adjusted to reflect water stress since the calculated ETs were
used to calculate both the changes in yield and the irrigation water requirements
under changing climate conditions. Water stress occurs when the potential energy of
the soil water falls below a threshold value. The potential energy of soil water is

determined by total available soil water in the root zone (TAW), readily available
water in the root zone (RAW) and root zone depletion (D, ), all measured in mm

(Allen et al., 1998). The crop does not experience water stress as long as the soil
water content is more than the RAW. Once RAW is reached, crop experiences

water stress until the rest of the TAW is depleted when crop ET stops.
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Figure A.3: K as a function of RAW and TAW

A water stress coefficient, K,, is calculated from these factors. Crop coefficient is

reduced proportionally to reflect the effect of water stress on crop
evapotranspiration (Allen et al., 1998). Hence adjusted crop evapotranspiration is

calculated as follows:

ET,,, = K.K.ET,

c.adj (A.31)
and water stress coefficient, K., is calculated as follows:
K, = min (1, Mj
TAW — RAW (A32)
Total available water is calculated according to the following equation:
TAW :1000(49FC —6(,\,F,)Zr
(A.33)
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where 6. is the water content at field capacity [m*m™], 6, is the water content at
the wilting point [m®m™] and Z, is the rooting depth [m] (Allen et al., 1998). &,
6 and Z, follows from the tables supplied by Allen et al. (1998) for semi-arid
countries. However, the table values for Z, are the rooting depth at the middle of
crop growth periods so we calculate the Z ; ata given time, i, as follows:

Z;=2 +%X(Zr,next _Zr,prev)

ri — “r,prev L

stage (A 34)

Readily available water is calculated as follows:

where p is the average fraction of TAW that can be depleted from the root zone
before water stress. The initial values for p is also taken from Allen et al. (1998)

and are adjusted according to the following formula:

p=max (L p,, +0.04(5-ET;)) (A.36)

D, is the average of daily root zone depletions. For the initial period it is calculated

as follows

D,, = min (TAW ,1000(6?FC —HLZF’)X Z,~Pny + ETC]
(A.37)

156



where Png is the effective precipitation. Allen et al. (1998) also includes a

capillary rise™ and a deep percolation®’ factor in the formula for root depletion but

since we work with monthly data, we ignore these factors.

Effective precipitation, Pn , is calculated as follows:

(125-0.2x Pn)

Pnx if Pn<250
Py = 125
125+0.1x Pn if Pn>250 (A38)
where Pn is the reported precipitation.
For the following periods D, ; is calculated as follows:
D,; =min(TAW,D, , —Pn, —ET,) (A39)

Yield Change and Irrigation Water Requirement

Monthly ET; and ET; are used to estimate two model parameters: The yield change

and irrigation water requirement. Yield change is calculated from the yield loss with
respect to the maximum yield according to the following formula:

Y, —1-Ja—y [1-EL (A.40)
Y, ET,

16 “The amount of water transported upwards from the water table to the root zone” (Allen et al.,
1998).

7 Depletion becomes zero after heavy rain or irrigation (Allen et al., 1998).
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where Y, is yield loss, Y, is actual yield, Y\, is maximum yield, y is crop specific
yield response coefficient, ET, is the crop evapotranspiration with water stress and

ET.is crop evapotranspiration without water stress. Accordingly the change in

yields is given by

AY = 100[\(—a —1J = —100y, (1— El, j
ET

M c

(A.41)

Monthly irrigation requirements for each crop in each region and year are calculated

as the deficiency between effective precipitation and ET; .

IRQ, = ET, - Pn,, (A42)

Annual irrigation requirement is obtained by summing the monthly irrigation

requirements within a year.

Data and Results

The necessary climate data are obtained from the results of the “Climate Change
Scenarios for Turkey” project carried out by the Istanbul Technical University and
the General Directorate of State Meteorological Services (Dalfes et al., 2011). In
this project, the results of the ECHAMS model (Roeckner, 2003) are downscaled
using the RegCM3 regional climate model (Pal et al., 2007) in order to obtain the
monthly projections for key environmental variables starting from 2001 until 2099
(Dalfes et al., 2011). Onol et al. (2009) report the details of the models used in
Dalfes et al. (2011).

Yield and irrigation water requirements are based on IPCC-B1 scenario which
describes a relatively integrated world with rapid economic growth. IPCC-B1

scenario assumes that global population will increase to 9 billion in 2050 and
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decline from then on. Economic development is primarily focused on services and
communication sectors and sustainability is important in economic decisions under
IPCC-B1 scenario (Nakicenovic et al., 2000).

Estimations of westerly and southerly wind speed, precipitation and mean
temperatures that are provided by Dalfes et al., (2011) are used to calculate the
reference evapotranspiration and increase in water stress for different crops in each

province (i.e. at NUTS-3 level) until 2100. The spread of minimum and maximum
temperature, critical depletion, crop height, initial K, values, crop planting date,

length of crop development stages, rooting depth, yield response coefficients and

soil parameters are taken from Allen et al. (1998) (see appendix A).

Figure A.4 shows the mean precipitation changes for the periods 2010-2035, 2036-
2060 and 2061-2099, throughout the year. Precipitation generally increases up to 20
percent in the first period, especially in the western regions. The most significant
increase is observed during the January-March season. In other seasons,
precipitation declines in the eastern regions but remains high in the west. However
precipitation declines all over the country, except in the Cukurova basin during
October-December season.

In the second period, the pattern remains same for the January-March period, but it
changes drastically for the rest of the year. While the south eastern regions enjoy
increased precipitation between April and September, the rest of the country
experiences significantly drier spring and summer. The mean precipitation between
October and December falls all over the country. Decline in precipitation becomes
severe for central, western and south western regions for all seasons in the last
period. However, there is an increase in precipitation in the northern regions

between January and March and south eastern regions between July and December.

These findings reflect a significant change in precipitation patterns over time and
space, especially after 2030s. Precipitation will increase in the Northwest regions

between January and March in all periods while it generally declines in the other
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seasons. The western regions are either not affected significantly or benefit from the
change in precipitation until 2035, while they suffer from declining precipitation
after 2035. In the southeastern regions, precipitation declines in all seasons in the
first period but increases after 2035, especially in the summer. However, note that
the mean precipitation is quite low in the summer for the eastern and south eastern
regions and hence high changes in percentage terms do not imply very high levels
of precipitation. The central regions follow a similar pattern as the western regions;

however the increases in precipitation are lower while the declines are higher.

Changes in temperature display a similar pattern. Higher precipitation in a region is
generally accompanied by lower temperatures and vice versa. The only exception is
the southeastern regions where higher precipitation is accompanied with quite high
temperature changes. The results suggest that the average temperature change
throughout the year in the western and central regions are between -0.2 and 1 °C
until 2035. The temperature change is slightly higher in the northern and eastern
regions during this period. In the second period, the increase is between 0 and 1.5
°C, all over the country. However, the western and central regions experience the
highest changes during the last quarter of the year while the eastern and northern
regions experience it in April-June season. Temperature increase becomes quite
significant after 2060. All regions suffer from higher temperatures in all seasons.
The mean temperature increases reach as high as 3 °C in eastern and southern
regions and 2.7 °C in the other regions. The western and central regions are affected
from temperature increase throughout the year except January-March season while

effects are higher in eastern and southern regions during April-September season.
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Figure A.4: Change in precipitation (percentage difference with 2001-2010 average)
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Impact of the change in precipitation and temperature depends both on crop type
and location. The results are given in Figure A.6. In the first period, yield changes
are generally non-negative indicating better conditions for the agricultural
production. However, in the second and especially in the last period the yields
decline and irrigation requirements increase significantly with some minor
exceptions. Yield gains are higher and yield losses are lower generally in the
western regions in all periods. On the other hand, the eastern regions generally

suffer yield losses in all periods for all crops.

Wheat yields increase in almost all western and central west Anatolia, together with
the Black Sea coast. Slight decline in the yields is observed in the Mediterranean
coast. The eastern and south eastern regions generally suffer a loss in wheat yields,
with the exception of Cukurova basin and GAP regions. The pattern changes
drastically in the second and third period. Although yield gains are sustained in the
Aegean and Black Sea coastal regions in the second period, yields decline
significantly in the rest of the country during the second period. In the last period,
yield losses are prevalent in almost all the country with the exception of the eastern
Black Sea. Yield losses are especially severe in east central Anatolia and the

western Mediterranean coast.

Maize yields respond less positively to the changes in climate conditions in general.
The yield gains are generally low and limited to the Aegean coast, the Cukurova
basin and the west Black Sea coast. Most of the regions on the Aegean coast cannot
sustain the gains in the second period, while the Thrace and Marmara regions suffer
significant losses in maize yields. In the last period, maize yields decline in almost
all regions with quite significant losses in the Black Sea region, the Thrace and
western Central Anatolia. Changes in sunflower yields are generally non-negative
in the major producing regions in the first period. However, the negative impact of
changing climatic conditions becomes significant in the second and last period. The
Thrace and Aegean coastal regions are among the most affected. In the last period,
the yield losses are quite high throughout the country, and they exceed 10 percent
for most of the Northern regions.
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Fruit yields are generally better in the first period. The declines are observed only in
a few regions in central and north central Anatolia as well as the north east regions.
In the second period yield changes are nonnegative in the western coastal regions
and southeast Anatolia. In the last period, fruit yields declines all over the country

with a few exceptions.

The crop pattern crucially depends on the availability of irrigation water in these
regions together with the changes in yields. Changes in irrigation requirements are
less drastic compared to the change in yields. Irrigation requirements are lower than
the base period in the eastern central regions in all periods. In the first and second
period the irrigation requirements increase only for the northern and north-eastern

regions (Figure A.7).
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Figure A.6: Change in yields of selected crops (percentage difference with 2001-2010 average)
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Figure A.8 shows the changes in yields and irrigation requirements for each region.
The technical conditions for production of each crop in each region can be
classified under four groups. The first group is the crops for which both irrigation
requirement and yield increases (shown with yellow). Crops in this group require
higher irrigation to get higher yields. Hence these regions can have an advantage in
producing the crops in this group with appropriate investments in the irrigation
infrastructure. This is generally observed in the first period. The most important
examples are wheat production in the Black sea coast; sunflower production in the
northern Aegean regions, Thrace and western black sea regions; fruit production in
some eastern regions such as Erzincan, Erzurum, Tunceli and Van. This case is
observed less frequently in the second and last period. Only significant example is

wheat production in Black sea coast line.

The second category consists of the crops for which yields increase while irrigation
requirements decline. Hence crops in this group can dominate agricultural
production and constitute a good alternative to the conventionally produced crops.
These crops generally require irrigation in the months when precipitation is
relatively higher. Wheat and fruit production in the western regions and the Thrace,
fruit production in central Anatolia, and sunflower production in the south-western
regions are the most important examples in the first period. Cases for which
increase in yields are accompanied by decreasing irrigation requirements are quite
exceptional in the second and third period. Wheat production in the central Aegean

regions is the most significant example.

The third category is the most commonly observed scenario where yields and
irrigation requirements declines simultaneously. This scenario is observed in the
second period in almost all of the regions for wheat and sunflower; and in the third
period it is observed throughout the country for sunflower production, in east-
central Anatolia for wheat production, and for maize production in the black sea and

the north-central Anatolia regions.
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The last category consists of the crops for which yields are declining while
irrigation requirements are increasing. The technical conditions for production of
these crops are likely to deteriorate significantly. This case is generally observed in
the second and last periods. Maize production in the southern regions and fruit
production in northern and eastern regions are the most significant examples in the
second period. In the last period irrigation requirements increase while yields
decline for wheat production in central Anatolia and eastern regions, for maize
production throughout the country except northern regions and for fruit production

throughout the country.

Considering these facts and scenarios we can conclude that wheat production is
likely to increase in western regions and decline in the eastern regions in the first
period. In the second period, only the Aegean and black sea coast lines are likely to
benefit from the changes in climatic conditions depending on the availability of
irrigation. In the last period, wheat production is likely to increase in eastern central

Anatolia and the northern Aegean regions.

Maize production is likely to spread to the western and southern coastline in the
first period. However in the second and last periods, the technical conditions for
maize production will deteriorate throughout the country. Marmara and the western
black sea regions will have relatively better conditions with simultaneously

declining yields and irrigation requirements.

In the first period, fruit production improves significantly in the western regions
while it deteriorates in southern Marmara, central Anatolia and in almost all eastern
regions. Meanwhile, in the second and third periods yields decline all over the
country either with declining or increasing irrigation requirements. In these periods,
there are few exceptions where fruit yields increase such as Aydin, Mugla, Isparta,
Kirsehir, and Bingdl. In the last period, declining yields are generally accompanied

by increasing irrigation requirements.
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Conclusion

The results of the crop water requirement model are consistent with the past
findings in the literature. Technical conditions of agricultural production in Turkey
are likely to deteriorate on average. Significant adverse effects are also likely to be
observed after 2060s.

Our study also reveals that the effects of climate change are not homogenous
throughout the country. They also display high seasonal variability. Precipitation
generally will increase up to 20 percent in the first period (i.e. 2010-2035),
especially in the western regions. The most significant increase will be observed
during winter (i.e. January-March). In other seasons, precipitation will decline in
the eastern regions but will remain high in west. In the second period (i.e. 2036-
2060), the pattern will remain the same during the winter but it will change
drastically for the rest of the year. Precipitation will decline throughout the country
during the spring (i.e. April-June) and the fall (October-December). In the summer
(i.e. July-September), precipitation will increase significantly for the east central
regions, central south and south eastern Anatolia. In the last period (i.e. 2061-2099)
higher precipitation will be sustained in the northern regions during the winter but
precipitation will decline in the rest of the country. The decline in precipitation will
be quite significant during the spring throughout the country. In the summer,
precipitation will increase only in southeastern Anatolia. The decline will be milder
in the fall and the change in precipitation will be non-negative in the south-eastern
regions. Temperature changes will follow a similar trend. Higher precipitation in a

region will generally be accompanied by lower temperatures and vice versa.

The impact of the change in precipitation and temperature on the technical
conditions for agriculture will depend both on the crop type and the location. The
technical conditions for production of each crop in each region can be grouped
under four scenarios. The first group is the scenario where yields and irrigation
requirements will increase simultaneously. This scenario will generally be observed

in the first period and they are quite rare in the second and third period. Crops in
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this group will require higher irrigation for higher yields and hence, with
appropriate investments in the irrigation infrastructure, the regions can have an
advantage in producing these crops. Wheat production in Black sea coast and
sunflower production in northern Aegean regions, Thrace and western black sea
regions are the most important examples. Hence, improving the irrigation
infrastructure in these regions will be crucial in helping these regions to adjust more

easily to changes in the agricultural production conditions.

The second category considers crops whose yields will increase with a decline in
irrigation requirements. Hence crops that fit in this category can dominate
agricultural production and can constitute a good alternative to the conventionally
produced crops. Such a scenario is generally observed in the first period. Important
examples of this would be wheat and fruit production in the western regions and the
Thrace, fruit production in central Anatolia, and sunflower production in the south-
western regions. This scenario is observed only on an exception basis in the second
and third periods. The most significant example here would be wheat production in

the central Aegean regions.

The third category is the scenario where yields and irrigation requirements decline
simultaneously. This is the most commonly observed scenario and is observed for

wheat and sunflower production in the second period, in almost all regions.

The last category consists of the crops whose yields decline with increased
irrigation requirements. The technical conditions for production of crops that fall in
this category are likely to deteriorate significantly. This scenario is generally
observed in the second and last periods. Maize production in the southern regions
and fruit production in the northern and eastern regions are the most significant

examples.

In Conclusion, the results suggest that agricultural production of most crops will
benefit from climate change until 2030s. However after 2030s and especially after
2060s the conditions will deteriorate significantly throughout the country and for

almost all crops. The conventional crops such as cereals will be hit the hard by the
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changes in climatic conditions. Fruit production will also be affected quite
significantly, especially in the last period. The results also suggest that Turkey
needs to take into account the heterogonous effect of changes in climatic conditions
when prioritizing its irrigation infrastructure development activities. Sustaining
higher levels of yields is crucially dependent on the availability of irrigation, for
most regions and crops, especially in the first and second period. In the long-run,
more drought resistant crops seem to be only solution indicating the importance of

supporting R&D activities that focus on developing such seeds.
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APPENDIX B

Supplementary Tables and Figures for Chapter 2
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Figure B.1: Kernel distribution of yield change for each region
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TR7: Central Anatolia TRO: East Black Sea
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Figure B.1: Kernel distribution of yield change for each region (continued)
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Table B.1: Effects on selected aggregate variables of other sectors

BASE 2010-2035 2035-2060 2060-2100

_ Prod. 142478 0.01 -0.95 -2.62
5§ Cons. 103,317 0.08 -1.52 -4.26
= Prices 1.00 0.01 -0.60 -1.65
o | — Labor 3,179 -0.01 -0.39 -1.06
S| & capital 73,739 0.05 -1.45 -4.01
" water 1,079 -0.02 0.32 0.90
S [, Labor 21.29 0.06 -1.42 -3.93
g | & capital 1.00 0.00 0.00 0.00
=13 water 1.00 0.15 2.27 6.38
o Import 229,988 0.09 -2.14 -5.82
¥ Export 135,216 -0.07 -1.46 -3.77
F  Deficit -94,772 0.31 -3.10 -8.74
_ Prod. 35,046 0.04 -1.14 -3.14
& Cons. 46,251 0.03 -0.53 -1.50
= Prices 1.00 -0.01 -0.44 -1.19
. Labor 1,657 0.03 -0.43 -1.17
£ Capital 22,141 0.06 -1.53 -4.24
= | Y water 186.857 -0.01 0.21 0.64
8|, Labor 7.68 0.03 -1.48 411
& Capital 1.00 0.00 0.00 0.00
= Water 1.00 0.14 -2.25 -6.35
o Import 11,830 0.04 -0.90 -2.44
® Export 32,308 0.06 -2.23 -6.03
F  Deficit 20,478 0.07 -3.00 -8.11
. Prod. 14,031 0.06 -0.94 -2.68
5 Cons. 12,786 0.05 -0.75 -2.13
= Prices 1.00 0.02 -0.37 -1.01
. Labor 161 -0.05 -0.46 -1.26
- £ Capital 10,800 0.08 -1.10 -3.13
o | Y water 7.167 -0.01 0.40 1.12
:cj o Labor 20.09 0.16 -0.88 -2.58
& Capital 1.00 0.00 0.00 0.00
= Water 1.00 0.18 -1.91 -5.51
» Import  18.956 0.04 -1.17 -3.16
@  Export 101 0.00 -2.13 -5.68
P Deficit 82 0.00 -2.35 -6.26
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Table B.1: Effects on selected aggregate variables of other sectors (continued)

BASE 2010-2035 2035-2060 2060-2100

~ Prod. 429,450 0.09 161 451

S Cons. 326,497 0.09 -1.85 5.14

= Prices 1.00 0.01 -0.45 122

g [ = Labor 10,012 0.03 0.77 222
g g Capital 308,817 0.12 191 -5.36
g Water 1,928 0.01 -0.15 -0.42
o | o Labor 11.86 0.09 -1.55 -4.26
2|8 capital 1.00 0.00 0.00 0.00
&> water 1.00 0.17 2.33 -6.54
o Import 34,029 0.14 214 5.86

® Export 44,558 0.16 2,59 -7.30

P Deficit 10,529 0.21 -4.05 -6.00

~ Prod. 84,707 0.02 1,07 2.96

% Cons. 19,477 0.04 1,77 -4.85

3 = Prices 1.00 0.08 -0.73 2.07
S [ Labor 486 0.02 -0.94 259
& | & capita 13306 0.14 171 -4.84
2 [ " water 573957 0.01 -0.22 -0.59
2| , Labor 14559 0.13 -1.08 3.07
g capital 1.00 0.00 0.00 0.00

> Water 1.00 0.18 197 -5.63

Note: Production and Consumption figures and quantity of water are quantities in terms of value added units,
i.e. units that make base prices 1. Labor is in thousand person. Rest of the base values are in million TL

Source: Author’s calculation
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APPENDIX C

Supplementary Tables and Figures for Chapter 3

Table C.1: Statistics about yield and irrigation requirement changes

Crop Variable Statistics Period 1 Period 2 Period 3

Minimum -23.46 -31.28 -40.54

Irrigation Mean -3.30 -3.92 1.06

Water Req. Maximum 32.62 23.38 29.15

Wheat Standard Dev. 15.41 16.98 16.03

Minimum -9.14 -14.08 -30.51

Yield Mea_n -2.15 -7.13 -17.55

Maximum 5.23 0.23 -7.53

Standard Dev. 4.16 3.51 5.68

Minimum -20.33 -13.83 -23.28

Irrigation Mean -3.30 -1.52 -5.02

Water Req. Maximum 14.58 6.90 8.31

Maize St.aljdard Dev. 7.79 5.50 7.47

Minimum -19.32 -25.39 -54.83

Yield Mea_n 2.45 -9.88 -29.73

Maximum 15.07 12.57 -8.62

Standard Dev. 9.40 8.46 13.15

Minimum -26.01 -20.52 -26.49

Irrigation Mean -5.46 -6.62 -10.27

Water Req. Maximum 12.06 5.42 7.33

Oilseeds St_andard Dev. 9.52 8.38 7.59

Minimum -17.48 -22.71 -41.21

Yield Mea_n -1.94 -15.44 -27.28

Maximum 27.26 -0.64 -11.00

Standard Dev. 13.20 5.15 7.37

Minimum -29.96 -28.24 -28.29

Irrigation Mean -6.92 -3.01 1.33

Water Req. Maximum 27.93 29.20 34.80

Other Standard Dev. 15.44 16.36 16.05
Cereals Minimum -0.47 -1.14 -4.94
Mean 0.82 -0.14 -2.32
Yield Maximum 1.93 1.32 -0.70
Standard Dev. 0.70 0.65 1.00
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Table C.1: Statistics about yield and irrigation requirement (continued)

Crop Variable  statistics Period 1 Period 2  Period 3
Minimum -27.79 -30.95 -16.74
Irrigation Mean -1.76 2.98 12.54
Water Red.  \jayimum 24.80 33.26 40.26
. Standard Dev. 12.65 16.28 13.53
Fruit
Minimum -0.77 -2.77 -6.35
vield Mean 0.62 -1.32 -3.84
Maximum 2.58 -0.22 -0.87
Standard Dev. 0.84 0.62 1.35
Minimum -36.37 -26.47 -19.87
Irrigation  Mean -4.44 1.09 1041
Water Red.  yyayimum 24.47 25.18 46.80
Standard Dev. 15.39 14.03 15.93
Vegetable
Minimum -2.86 -10.32 -15.61
Yield Mean 5.35 -0.77 -7.33
Maximum 12.96 9.48 3.77
Standard Dev. 457 4.46 4.64
Minimum -37.27 -31.86 -39.67
Irrigation Mean -7.10 -3.61 0.73
Water Red.  ypayimum 19.48 24.30 26.35
Other Field Standard Dev. 16.16 15.19 16.55
Crops Minimum -6.88 -10.03 21.35
Yield Mean -0.25 -2.83 -10.02
Maximum 5.48 6.86 -0.55
Standard Dev. 3.45 3.59 5.22

Source: Crop water requirement model results
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Figure C.4: Change in Imports and exports under the baseline (percentage
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Figure C.5: Labor Force growth in the baseline scenario.
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Figure C.7: Standard deviation of change in imports to EU
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APPENDIX D

Supplementary Tables and Figures for Chapter 4
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Figure D.1: Detailed structure of GTAP model
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Figure D.3: Most important trading partners of Turkey
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APPENDIX E

TURKISH SUMMARY

Bolim 1: Giris

Iklim degisikligi insanligin, diinya {izerinde var oldugu giinden bu yana, bas etmek
zorunda kaldig1 en 6nemli sorunlardan birisi olmustur. insan evriminin gergeklestigi
2 milyon yil boyunca iklim kosullarinda meydana gelen dongiisel degisiklikler
onumizdeki yiizyilda karsilasmayr bekledigimiz degisikliklerden ¢ok daha
siddetliydi. Ancak tlirlimiiz, Afrika'da 500 bin yil 6nce baslayip, modern insanin
ortaya ¢ikmasina kadar devam eden biiylik iklim dalgalanmalarina adapte olmak
konusunda oldukc¢a basarili oldu. Bugilin de degisen iklim sartlarina adaptasyon
insanligin kolektif olarak ¢6zmek zorunda oldugu en biiyiik sorunlardan birisi

olarak uluslararas1 kamuoyunun giindemindedir.

Iklim degisikligine adaptasyon genel ozellikleri itibariyle iktisadi bir problemdir.
Atalarimizin insan evriminin erken asamalarinda degisik iklimlere adaptasyon
konusunda gelistirdikleri en 6nemli yontem "ekonomik" olmaktir. Homo sapiens
tiirli dogal kaynaklar1 kullanmak konusunda en verimli organizmalardan birisi olma
Ozelligine sahiptir. Saglikli bir insan viicudu biyosfer tarafindan saglanan hi¢ bir
seyi israf etmez. Hayatta kalmak i¢in bitkileri, hayvanlari, madenleri ve hatta toprak
ve kayalar1 sonuna kadar kullaniriz. Ne var ki bu hayatta kalma stratejisi tamamen
cevresinde var olanlara bagimli bir tiir ortaya ¢ikarmistir. Insanlik tarihi boyunca
tiriimiiziin verdigi en temel miicadale hayatta kalmamizi saglayacak kaynaklar
giivence altina alma ¢abasidir. Ancak bu ¢aba o kadar yogun bir hale gelmistir ki,
cabanin kendisi biyosferi degistirerek —en azindan iklim degisikligini hizlandirarak-
esenligimizi tehdit etmeye baslamistir. Dolayisiyla insanligin varligini siirdiirmek

konusunda basladigi noktaya dondiigii diisiiniilebilir. Yok olmak tehlikesini
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atlatabilmek icin "ekonomik olmanin" yeni yollarim1 bularak biyosferle etkilesim

stratejilerimizi gelistirmemiz gerekmektedir.

Bu tezin ana amaci iklim degisikligini ve iklim degisikliginin iktisadi faaliyetlerle
olan etkilesimini anlama ¢abasina katkida bulunmakdir. Bu amagla, tezi olusturan
uc bolum birbirlerinden bagimsiz olarak tasarlanmakla birlikte, bir arada
degerlendirildiklerinde iklim degisikligi, tarim ve ticaret politkas1 arasindaki
baglantilarin biitiinciil bir portresini ¢izmektedirler. Calismanin odaginda Tiirkiye
olsa da, elde edilen sonuglar cogu gelismekte olan {ilke ve/veya bolgeyi kapsayacak
sekilde genellestirilebilir. Calismamizda giincel teori ve verilere dayanan analitik
bir yaklagim izlenmistir. Statik yansitimlar yerine, miimkiin olan biitiin gelecek
tasarimlarini betimlemeye calisan stokastik bir yaklagim takip edilmistir. Yani,
iklim degisikliginin fiziksel etkilerini degerlendirirken, sorunun 6zii itibariyle var

olan belirsizlikler de dikkate alinmistir.

Bolim 2: iklim Degisikliginin Tiirkiye iizerindeki Etkilerinin Biitiinciil bir

Yaklasimla Incelenmesi

Hali hazirda su kaynaklar1 Onemli bir baski altinda olan Tiirkiye’de iklim
degisikliginin etkilerinin belirgin olmasi kagiilmazdir. Tezin ikinci boliimiiniin
amaci iklim degisikliklerinin ekonominin tamami {izerindeki etkilerinin nicel
yontemlerle ortaya konulmasidir. Bu amagla, 2008-2099 donemi igin hesaplanabilir
genel denge modeli ve bitki su gereksinimi modeli igeren biitiinlesik bir yaklasim
takip edilmistir. Iklim degisikliginin etkileri en fazla tarim sektdriinii etkileyecegi
icin, olas1 etkilerin incelenmesinde tarimin ileri ve geri sektdrel baglantilarinin
dikkate alinmasi gerekmektedir. Tezin ikinci boliimiinde kullanilan hesaplanabilir
genel denge modeli tarim sektorii ve diger sektorler arasindaki baglantilari birinci
iktisadi bolge birimleri simiflamasi1 (IBBS-I) seviyesinde modellemektedir. Diger
taraftan, 2010-2099 yillar1 arasinda aylik olarak 81 ildeki 35 diriin i¢in iklim
degisikligi kaynakli verim ve sulama suyu gereksinimlerindeki degisimler bir bitki
su gereksinimi modeli ile hesaplanmistir. Bitki su gereksinimi modelinin sonuglari

daha sonra hesaplanabilir genel denge modeline iklim soku olarak si1-okulmustur.
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Bitki Su Gereksinimi Modeli ve Kullanilan Veri Seti

Iklim degisikliginin tarimsal {iretimin teknik kosullar1 {izerindeki etkisi bitki-su
modelleri ile incelenebilir. Bu modeller yagis, sicaklik ve riizgar hizi gibi ana iklim
degiskenleri ile ilgili tahminleri kiiresel dolasim modellerinden alarak verim
degisikliklerini tahmin etmektedirler. Calismamizda iklim degisikliginin bitkisel
Uretim Uzerindeki etkilerini 6l¢imlendirmek i¢in Allen ve ark. (1998) tarafindan
gelistirilen yontemler takip edilmistir. Bu yaklasima gore 81 ilde Aralik 2001 —
Aralik 2099 donemi i¢in aylik referans terleme-buharlagsmalar hesaplanmistir.
Hesaplamalar icin gerekli olan aylik yagis, sicaklik ve riizgar hizi verileri Dalfes ve
ark. (2010)’dan alinmistir. Toprak ve bitkiye 6zel parametreler ise FAO (2011)’den

alinmustir.

Allen ve ark. (1998)’de izlenen yontem bitki terleme-buharlagmasinin referans
sartlarda (referans terleme-buharlagsma), standart sartlar altinda (standart terleme-
buharlagsma) ve su stresi altinda (stres altinda terleme-buharlagma) hesaplanmasina
dayanmaktadir. Referans terleme-buharlasma standartlastirilmis bir bitki oOrtiisiinde
meydana gelen terleme-buharlagsmadir ve atmosferin buharlastirma kapasitesini
gosterir. Referans terleme-buharlasma sadece 1simim, hava durumu verileri

kullanilarak hesaplanmaktadir.

Standart terleme buharlasma, veri iklim kosullarinda belirli bir bitki tiirii icin
optimum su yonetimi ve g¢evresel kosullar altinda en yiiksek verim elde edilen
terleme-buharlasma miktaridir. Dolayisiyla referans ve standart terleme-
buharlagmalar arasindaki fark bitkiye 0zgii “terleme direnci, bitki boyu, bitki
sertligi, yansitim, ylizey kaplama ve bitki kok derinligi” (Allen ve ark., 1998) gibi
karakteristikler arasindaki farklar tarafindan belirlenmektedir. Bu farklar degisik
bitki karakteristikleri kullanilarak hesaplanan ve standart bitki katsayis1 olarak ifade
edilen bir parametre ile ifade edilir.

Su stresi altindaki terleme-buharlagsma, yagis veya sulama eksikligi nedeniyle
topraktaki su miktarinin diisiik olmasi nedeniyle ortaya c¢ikan terleme-

buharlagsmadir. Standart ve su stresi altindaki terleme-buharlasma arasindaki fark
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erisilebilir su miktar1, toprak karakteristikleri, yagis miktar1 ve bitki ozellikleri ile

hesaplanan su stresi katsayisi tarafindan ifade edilmektir.

Calismamizda goreceli olarak entegre olmus bir diinya ve hizli ekonomik biiylimeye
sahip bir gelecek ongoriisiinde bulunan IPCC B1 senaryosu altinda bitki sulama
gereksinimleri ve verimleri hesaplanmigtir. IPCC B1 senaryosu 2050 yilina kadar
diinya niifusunun 9 Milyar kisiye ulasacagini ve ondan sonra yavas yavas
diisecegini varsaymaktadir. Bu senaryoda iktisadi biiyiime hizmetler ve iletisim

sektorlerine odakli seyrederken, iktisadi siirdiiriilebilirlik 6nemlidir.

Referans ve su stresi altindaki terleme-buharlasma katsayilar1 Dalfes ve ark. (2011)
tarafindan hesaplanan riizgar hizlari, yagis ve ortalama sicakliklar kullanilarak her
ilde ve 2001-2099 yillar1 igin aylik olarak hesaplanmistir. En diisiik ve en yiiksek
sicakliklarin yayilimi, kritik bosalma, bitki boyu, baslangi¢ standart bitki katsayisi
degerleri, bitki ekim tarihleri, bitki gelisim siireleri, kok derinligi, verim yanit

katsayilar1 ve toprak parametreleri Allen ve ark. (1998)’den alinmustir.

Bitki su gereksinimi modelinin sonuglar1 literatiirde yapilmis olan benzer
caligmalarin bulgularhiyla tutarlidir. Model sonuglarina gore, Tiirkiye’de tarimsal
iiretimin teknik kosullar1 ortalamada kétiilesmektedir. Iklim degisikliginin olumsuz
etkileri 2060’dan sonra belirgin bir hal almaktadir. Model sonuglar1 ayrica iklim
degisikliginin etkilerinin tlilke genelinde homojen olmayacagimi ve mevsimler
arasinda Onemli farkliliklar gosterecegini de ortaya koymaktadir. Sonuglar
incelendiginde, iklim degisikliginin tarimsal iiretimin teknik kosullari tizerindeki
etkilerinin ozellikleri agisindan oOnlimiizdeki yiizyillin li¢ doneme ayrilabilecegi
gorilmektedir. 2010-2035 yillar1 arasindaki birinci donemde Ozellikle bati
bolgelerinde, ortalama yagislarda %20’ye varan artiglar gézlemlenmektedir. En
onemli artis kis (Ocak-Mart) aylarinda olacaktir. Diger mevsimlerde, ortalama
yagislar dogu bolgelerinde azalirken bat1 bolgelerinde yiiksek seyretmektedir. 2036-
2060 yillarin1 kapsayan ikinci donemde kis aylarinda yagis desenleri pek fazla
degismezken, yilin geri kalan donemlerinde belirgin bir sekilde degismektedir.

2061-2099 yillarim1 kapsayan {igiincii donemde ise kuzey bolgelerinde kisin
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gozlemlenen yiiksek ortalama yagis miktarlari korunurken, tilkenin geri kalaninda

ortalama yagislarda ciddi azalmalar meydana gelecektir.

Yagis ve sulama gereksinimlerindeki degisikliklerin verim ve sulama gereksinimleri
tizerindeki etkisi hem bolge hem de bitki tiiriine gore degisiklik gostermektedir. Bu
etkiler verim ve sulama gereksinimlerindeki degisiklikler bakimindan dort grup
senaryo altinda incelenebilir. Verim ve sulama gereksinimlerinin es zamanli olarak
arttigt durumlar birinci grubu olusturmaktadir. Bu durum genellikle birinci
donemde izlenmekte, ikinci ve Ucuncl donemlerde ise istisnai olarak ortaya
¢ikmaktadir. Bu guruptaki bitki tiretim faaliyetleri, daha yiiksek verimler i¢in daha
fazla sulama gerektireceginden, uygun sulama yatirimlari ile bu durumlarin
gbzlendigi bolgelerin s6z konusu iriinlerin yetistirilmesinde bir avantaj sahibi
olmast miimkiindiir. Verimler yiikselirken, sulama gereksinimlerinin diistiigi
durumlar ikinci grubu olusturmaktadir. Dolayisiyla bu gruptaki {iretim faaliyetleri,
bu durumun gozlendigi bolgelerde tarimsal iiretimde baskin hale gelecektir. Bu
durum genellikle birinci doénemde go6zlemlenmektedir. Verimlerin ve sulama
gereksinimlerinin ayni anda diistiigi durumlar {i¢lincli grubu olusturmaktadir. Bu
durum, iilke genelinde ve biitiin donemlerde en sik olarak gézlemlenen durumdur.
Verimler diiserken sulama gereksinimlerinin arttigt  durumlar son grubu
olusturmaktadir. Bu guruptaki tiretim faaliyetlerinin teknik kosullar1 dnemli dlciide
kotiilesmektedir.  Bu  durum  genellikle ikinci  ve {c¢linci  ddnemde

g6zlemlenmektedir.

Sonu¢ olarak bulgularimiz 2030°lu yillara kadar tarimsal tiretimin 6nemli bir
kisminin  iklim degisikliginin  etkilerinden olumlu yonde etkilenecegini
gostermektedir. Ne var ki, bunda sonra ve o6zellikle 2060’11 yillardan sonra hemen
hemen biitiin {irtinler i¢in liretim kosullar1 belirgin bir sekilde kotiilesecektir.
Tahillar gibi geleneksel tirtinler iklim degisikliginden olduk¢a olumsuz bir sekilde
etkilenecektir. Meyve uretimi Gzerindeki etkiler de 6zellikle son dénemde oldukca
olumsuzdur. Bu sonuglara gore Tirkiye’de sulama yatirimi planlamasi yapilirken
iklim degisikliginin heterojen etkilerinin dikkate alinmasi ¢ok dnemlidir. Ozellikle
birinci ve ikinci donemlerde, verimlerin diismesinin onlenmesi Onemli o6lglde
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sulama altyapisinin gelistirilmesi ile miimkiin olacaktir. Uzun vadede ise kurakliga
dayanikl: tiirlerin gelistirilmesi ve yayginlastirilmasi tek ¢6ziim olarak goriinmekte
ve bu sebeple tarimsal Ar-Ge caligmalarinin desteklenmesinin 6nemini ortaya

koymaktadir.
Statik HGD Modeli ve Kullanilan Veri Seti

Bu boliimde gelistirilen Walrasyan hesaplanabilir genel denge modeli, ekonomiyi
12 IBBS-1 bolgesinde 7 sektdr i¢in liretim yapan 7 liretim faaliyetine ayirmaktadir.
Uretim faaliyetleri tarim, gida iiretimi, tekstil, diger sanayi iiretimi, enerji, dzel
hizmetler ve kamu hizmetleri sektorleridir. Ekonomideki her sektér diger
sektorlerden saglanan ara mali girdileriyle birlikte liretim faktorii olarak isgiicii,
sermaye, susuz toprak, sulu toprak, tarimsal sulama suyu ve sinai su kullanarak
iretim yapan bir Gretim faaliyeti ile temsil edilmektedir. Uretim fonksiyonunun
kademeli bir yapist vardir. Birinci kademede sulama suyu ile sulu toprak Leontief
tipi bir Oretim fonksiyonuna girerek sulama suyu-sulu toprak bilesik faktoriinii
olusturmaktadir. Bu sekilde bu iki faktor arasindaki tamamlayicilik iliskisi modele
dahil edilmektedir. Bu bilesik faktor ikinci kademede diger iiretim faktorleri ile
birlikte sabit ikame esneklikli bir iiretim fonksiyonuna girerek bir ¢esit bilesik
iretim faktori tiretmektedir. Diger taraftan, yine ikinci kademede, ara mal1 girdileri
Leontief tipi bir iiretim fonksiyonunda bilesik girdiye doniistiiriilmektedir. Ugiincii
kademede ise bilesik tiretim faktorii sabit ikame esneklikli bir iiretim faktoriine

girerek katma deger cinsinden nihai {iriinii olusturmaktadir.

Uretim siirecinde {iretilen {iriinler yurt i¢i piyasalara ara mali ve nihai mal olarak ve
aym zamanda uluslararas1 piyasalara ihracat iiriinii olarak arz edilmektedir. Uretim

faaliyetleri devlete Uretim vergisi 6demekte ve devletten destek almaktadirlar.

Sermaye tarafindan yaratilan katma deger gelir olarak firmalara 6denmektedir.
Firmalar devletten ve yurt disindan gelir transferleri almaktadirlar. Firma gelirleri,
hanehalkina sermaye geliri, devlete kurumlar vergisi ve yurt digina sermaye

transferi olarak aktarilmaktadir.
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Hanehalklar isgiicii, toprak ve su tarafindan yaratilan katma degeri gelir olarak
dogrudan almaktadirlar. Hanehalklarina da devletten ve yurt disindan gelir transferi
yapilmaktadir. Hanehalki bu gelirleri tiiketim harcamalari yapmak, gelir vergisi
0demek ve tasarruf yapmak ic¢in kullanmaktadir. Tiiketim dogrusal harcama sistemi
yontemi ile modellenmistir. Buna gore hanehalki gecimlik tiiketim seviyesinin

tizerinde tiikettigi iiriin miktar1 kadar fayda elde etmektedir.

Dinlence zamani da fayda fonksiyonuna dahil edilmistir. Kalibrasyon ile ilgili
giicliikleri asmak i¢in isgiiciine dahil olan igsiz niifusun halihazirda is aramayan
kismini dinlence zamaninin bir gdstergesi oldugu varsayilmistir. Isgiiciine dahil
olmayan niifus ise (6grenciler, ev hanimlari, emekli kisiler vs...) gecimlik dinlence
seviyesi olarak kabul edilmistir. Bu yaklasim, hanehalkinin isgiicli arz1 davranigini
modelleme imkani tanisa da mevcut tiiketim sisteminde gecimlik dinlence
miktarinin i¢sel hale getirilmesi miimkiin olmadigi i¢in isgiliciine katilim hala dissal
olarak ele alinmak zorundadir. Ne var ki, isgiiciine katilimin sabit digsal bir
degisken olarak kalmasinin Oniine ge¢mek i¢in is giiciine katilimin bir “hareket
kurali”  ¢ergevesinde belirlendigi varsayimi yapilmistir. Buna gore, isgiiciine
katilim reel iicretlerdeki degisimin bir fonksiyonudur. Reel {icretler arttik¢a

isgliciine katilim da artmaktadir.

Hanehalkinin tasarruf davranisi model kapama kurallari ile belirlenmektedir. Makro
diizeyde tasarruflarin yatirimlar tarafindan belirlendigi ve toplam absorpsiyondaki
diizeltmelerin tiim irlinlere ayni Olgiide yansidigr varsayilmistir. Dolayisiyla,
yatirimlarin absorpsiyon igindeki pay1 sabit olup iktisadi birimlerin tasarruf oranlari

yatirimlari finanse edecek sekilde esit oranda 6lgeklendirilmektedir.

Devlet ile ilgili herhangi bir davranigsal varsayim yapilmamustir. Devlet vergi
toplamakta ve yurt disindan gelir transferleri almaktadir. Devlet gelirleri kamu
tikketimi, kamu tasarrufu, yurt i¢indeki kurumlar ve kisiler ile yurt disina gelir
transferi 6demeleri yapmak i¢in kullanilmaktadir. Toplam devlet harcamalarinin
toplam absorpsiyon igindeki payi sabittir. Devlet tasarruflariin esnek, vergi

oranlarinin ise sabit oldugu varsayilmistir.
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Di1s alemler hesabi Tiirkiye’ye ithal mallar1 arz edip, Tiirkiye’den ihracat mallarinm
talep etmektedir. Ayrica yurtici kurumlara gelir transferi 6demeleri yapmakta ve
onlardan gelir transferi 6demeleri almakta ve Tiirkiye’ye yatirnm yapmaktadir.
Ithalat, Armington yaklasimi ile modellenmistir ve sabit esneklikli bir déniisiim
fonksiyonu tarafindan yonetilmektedir. Buna gore, ithal edilen iiriinler yurt i¢inde
iiretilen {irtinlerle tam ikame mallar1 degildir ve ithalat talebi ile yerli mal talebi bir
ikame esnekligi tarafindan belirlenmektedir. D1s alem tasarrufu her zaman cari agig1
finanse edecek sekilde ithalat ve ihracat arasindaki farka esittir. Yurt icindeki
kurumlara ve bu kurumlardan yapilan gelir transferlerinin bu kurumlarin gelirleri

icindeki pay1 sabittir.

Calismamizda kullanilan sosyal hesaplar matrisi  Yigiteli (2010) tarafindan
hesaplanmis olan toplulastirilmis sosyal hesaplar matrisine dayanmaktadir. Yigiteli
(2010) sosyal hesaplar matrisi 2008 yili i¢in gelir gruplarina gore 5 cesit
hanehalkinin tiiketimi i¢in kayit disi isgiicli, kayith isgiicii, toprak ve sermaye
kullanarak iiretim yapan 49 sektor igermektedir. Bu bolimiin amaglarn
dogrultusunda bu sosyal hesaplar matrisi yedi sektdr ve bir hanehalki igerecek
sekilde toplulastirilmis ve daha sonra 12 IBBS-1 bolgesine ayrilmistir. Girdi ¢ikti
tablosunun bolgesellestirilmesi Artirilmis Flegg Mekénsal Orantilama (Augmented
Flegg Location Quotiens — AFLQ) yontemi ile yapilmistir. sosyal hesaplar
matrisinin diger satir ve siitunlar belirli varsayimlar altinda ¢esitli veri setleri

kullanilarak yapilmistir.

Tiirkiye, cografi ve sosyal Ozellikleri bakimindan birinden ¢ok farkli bdlgelere
sahiptir. Bu farkliliklar iretim ve tiiketim desenlerindeki farkliliklar olarak
ekonomiye de yansimaktadir. Farkli bolgesel yapilar karmagsik bir ekonomik
iliskiler ag1 ortaya cikarmaktadir. Iklim degisikliginin muhtemel etkilerinin tam
olarak anlasilabilmesi bu karmasik iliskiler aginin da dikkate alinmasi

gerekmektedir.

Tezin ikinci boliimiinlin amaglarina uygun olarak bitki su gereksinimi modelinden

elde edilen verim ve sulama gereksinimleri degisimleri hesaplanabilir genel denge
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modeline iklim soklar1 olarak sokulmustur. Verimlerdeki degisim, tarim sektoriinde
toplam faktor verimliligi soku olarak; sulama gereksinimlerindeki degisim ise
uretim fonksiyonunun sulanan toprak-sulama suyu kademesindeki Leontieff
katsayisinin, yani birim alan i¢in gereken su miktarmnin, artis1 seklinde modele dahil
edilmistir. Benzetimler 2008-2099 yillar1 i¢in karsilagtirmali statik deneyler
seklinde yapilmaktadir.

Bulgular

Benzetim sonuglarina gore iklim degisikliginin sebep oldugu verim ve sulama
gereksinimlerindeki degisimler {iretim deseni ve goreceli fiyatlar1 sert bir bicimde
degistirecektir. Bunun sonucunda tarim ve gida iiretimi dnemli 6l¢iide azalacak, bu
tirtinlerin fiyatlar1 ise buna paralel olarak ciddi oranda yiikselecektir. Kiy1 bolgeleri
iklim degisikliginin ekonomik etkilerinden 2060’11 yillara kadar daha az etkilenecek
ancak bundan sonra bu etkiler énemli Olgiide kotiilesecektir. Biitiin donemlerde
goreceli olarak daha az sulu Uretim yapan bolgeler Gzerinde iklim degisikliginin
etkileri daha az olumsuzdur ve bu, sulama gereksinimlerindeki artisin verimlerdeki
diisiisler kadar onemli oldugunu gostermektedir. Refah gostergelerinde de benzer
bir desen gozlemlenmektedir. Dogu bdlgelerindeki Hanehalklar1  iklim

degisikliginden daha az etkilenmektedirler.

2035 yilindan sonra dis dis ticaret hacmi ciddi oranda diismektedir. Sanayi disindaki
biitlin sektorlerde dig ticaret dengesi kotillesmekte ancak toplam cari agik
azalmaktadir. Tarim ve gida sektdrlerinde ithalata bagimlilik artmakta ve bu da orta
ve uzun vadeli politika tasarimlarinda gida giivencesi ile ilgili politikalarin 6nemini

gOstermektedir.

Birinci bolimde elde edilen bulgular literatirdeki ulusal veya kiresel dizeyde
yapilmis olan diger ¢alismalarin bulgular: ile de uyumludur. Iklim degisikliginin
iktisadi etkileri bolgelere gore farkliliklar gdstermektedir. Ornegin, iklim degisikligi
baz1 bolgelerde refah kaybina neden olmamaktadir. Bunun anlami iklim degisikligi
politikasinin tasarlanmasinda bdlgeler arasindaki farkliliklarin dikkate alinmasi

gerektigidir. Pek ¢ok calisma tarafindan ongoriildiigli gibi olumsuz etkiler 2030°1u
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yillardan sonra 6zellikle asir1 olaylarin daha sik olarak yasanmasi yoluyla daha
belirgin hale gelmektedir. En kétimser durumda gayri safi yurt ici hasila (GSYIH)
kayiplar1 %10’a kadar yiikselmektedir.

Bolim 3: iklim Degisikligi, Tarim ve Ticari Serbestlesme: Tiirkiye icin
Dinamik HGD Analizi

Tezin Ucuncl boliminde dinamik bir hesaplanabilir genel denge modeli
gelistirilmistir. Bu model ulusal diizeydedir ve tiim Tiirkiye’yi tek bir bolge olarak
ele almaktadir. Modelde tarim sektorii daha detayli olarak inceleme yapmak
amaciyla alt sektorlere ayrigtirilmistir. Ayrica modelin dig alemler hesabi bes ticaret

ortagini icerecek sekilde yeniden tasarlanmistir.

Gelistirilen bu modelle iklim degisikligi ve ticari serbestlesme benzetimleri
yapilarak dis ticareti serbestlestirmenin iklim degisikliginin olumsuz etkilerini
hafifletip hafifletmedigi incelenmistir. Kullanilan iklim degisikligi senaryosu,
birinci b6limde kullanilan senaryonun detayli bir versiyonudur. Dig ticaret
serbestlesmesi senaryosu ise Tiirkiye’nin AB’ne uyguladigi giimriik vergilerinin
kaldirilmas: seklinde tasarlanmistir. iklim degisikligi biitiin diinyay: etkileyecek bir
olgu oldugu i¢in kiiresel ¢apta tarimsal fiyatlarin degismesi kaginilmazdir ve bu, dig
ticaret serbestlesmesinin olas1 etkileri lizerinde 6nemli farkliliklar yaratabilir. Ne
var ki tarim fiyatlarindaki bu olas1 degisimin yonii ve biiyiikliigii bilinmemektedir.
Tarim fiyatlarindaki belirsizligi analize dahil etmek i¢in diinya tarim fiyatlarinin
normal bir dagilimdan geldigini ve bu dagilimin ortalamasinin ve standart
sapmasinin iklim degisikligi tarafindan degistirilecegi varsayilmistir. Kotiilesen
ortalama sartlar1 ve artan iklim riskini betimlemek i¢in diinya fiyatlarinin
dagilimmin ortalamasinin artacagi, ancak standart sapmasinin ayni kalacagini
varsayllmistir. Bu varsayim altinda elde edilen model sonuglari iklim degisikliginin
diinya fiyatlari iizerindeki etkisinin ne kadar 6nemli olduguna dair sonuglar tretmek

icin kullanilmistir.
Model ve Kullanilan Veri Seti
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Bu boliimiin amaclarina uygun olarak, ikinci boliimde gelistirilmis olan statik
hesaplanabilir genel denge modeli Thurlow’un (2004) yontemi izlenerek
Ozyinelemeli dinamik hale getirilmistir. Dinamik siire¢ sermaye birikimi,
iiretkenlik, niifus ve isgiicline katilimdaki biiyiime siirecleri tizerinden islemektedir.
Dinamik hesaplanabilir genel denge modeli tarafindan kullanilan sosyal hesaplar
matrisi, ikinci boliimde kullanilan sosyal hesaplar matrisinin {izerinde yapilan ti¢
degisiklikle elde edilmistir. Oncelikle, béliim 2°de kullanilan sosyal hesaplar matrisi
bolgeler iizerinde toplulastirilarak ulusal sosyal hesaplar matrisi elde edilmistir.
Ikinci olarak, daha detayli bir inceleme yapilabilmesi amaci ile tarim sektérii 13 alt
sektore ayrilmistir. Bu alt sektorler: bugday, musir, piring, diger tahillar, yagh
tohumlar, seker pancari, diger tarla bitkileri, meyve, sebze siit iiriinleri, et, diger
hayvancilik faaliyetleri ve son olarak diger tarimsal faaliyetlerdir. Tarim dist
sektorler birinci boliimdeki halleri ile kalmistir: Gida iiretimi, tekstil, enerji, diger
snayi Uretimi, 0zel hizmetler ve kamu hizmetleri. Son olarak, sosyal hesaplar
matrisinin dis alemler hesab1 5 bolgeye ayristirilmistir. Bu bolgeler: Avrupa Birligi
tilkeleri, diger Avrupa flilkeleri, Kuzey Amerika, Orta Dogu ve Kuzey Afrika ile

Diinyanin geri kalanidir.

Iklim degisikligi senaryolarmin altinda AB ile Tiirkiye arasinda meydana gelecek
bir ticari serbestlesmenin etkilerini incelemek i¢in 2008-2099 yillar1 arasinda ii¢
senaryo benzetimi yapilmistir. Oncelikle ekonominin uzun vadeli ortalama biiyiime
desenini taklit eden bir referans senaryo olusturulmustur. Referans senaryonun
sonuglar1 diger senaryolar i¢in kiyas noktas1 olarak kullanilmistir. iklim degisikligi
senaryosunda verim ve sulama suyu gereksinimlerindeki degisimler referans
senaryodaki varsayimlarin iizerine iklim soku olarak eklenmektedir. Son olarak
Tiirkiye’nin tek tarafli olarak ithalat vergilerini kaldirdigi durumun benzetimi
yapilmistir. Iklim degisikligi ve ithalat vergilerinin tek tarafli kaldirilmas
senaryolarmin benzetimi 48 farkli diinya fiyat degisikligi varsayimi altinda
yapilmustir. Varsayilan diinya fiyat degisimi serileri Gaussyan Dordiilleme yontemi
kullanilarak diinya fiyatlarinin ge¢mis yillarda gézlemlenen istatistiksel 6zellikleri

kullanilarak hesaplanmustir.

211



Benzetim sonuglarina gore iklim degisikligi %3.5’e varan GSYIH kayiplarina
neden olabilecektir. GSYIH’deki kayiplarin ana etmenleri 6zel tiiketimlerdeki

diistisler ve ithalatta meydana gelen belirgin artiglardir.

Ithalat vergilerinin kaldirilmas: iklim degisikliginin Tiirkiye ekonomisi {izerindeki
bu olumsuz etkilerini kisithh bir sekilde azaltmaktadir. Ticari serbestlesmenin
sagladigr refah artigi, iklim degisikliginin sebep oldugu refah kayiplar1 ile
kiyaslandiginda oldukea kiiciik kalmaktadir. Ne var ki, ticari serbestlesmenin refah
arttirict etkisi, iklim degisikliginin etkileri kotiilestikge — 0zellikle 2060°11 yillardan
sonra — artmaktadir. Bunun sebebi, dig ticaret serbestlesmesinin iktisadi birimlere
hem iiretim hem tiiketim siirecinde daha fazla ikame olanagi vermesidir. Dig ticaret
serbestlesmesi altinda ekonominin temel intibak mekanizmasi iiretimde ara mali
girdilerinin faktorlerle ve tiiketimde ithal mallarin yerli mallarla ikame edilmesidir.
Bunun sonucunda sektorel diizeyde onemli degisiklikler gézlenmektedir. Bugday,
piring ve diger tahillar dis ticaret serbestlesmesinden en fazla etkilenen sektorler
olarak 6n plana ¢ikmaktadir. Iklim degisikligi onemli &lgiide verimlilik kaybina
sebep oldugu icin bu iriinler hem yerel hem de ithal alternatifleri karsisindaki
rekabet giiglerini 6nemli olgiide kaybetmektedirler. Uretimleri, ihracatlari ve
fiyatlar1 6nemli 6lgiide geriledigi i¢in bu triinler ithal mallarla en fazla ikame edilen
driinlerdir. Diger taraftan musir, yagli tohumlar, meyve ve islenmis gida dis ticaret
serbestlesmesinden olumlu etkilenmektedirler. Bu iiriinlerin iiretim ve ihracatlar
artmakta fiyatlar1 diismekte ve ithalatlari ¢ok fazla degismemektedir. Iklim
degisikligi soklarindan sonra daha verimli hale geldikleri i¢in liretim faktorlerinin

bu sektorlerdeki istihdaminda artis gézlenmektedir.

AB iilkelerinden yapilan ithalatta belirgin artislar meydana gelmekte ve bu da i¢
piyasadaki fiyatlarin 6nemli dl¢ilide diismesine sebep olmaktadir. Bunun neticesinde
tarimsal iiretim diismektedir. Yerel fiyatlarda meydan gelen diisiis, dis ticaret
yapilan diger bolgelere uygulanan ithalat vergilerinden diisiikk oldugu i¢in diger
bolgelerden yapilan ithalatta diisiisler goriilmektedir. Bunun neticesinde toplam
ithalat azalmaktadir. Dolayisiyla AB ile yapilan dis ticaret serbestlesmesi dis ticaret
kaymasi yaratmaktadir.
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Bu béliimde sunulan analiz pek ¢ok yonden gelistirilebilir. Ornegin, diger iilkeler de
iklim degisikliginden etkilenecekleri icin Tiirk ihracat mallarina talepleri ve
Tiirkiye’ye yaptiklar: ithalat arzi da bundan etkilenecektir. Boyle bir degisiklik
iklim degisikliginin ve dis ticarette serbestlesmenin Tiirkiye {lizerindeki etkilerini
degistirebilir. Ikinci olarak AB ile tek tarafli yapilacak olan bir dis ticaret
serbestlesmesi Tiirkiye’nin dig ticaret politikasindaki tek segenek degildir. Diger
bolge ve iilkelerle yapilacak olan bir dis ticaret anlagmasinin etkileri ¢ok daha
biiyiik olabilir. Son olarak, bu bdliimde tek bir kiiresel dolasim modelinin sonuglari
kullanilmistir. Farkli kiiresel dolasim modellerinin kullanilmasi iklim degisikliginin

olas1 sonuglar1 konusunda daha biitiinciil bir analiz yapilmasina olanak tanryabilir.

Boliim 4: Iklim Degisikligine Kiiresel bir Adaptasyon Araci olarak Dis ticaret
Politikalar:

Tezin dordunct bolimiinde, iklim degisikliginin kiiresel ekonomi {izerindeki etkisi
incelenmis ve degisik ticari serbestlesme politikalarinin bu etkilerle etkilesimi
incelenmigstir. Bu amagla dordiincii bolimde GTAP modeli kullanilmistir. GTAP
literatiirde dig ticaret politikast analizi i¢in sik¢a kullanilan detayli bir kiiresel
hesaplanabilir genel denge modelidir. GTAP’in tezin dérduncl béliimde kullanilan
versiyonunda 16 bolge ve 15 aktivite vardir ve GTAP 7 veri tabanim
kullanmaktadir. Benzetimler konusunda tezin doérdinci bolimde de (glincu
boliminde izlenen yaklasim izlenmistir. Modele 25 farkli iklim yansitimindan
gelen iklim soklar1 sokularak referans senaryolar olusturulmus, daha sonra dig
ticaret serbestlesmesi benzetimlerinin sonuglari bu referans senaryolarin sonuglar

ile kryaslanmgtir.
Kullanilan Model ve Veri Seti

GTAP, hanehalkalari, iireticiler ve kamu sektoriiniin davraniglarini genel denge
teorisinin standart varsayimlarini takip ederek modelleyen ¢ok bolgeli, kiiresel ve
statik bir HGD modelidir. Hanehalklar1 fayda maksimizasyonu yapan ve ekonomide
uretilen batin geliri alan ekonomik birimlerdir. Bu gelir, 06zel tiketim ve

tasarruflara Cobb-Douglas fayda fonksiyonuna gére harcanmaktadir. Yani hane
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halkinin tasarruf karari tilketim karari ile eszamanli olarak alinmaktadir. Gelir, her
biri hane halkinin miilkiyetinde olan vasifl1 iggiicii, vasifsiz iggiicii, toprak, sermaye
ve dogal kaynaklar tarafindan iiretilmektedir. Tiiketimin degisik mallar arasindaki
dagilimi homotetik olmayan sabit fark esneklikli i¢csel bir fayda fonksiyonuna goére
yapilmaktadir. Kamu tiiketiminin dagilimi ise ikinci bir Cobb-Douglas Uretim
fonksiyonuna gore yapilmaktadir. Kamu tiiketimi hanehalklariin fayda
maksimizasyonunun bir parcasi oldugu icin vergi gelirleri hanehalklarina gelir
transferi olarak geri donmektedir. Hanehalklar1 hem 6zel tiiketim hem de kamu
tuketimi icin ithal mallar: da tiiketmektedir. Ithal mallar dogrudan diinyanin geri
kalanindan alinmaktadir. Ithal mallarin  tilketimi Armington yaklasimi ile
modellenmektedir. Dolayisiyla ithal mallarla yerli mallar1 tam ikame mallar
degildir.

Toplam tasarruflarin dagitilmas: kiiresel seviyede olmaktadir. Tiim bolgelerdeki
hanehalklarinin toplam birikimi bolgelere ve sektorlere, sermayenin fiyatina gore
dagitilmaktadir. Dolayisiyla, modelde yatirimlarin tasarruflar tarafindan belirlendigi
neo-klasik bir kapama kurali varsayilmaktadir. GTAP modelinde yatirimlar sadece
sektorlerin sermaye stogunu degistirmektedir ve teknolojik degisim veya

iretkenlige bir etkisi yoktur.

Bu bolimiin amaglart dogrultusunda GTAP veri tabanmnin 7. versiyonu
kullanilmistir. GTAP veri tabani iki yonlii dis ticaret, koruma ve nakliyat verisinin
yani sira diinya lizerindeki 113 bolgenin ulusal hesaplan ile ilgili verileri de
icermektedir. Verilerin temel yil1 2004°tiir. Veri tabanindaki her bélgede 57 sektor,
4 farkl tiretim faktorii ve bir tane hanehalki bulunmaktadir. Tiirkiye GTAP veri
tabaninda tek basina bir iilke olarak yer almaktadir. Calismamiz igin, veriler 16
bolge ve 15 sektor igerecek sekilde toplulsatirilmistir. Calismamizda ayrica tarimsal
iretimin ayrigtirtlmasi ve agro-ekolojik bolgelerde hasat alanlarini da iceren GTAP

Toprak kullanimi veri taban1 da kullanilmistir.

Iklim degisikliginin fiziksel etkilerinin sayisal degerleri genellikle farkli iklim

senaryolar1 ihtiva eden genel dolasim modelleri ile tahmin edilmektedir. Dlnya
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genelinde iklimin gelecekte nasil bir durumda olacagini tahmin eden pek ¢ok genel
dolasim modelleri bulunmaktadir. (Randall ve ark., 2007). Ancak degisik genel
dolasim modellerinin yaptiklar1 Ongoriiler arasinda kayda deger farkliliklar
bulunmaktadir (Fischer ve ark., 2005; Schonwiese ve ark., 1987; Stern, 2006). Bu
farkl1 Ongoriiler, farkli olas1 gelecek tasarimlari olarak diisiiniilebilir. Eger
gerceklesen gelecegin bir olasilik dagilimindan c¢ekilen bir goézlem oldugu
disiiniiliirse, farkli genel dolasim modellerinin sonuglar1 da ayni olasilik
dagilimindan elde edilen oOrneklemin elemanlar1 gibi degerlendirilebilir. Bu
durumda s6z konusu olasilik dagilimi sicaklik ve yagis gibi temel iklim
degiskenlerinin ortalama degerleri ve standart sapmalari ile tanimlaniyor olacaktir.
Verim tahminleri bu iklim degisikenlerinin bir fonksiyonu oldugu i¢in, onlar da bir
olasilik dagilimina sahip stokastik degiskenler gibi diisiiniilebilirler. Sonug olarak,
miimkiin oldugu kadar fazla farkli genel dolasim modelinin sonucunun kullanilmasi
dikkate alinan olas1 gelecek tasarimlarinin tahmininin daha yiiksek bir hassasiyetle

yapilmasina olanak saglayacaktir.

Bu mantik cergevesinde, iklim degisikligi kaynakli verim degisimleri iki farkli
kaynaktan derlenmistir: IFPRI Gida Giivenligi CASE haritalar1 veritaban1 (IFPRI,
2012) ve Kiiresel Cevrenin Incelenmesi icin Biitiinlesik Model (IMAGE) Projesi
veritabani (IMAGE Team, 2009). Her iki kaynak da degisik GDM’lerin farkl iklim
senaryolart i¢in elde ettikleri sonucglar1 kullanarak verim degisimi hesaplamasi
yapmaktadirlar. IFPRI veritabani1 diinya genelinde iki yiiz civarinda bolgede alti
iriin i¢in 2050 yilma kadar 5 yillik araliklarla ve ¢ok genis bir senaryo
spektrumunda olast verim degisikliklerini vermektedir. S0z konusu verim
degisimleri biyofizik model kullanilarak hesaplanmaktadir. Biyofizik modeline
sokulan iklim degisikligi soklar1 iki farkli genel dolasim modeli (CSIRO ve
MIROC) kullanilarak SRES A1B ve B1 senaryolarinin normal, kétiimser ve iyimser
versiyonlariin benzetimlerinden elde edilmistir. Veri tabaninda ayrica miikemmel
onleme senaryosunun sonuglar1 da bulunmaktadir. Dolayisiyla IFPRI veri tabani 15
farkli olas1 gelecek tasarimi igin verim degisimlerini icermektedir. Modeller ve

veritabaniyla ilgili detayli agiklamalar Nelson ve ark. (2010)’da bulunabilir.
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IMAGE veritabani, diinya genelinde SRES A1B, B1, A2ve B2 senaryolar altinda
2100 yilina kadar bes yillik araliklarla 14 {irin ve/veya Urun kategorisi i¢in verim
degisimi tahmini vermektedir. Veri tabaninda 17 {ilke/bdlge bulunmaktadir.
Veritabaninda sunulan verim degisimleri IMAGE c¢er¢evesinde bulunan karasal
modeller tarafindan tahmin edilmektedir. Bu modeller LEITAP modeli ile
baglantilidir ve CO2 yotiunluklari, bulutluluk, sicaklik ve yagis gibi degiskenleri
girdi olarak kullanmaktadirlar. Veritabaninda 10 farkli SRES senaryosu
varyasyonunun benzetim sonuglari bulunmaktadir. Kullanilan modeller ve veri
tabanini ile ilgili detayli agiklamalar Hoogwijk ve ark. (2005) ve Bouwman ve ark.
(2006)’da bulunabilir.

Dis ticaret politikasinin iklim degisikligi altindaki etkilerini incelemek icin 4
senaryo benzetimi yapilmistir. ilk olarak, her iklim projeksiyonu igin bir referans
senaryo (BASE) benzetimi yapilmistir. Bu referans senaryolarda sadece iklim
degisikligi soklart modele sokulmustur. Daha sonra her bir referans senaryoya ii¢
farkli dig ticaret senaryosu sokularak benzetimler yapilmistir: AB ve Tirkiye
arasinda iki yonli dis ticaret serbestlesmesi, diinya genelinde tarim mallarinda dis

ticaret serbestlesmesi ve diinya genelinde batiin Grlinlerde dis ticaret serbestlesmesi.
Bulgular

Sonuglar iklim degisikliginin kiiresel ekonomi {izerindeki etkilerinin genis bir
olasiliklar kiimesini kapsadigim gostermektedir. Iklim degisikliginin ekonomi
tizerindeki etkisi fiziksel etkilerin biiylikligli ve karakteristiklerine bagl olarak
olumlu veya olumsuz olabilmektetir. Genel olarak olumsuz etkilerin gozlenmesi
ihtimali daha yiiksektir. Nihai etki, farkli bolgeler ve bu bolgelerdeki sektorler
arasindaki karmasik etkilesimler neticesinde belirlenmektedir. Bu durum degisik
onleyici politkalar i¢in yapilan fayda zarar analizlerinde iklim riskleri arttikca

dikkate alinmas1 gereken belirsizligi arttirmaktadir.

Iklim degisikliginin etkileri bolgeler arasinda ciddi degisiklskler gostermektedir.
Iklim degisikligi iktisadi refahi sadece Sahra-alt1 Afrika ve Giiney Asya’da olumlu

etkilemektedir. Avrupa, Orta dugu ve Kuzey Afrika ise iktisadi refah agisindan
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iklim degisikliginden en olumsuz etkilenen bolgelerdir. Diger taraftan, Dogu Asya
ve Avrupa’da iktisadi refahin iklim degisikligi senaryolari lizerindeki varyasyonu
oldukga yiiksektir. Dolayisiyla iklim degisikliginin bu boélgelerde ciddi refah

kaybina neden olacagi sdylenebilir.

Iklim degisikliginin refah iizerindeki etkilerinde gdzlemlenen yiiksek varyasyon,
temel makroekonomik degiskenlere tam olarak yansimamaktadir. Pek cok bolge
igin GSYIH sifir etrafinda yogunlasan smirli bir dagilima sahiptir. Diger taraftan
Tiirkiye, Fas, Orta Dogu ve Kuzey Afrika gibi iklim degisikligine kars1 goreceli
olarak daha kirilgan olan bélgelerde GSYIH dahagenis yayilimli bir dagilima sahip

olup, bu bolgelerde iktisadi etkilesimlerin iklim riskini arttirdigin1 géstermektedir.

Benzetimlerden elde edilen en onemli sonug¢ dis ticaret serbestlesmesinin iklim
degisikliginin sebep oldugu refah kayiplarmi diinyanin pekcok bolgesi i¢in telafi
edebilecegidir. Tiim iirlinlerde kiiresel dis ticaret serbestlesmesinin refah arttirict
etkileri, diinyanin pek ¢ok bolgesi i¢in iklim degisikliginin refah seviyesi lizerindeki
olumsuz etkilerinden daha fazladir. Ne var ki AB-Tiirkiye dis ticaret serbestlesmesi
gibi bolgesel ticari serbestlesmelerin taraflara sagladigi refah kazanci iklim

degisikliginin sebep oldugu refah kaybina kiyasla oldukca kiigtiktiir.

Tirkiye, biitiin iirlinlerde kiiresel ¢apta yapilan bir dis ticaret serbestlesmesi ile
iklim degisikliginin olumsuz etkilerini telafi edebilmektedir. Ayrica boyle bir
senaryoda Tiirkiye’nin GSYIH’sinda artislar gézlenmektedir. Bunun anlamu kiiresel
dis ticaret serbestlesmesinden sonra Tiirkiye’nin ihracatinin ithalatindan daha fazla
arttigidir.  Gergekten de GSYIH’nin bilesenleri incelendiginde GSYIH’daki
degisimin ana belirleyicilerinin ithalat ve ihracat oldugu goriilmektedir. Ticari
serbestlesmenin Tiirkiye ekonomisi {iizerindeki temel etkisi ara mali ithalati
tizerinden olmaktadir. Sektorler arasinda etkiler farkililik gosterse de, Tirkiye’de
ithalat talebinin artmasinin baslica sebebi ihracati artan sektorlerin ithal ara mali
taleplerindeki artistir. Tarim mallar ithalatindaki artis gida, sanayi, hayvancilik ve
bitkisel yag sektorlerinde artan ihracat talebini karsilamak igin meydana gelen

tiretim artigindan kaynaklanmaktadir.
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Ticari serbestlesmenin gida giivenligi iizerindeki etkileri, sektorel degisimlerde
gozlemlenen varyasyon diisikk olmasina ragmen, iklim kosullarina duyarlilik
gostermektedir.  Iklim  degisikliginin  etkileri  kotiilestikge dis  ticaret
serbestlesmesinin gida giivencesini arttirma etkisi de artmaktadir. Bunun temel
sebebi dis ticaret serbestlesmesinin iklim kosullar1 koétiilestikce tiretimi diisen yerli

mallarin ithal mallarla ikame edilmesini kolaylagtirmasidir.
Bolum 5: Sonug

Iklim degisikligi oniimiizdeki yiizyilda insanhigin giindemindeki en onemli
konulardan birisi olarak kalacaktir. Uyum politikalarinin bir an Once hayata
gecirilmesi kaginilmaz bir gerekliliktir. Ne varki, bu politikalarin ¢esitli maliyetleri
bulunmaktadir ve degisik kusaklar, bolgeler, iilkeler ve sosyal gruplar arasinda
onemli Odiinlesimler igermektedirler. Bu tez potansiyel fayda ve maliyetlere bir
nebze de olsa 151k tutmak yolunda bir adimdir. Bunun yaninda, ekonominin tarim
sektoru uzerinden iklim degisikligi ile etkilesiminin genel bir resmini ¢izmektedir.
Calismamizda, oOniimiizdeki yiizy1l boyunca Tiirkiye’deki bdolgesel ve ulusal
ekonomik karar vericiler arasindaki etkilesimlerin yani sira Tiirkiye’nin iklim
degisikligi senaryolar1 altinda karsilasacagr kiiresel dinamikler incelenmistir. Bu
ama¢ dogrultusunda bolgesel, ulusal ve kiiresel hesaplanabilir genel denge
modelleri ile bitki su gereksinimi modelini birlestiren biitlinlesik bir yaklasim takip

edilmistir.

Sonuglar iklim degisikliginin 2035 yilindan itibaren etkili olmaya baslayacagini,
2060 yilindan sonra etkilerin agirlasacagin1 gostermektedir. Hem bolgesel hem de
kiiresel etkiler konuma ve tarimsal iretimin yapisina gore degisikliklik
gostermektedir. Uluslararas: ticaret ekonominin iklim degisikligi soklarma verdigi
tepkide anahtar rol oynamaktadir. Ulusal diizeyde ticaret serbeslestirmesinin etkileri
de incelenmistir. Avrupa Birligi ile yapilacak olan bir ticaret serbestlesmesi refahi
arttirmakta ancak bu artis iklim degisikliginin sebep oldugu zarar1 karsilamak
konusunda diisiik kalmaktadir. Ancak refah artig1 iklim degisikliginin etkileri
agirlastikca artmaktadir.
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Benzetim sonuglar1 kiiresel diizeyde iklim degisikliginin etkilelerinin olasi
etkilerinin genis bir yelpazeye yayildigini gostermektedir. Sonuglar diinyanin farkl
bolgeleri ve bir bolgedeki farkli sektorler i¢in degisiklikler gostermektedir. Diger
taraftan, ticaret serbestlesmesinin etkileri genellikle varsayilan iklim degisikligi
senaryosundan bagimsizdir. Sonuglar, iklim degisikliginin olumsuz etkilerinin
kiiresel c¢aptaki yapilacak bir ticaret serbestlesmesi ile hafifletilebilecegini

gOstermektedir.

Tezde elde edilen bulgular Tiirkiye’nin iklim politikasinda izlenmesi gereken
yollarla ilgili de ©Onemli ipuglar1 sunmaktadir. Sulama projelerinin iklim
degisikliginin olas1 bolgesel sonuglar1 dikkate alinarak oncelendirilmesi, kurakliga
dayanikli tohumlar gelistirmek icin AR-GE yatirnm ve faaliyetlerinin tesvik
edilmesi, sulama suyu kullaniminin akilci bir sekilde diizenlenmesi, degisik
bolgeler arasindaki ekonomik baglarin gelistirilmesi ekonominin iklim degisikligi
karsisindaki  direncini  arttirmaya yonelik politika alternatifleri  olarak
degerlendirilebilir. Analizlerimiz ayrica olasi politika seceneklerinin maliyet ve
faydalar1 acisindan dikkatli bir sekilde incelenmesi gerektigini de ortaya
koymaktadir. Ornegin dis ticaret serbestlesmesi ancak kiiresel diizeyde
gerceklestirildigi takdirde bir uyum araci olarak etkili olabilmektedir. Diger taraftan
bolgesel dis ticaret anlagsmalari tiiketim ve ara mali arzinda ikame olanaklarini

arttirarak uyum cabalarini destekleyebilir.

Bu tezde gelistirilen modelleme araclari, farkli uyum politikalarinin analizi i¢in de
kullanilabilir. Ornegin, sulama politikalari ile ilgili daha detayl veriler modele dahil
edilerek degisik sulama suyu yonetim stratejilerinin uyum araci olarak ne kadar
etkili olacaklar1 test edilebilir. Ayn1 sekilde, degisik tarim destek politikalar ile
ilgili benzetimler yapilarak alternatif destek politikalarinin iklim degisikligine uyum
konusunda ne kadar etkili olduklar1 arastirilabilir. Bir baska politika analizi de
aragtirma gelistirme politikalarinin modellere dahil edilerek teknolojik gelismenin

adaptasyon i¢in yeni firsatlar yaratip yaratmadigini incelemektir.
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Tezde sunulan analizler pek ¢ok metodolojik gelistirmenin de Oniinii agmaktadir.
Omegin, ikinci ve iiglincii boliimlerde sunulan modeller birlestirilerek bolgesel
analizler dinamik bir cergevede yapilabilir. Bir bagka olas1 gelistirme farkli
hanehalklar1 tipleri eklenmesi olabilir. Bu sekilde iklim degisikliginin ve degisik
politika segeneklerinin gelir dagilimi iizerindeki etkileri incelenebilir. Ayrica, son
boliimde kullanilan model sera gazi salinimlarint icerecek sekilde gelistirilerek, dis
ticaret serbestlesmesi politikalarinin sera gazi salinimlarmi azaltma c¢abasindaki

Onleyici polikalari nasil etkiledigi incelenebilir.
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