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ABSTRACT

ECONOMY-WIDE ANALYSIS OF WATER RESOURCE MANAGEMENT:
A CGE MODEL FOR TURKEY

Yasemin Asu (Usanmaz) Cirpict
Ph.D., Department Economics
Supervisor: Prof. Dr. Erol Cakmak
Co-Supervisor: Assist. Prof. Dr. Ebru Voyvoda

March 2008, 139 pages

Water-related issues are gaining importance at both national and global level.
Water resources are becoming insufficient in meeting the rising needs. As resources
are distributed unevenly throughout the world, supply and demand correspondence is
difficult to meet. The analysis of water related issues should be addressed within a
comprehensive framework. CGE models offer this possibility. This study aims to
construct a CGE model for Turkey which includes water as a factor of production. It
relates water issues with another troublesome debate that is important for Turkey:
trade liberalization in agriculture. Turkey as a member of WTO and a candidate
country for the EU has to consider the effects of a further liberalization in agriculture
on its economy. In this study a trade liberalization scenario and a water-policy
scenario have been discussed. Additional simulations are conducted in the case of a
productivity increase in agriculture. Results show that, trade liberalization in
agriculture leads to an increase in GDP and income levels, but had a negative impact
on the trade balance in agricultural products. Applying a ‘“selective water tax” will
result in a decrease in production and consumption in water-intensive sectors, as well
as in the private income. For the first simulation, productivity increase in agriculture
leads to a further increase in both GDP level and incomes, and it compensates the
trade distortions resulting from the tariff reduction. In water simulation, private
income increases with productivity increase and depletion in production and
consumption of agricultural products reversed. Moreover, the net exports in
agriculture improve significantly.

Keywords: CGE, water resource management, Turkey.
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SU KAYNAKLARI YONETIMININ EKONOMIK ANALIZi: TURKIYE ICIN
BiR HESAPLANABILIR GENEL DENGE MODELLEMESI

Yasemin Asu (Usanmaz) Cirpict
Doktora, Tktisat Boliimii
Tez Yoneticisi: Prof. Dr. Erol Cakmak
Ortak Tez Yoneticisi: Yrd. Dog. Dr. Ebru Voyvoda

Mart 2008, 139 sayfa

Su konusu ulusal ve uluslararasi diizeyde onem kazanmistir. Mevcut su
kaynaklar1 artan ihtiyact karsilayamaz hale gelmektedir. Diinya iizerindeki su
kaynaklar1 dengesiz bir sekilde dagilmis oldugundan arz ve talep dengesini bulmak
zorlasmistir. Su konusunun kapsamli ve c¢ok yonlii bir sekilde ele alinmasi
gerekmektedir. HGD modelleri bu imkan1 sunmaktadirlar. Bu ¢alismada Tiirkiye i¢in
su iceren bir HGD modeli kurulmustur. Model, su konusunu Tiirkiye i¢in sikintili
tartismalara sebep olan bir bagka konuyla, tarimda ticaret serbestisi konusuyla
iliskilendirmektedir. Tiirkiye, DTO iiyesi olmasi ve ayn1 zamanda AB’ye iiyelik igin
aday olmasi sebebiyle, tarim sektoriinde yapilacak bir liberalizasyon durumunda
ekonomisinin nasil etkilenecegini gozetmek durumundadir. Bu ¢alismada, bir ticaret
serbestlestirilmesi ve bir de su politikas1 senaryosu incelenmistir. Daha sonra bu
senaryolar tarimda bir verimlilik artis1 olmasi durumunda tekrar degerlendirilmistir.
Sonuclar gostermistir ki tarimda ticaret serbestisi GSYIH ve gelir diizeylerini
arttirmakta ancak tarim {iriinleri ticaret dengesi iizerinde negatif etki yaratmaktadir.
“selektif bir su vergisi” konulmasi, su kullanimi fazla olan sektorlerdeki iiretim ve
tilketim ile 6zel kesimin gelirlerin diismesine neden olmaktadir. Tarimda verimlik
artisi, ilk betimleme icin GSYIH ve gelir seviyelerinde daha fazla artis getirmekte,
aynt zamanda tarife indiriminden kaynaklanan dis ticaretteki bozulmalar telafi
etmektedir. Su betimlemesinde, verimlilik artis1 ile 6zel gelirler artmis, tarim tiriinleri
tiretim ve tiiketimdeki diisiis tersine donmiistiir. Bunun yaninda tarim iiriinleri net
ihracati dnemli Olciide artmistir.

Anahtar Kelimeler: HGD, su kaynaklar1 yonetimi, Tiirkiye.
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CHAPTER 1

INTRODUCTION

Computable general equilibrium (CGE) models are effective in making
economy-wide policy analysis. CGE models cover the interrelationship between
production activities, factors of production, households, government and rest of the
world. Therefore, it is possible to analyze both the direct and indirect effects of a
policy change or an economic shock throughout the economy. These features make
CGE modeling a suitable method for analyzing water-related issues.

Water is an indispensable part of our lives. Water resources that are being
used for various purposes, such as drinking, domestic use, agriculture, industry and
recreation, are becoming inadequate in meeting rising needs. Use of scarce resources
in a proper way becomes increasingly important. In this respect, developing a
comprehensive water management strategy and at the same time, considering the
effects of policy changes on these scarce resources becomes essential.

The aim of this study is to construct a water extended CGE model for Turkey.
The model consists of nine sectors from which four are agricultural (growing cereals
and other crops, growing vegetables, horticultural specialties and nursery products,
growing fruit, nuts, beverage and spice crops and other agriculture sectors). Five
non-agricultural sectors consist of food, beverage and tobacco, textile, chemical
products, metals and other non-agriculture sectors. The choice of the sectoral
decomposition is determined in terms of availability of data.

There are four factors of production: labor, capital, land and water. They are
mobile across sectors. Total supply of factors is fixed exogenously. Full utilization of
labor, capital and land are assumed. While, it is supposed that a certain amount of
water is not consumed. A nested production structure is applied with a Leontief

Production function to combine water and land inputs, while a Cobb-Douglas



production function is implemented to combine the water-land composite with
capital and labor.

Armington specification on the trade structure is applied. Accordingly,
domestic and traded goods are taken to be imperfect substitutes.

Protective trade policies in major crops together with government subsidies
curtails the productivity growth and with the tax burden associated with them, harm
the taxpayers and consumers, so the economy as a whole (Cakmak, 2004). In fact,
there is an ongoing debate on an international scale for liberalizing agricultural trade.
Although WTO countries seem to agree on the need for liberalization in agriculture,
no agreement has been achieved so far on further liberalization of trade in
agricultural products. Turkey implemented the necessary decreases in its agricultural
tariff rates committed in Agreement on Agriculture of WTO. However, this did not
lead to a real overall average tariff reduction. In this study, a trade simulation
examines a situation in which Turkey decreases its agricultural tariff rates leading to
areal decrease in its overall average applied tariffs.

Besides the trade simulations, a water policy scenario is also examined. Water
is mostly priced below its marginal cost. Especially, low charges for irrigation water
cause huge amounts of water to be wasted. In this study, the possible affects of an
implementation of a selective water tax is analyzed.

Same simulations are repeated under the assumption of productivity increase
in agriculture. This is important for Turkey in order for it to increase its comparative
advantage in the international arena. This is mostly indicated in the studies
concerning the EU-Turkey trade relations. Turkey has nearly half of both its imports
and exports with the EU. Several studies indicate that Turkey can not benefit from
Customs Union (CU) enlargement or from an accession with the EU unless it does
not apply the necessary structural change policies. This is true even for the sectors
that Turkey has a competitive advantage in, namely fruit and vegetable sectors. In
fact, Abay (2005) states that without enhancing the quality and standards, Turkey can
not benefit from this advantage. He also indicates that for the products which Turkey
is short in supply (such as cereals and oil seeds) it is important to increase the

productivity. Also, Cakmak and Kasnakoglu (2002) showed that even a small



increase in the productivity in the livestock sector can eliminate the negative impact
of a possible accession on livestock production.

In order to display the necessity and the importance of the construction of a
model involving water, it is important to discuss the present situation of water
resources and the threats they are faced with, and also the misuse of them. Therefore,
in the following chapter, the water resources in the world and in Turkey are
examined. It is necessary to adopt an effective water management policy in order to
protect and use properly the present water resources. Thus, in Chapter 2, also
information on water resource management is presented.

An example of a huge water resource development project has been started in
the south-eastern part of Turkey. The Southeastern Anatolia Project (GAP) aimed not
only in the construction of new dams, hydroelectric power plants and irrigation
systems, but also to affect the whole economic and social life of the region. For this
reason, it will be treated separately in Chapter 2.

Different modeling choices for water-related issues are discussed in Chapter
3. A brief history of CGE modeling, its advantages and disadvantages are also
discussed here. Finally, in Chapter 3 a literature on water-extended CGE models is
discussed. Chapter 4 presents the general features of the CGE models and the
structure of the CGE model used in this study. The results obtained from the
simulations are discussed in Chapter 5. Finally, in the last chapter concluding

remarks are given.



CHAPTER 2

WATER RESOURCES AND WATER MANAGEMENT

2.1 The Hydrological Cycle

The water on earth is distributed in various places such as atmosphere,
biosphere, lithosphere and hydrosphere, and in various forms such as vapor, liquid
and solid. Water from one natural form is converted to another through the process
which is called the hydrological cycle (Figure 2.1). The ground and ocean water
evaporates into the atmosphere. After water vapors in the atmosphere reaches to a
certain concentration and a proper temperature, it precipitates as rain, snow, hail,
sleet back to the earth by atmospheric conditions.

The water which precipitates on earth may go to oceans, seas, underground
water reservoirs or mix with the surface water. The surface water eventually reaches
to the sea after being used by humans, animals or plants or in some cases without
being used at all. The underground water either surfaces out by itself or is drawn out
by humans. Thus, this is a natural cycle that provides fresh water for the earth on a
continual basis. This cycle is a dynamic process. For many centuries, the fresh water
provided by the hydrological cycle was quite sufficient for the living organisms on
earth. Unfortunately, the increase in population and the use of water by industries
make the demands for the fresh water (mostly from rain, ground water, and surface
water) great and it is increasing at an accelerated rate. Also, the construction of dams
or changing the course of rivers aids the modifications in the distribution of water on

earth.
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Figure 2.1: The Hydrological Cycle

2.2 World Water

Modern estimates show that Earth’s hydrosphere contains a huge amount of
water (about 1386 million cubic kilometers). Unfortunately, 97.5% of this is saline
water and only 2.5% is fresh water. About 68.7% of this fresh water is in the form of
ice and permanent snow covers in the Antarctic, the Arctic, and mountainous
regions. Only 0.3% is economically usable resources (Figure 2.2).

The renewable water resources include yearly replenished water in the
process of water turnover on the earth. It is mainly the river runoff estimated in the
volume referred to a unit of time (m3/s, km3/year, etc.). In the process of turnover,
the river runoff is not only recharged quantitatively, but also its quality is restored. If

human contamination of the rivers can be stopped, water can return to its natural



purity. So the river runoff is actually representing the renewable water resources, and
is the most important component in the hydrological cycle. It provides the major

volume of water consumption in the world (SHI/UNESCO, 1999).
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Figure 2.2: Total Global Water

According to SHI/UNESCO (1999) the regional distribution of river runoff
and water use is extremely uneven. While in some regions water resource use is
large, in others water is used less when compared to the available resources. Modern
water withdrawal is 24-30% of water resources in Southern and Central Europe. It is
between 1.5% and 3.0% in the north. This value is 1% for North America, but 28%
for US territory. In Africa, the northern part is using 95% of the available water
resources, while in other regions (especially in Central Africa) water withdrawal is
negligibly small when compared with the amount of water resources. In southern,
western, and central Asia and Kazakhstan, the use of water resources is about 42-

84%. But, in Siberia and the Far East, this use is not above 1%. In all regions of



South America, the use of water is only between 2-4% of the available quantities. It
is estimated that by 2025, the unevenness in the distribution of water resources and
water use will increase.

Analyses show that water resources are fully depleted in many countries.
Besides using all local water resources, some of the countries also use a great part of
the fresh water inflow coming from neighboring territories. About 75% of the Earth’s
population lives in the countries and regions where 20% of water resources being
used (SHI/UNESCO, 1999).

Various indices are used to measure water stress. One is the ratio of water
withdrawals for human use to renewable resources, which is called the ‘criticality
ratio’. It has been estimated globally and projected to 2025 (Alcamo et al., 1999).
This measure shows that by 2025, four billion people, more than half of the world’s
population, will be living in countries facing high water stress (corresponding to
criticality ratio that is greater than 40 percent) (Rosegrant et al., 2002).

Over the period 1995-2025, total global water withdrawals are expected to
increase by 23 percent (Rosegrant et al., 2002). For developing countries, this
increase may go up to 28 percent. Water use is expected to increase by 75 percent in
the domestic sector, 72 percent in livestock and 42 percent in industry. Irrigators’
water consumption is assumed to increase at a lower rate of 4 percent over the
period, but due to the dominance of the irrigation sector in total water use, the
absolute increase is similar to that of the other sectors (Rosegrant et al., 2002).

Water resources are rapidly depleting. Currently available resources are
becoming insufficient in meeting this growing demand. Unfortunately, these scarce
resources are under threat. Half of the world’s wetlands have been lost due to the
diversion of water and the conversion into agricultural and other land uses (Bos and
Bergkamp, 2001). Moreover, world’s rivers, lakes and groundwater aquifers are
being severely contaminated by human, industrial and agricultural wastes. Humans
have been harmed by waterborne illness and by consumption of food from
contaminated ecosystems (UN, 1997). Water-related diseases are becoming a serious
problem, especially in developing countries (WHO, 2000). According to the UN,

annually 3.3 billion illnesses and 5.3 million deaths are caused by unsafe water on a



global scale (UN, 1997). Worldwide, one billion people are living without clean
drinking water and 1.7 billion have inadequate sanitation facilities.

As the water resources which can be used easily become insufficient to meet
the increasing needs, new methods, such as desalinization, groundwater withdrawals,
treating used water etc., have been introduced to increase the supply. In many cities,
water has to be brought in from far away areas due to the shortage of groundwater. In
India and Indonesia, since the late 1960s and the early 1970s, the real costs of water
in new irrigation schemes have more than doubled. While in the Philippines, costs
have increased by more than 50 percent, they have tripled in Sri Lanka, and have
increased by 40 percent in Thailand (Rosegrant et.al., 2002).

Rosegrant et.al (2002) indicate that irrigation construction costs in Africa are
higher than in Asia, due to physical and technical constraints. While the average
investment cost for medium and large-scale irrigation estimated to be US$8,300/ha
in 1992 dollars (FAO, 1992), in Sub-Saharan Africa this increases to US$18,300 if
the infrastructure costs as roads, houses, electric grids, and public service facilities
are also included (Jones, 1995).

Constructing large dams may be essential, but it requires huge financial
resources which are scarce especially in the developing countries. Furthermore, the
development of new dams may impose high environmental and social costs, such as
dislocation of people displaced from dam and reservoir sites. “Assessment of large-
scale dams should include a comprehensive accounting of costs and benefits, and if
projects proceed they must employ equitable, realistic and practical methods for

compensating those who are negatively affected” (Rosegrant et.al, 2002; p. 165).

2.3 Turkey’s Water Supply

The total area of Turkey is 779.452 km” of which 280.5 km? is agricultural
area. Irrigable area is 258.5 km®. Three sides of Turkey are surrounded by seas.
Mountain chains are parallel to the north and south coasts while on the west coast,
the mountain chains are perpendicular to the sea allowing the temperate climate to go

further inland. There are sudden height changes. All these, together with the distance



from the sea, cause the climate to vary within short distances. Precipitation also
varies accordingly.

The climate is mostly continental, with hot, dry summers and long, cold
winters. On the Black Sea coast, the summer temperatures are cooler and the winters
are warmer. Other coastal areas have a Mediterranean type climate with hot, dry
summers, mild, wet winters and a rainfall of up to 800 mm. In some specific micro
climates there are some exceptions to these rules.

Water resources are mostly located in Eastern Turkey, while the demand is
highest in the West. Turkey can be divided into 26 basins (Figure 2.3). Water
resources are unevenly distributed among them. The 21 of 26 basins contain about
51% of the water. The remaining part is drawn together in 5 basins: Antalya, Eastern
Mediterranean, Eastern Black Sea, Firat (Euphrates) and Dicle (Tigris) (Unver,
2003).

Source: DSI (2005).

Figure 2.3: River basins in Turkey

Annual precipitation is between 220 mm and 3000 mm. According to long term
measurements, the average annual precipitation is 643 mm. This corresponds to

501x10° m® annual precipitation volume. The average annual evaporation loss is

3 3

approximately 274x10° m’. It is estimated that 41x10° m® water feeds the



underground water and 186x10° m’ flows into the seas by rivers. 7x10° m® water is
coming from rivers that have their sources in neighboring countries. Total disposable
water potential becomes 234x10° m’. It has been shown that 110x10° m® of this
potential can be used economically (SPO, 2001).

Precipitation differs largely between basins and even within short distances.
The highest annual precipitation is in the East Black Sea region with 1198 mm and
the lowest one is in Konya closed basin with 417 mm (Burak et. al., 1997).

Unver (2003) gives two interesting examples concerning the varying
precipitation rates. When Bodrum (north of Gokova Gulf) is compared with
Marmaris (south of the gulf), the precipitation rates differ between 300-400 mm. The
air distance between a district of Sinop, Bozkurt, and centre of Sinop is about 50-60
kilometers, but precipitation difference is high. Generally in Sinop, the average
precipitation on the sea shore is about 679-1077 mm, but midland it is about 388-473
mm.

Water flows differ as well. Runoffs in the Antalya basin are about 75 percent
of the rainfall flows. On the other hand, just north of it, in the Burdur Géller Basin
this rate falls to 10 percent. In the Black Sea region, runoffs amount to 60-65 percent,

but can not be used due to the mountainous structure of the region (Unver, 2003).

Table 2.1: Per Capita Disposable Water (m>)

IRAQ 2020
LEBENON 1300
TURKEY 1735
SYRIA 1200
ASTIAN AVERAGE 3000
WEST EUROPIAN AVERAGE 5000
AFRICAN AVERAGE 7000
SOUTH AMERICAN AVERAGE | 23000
WORLD AVERAGE 7600

Source: SPO (2001).
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Per capita disposable water is 1735 m® while the potential is approximately
3690 m’. Values in Table 2.1 show that compared to other countries, Turkey is one
of the countries which faces water shortages (SPO, 2001).

Falkenmark (1997) calculated the minimum annual per capita water
requirement as 1000 m3/capita/year. Considering basic needs, water availability as
1000-2000 m® per capita means there exists water stress. Annually, over 2000 m’
water availability corresponds to very little or no water stress.

In Figure 2.4, Turkey’s annual water reserves, annual per capita water needs
together with the Turkish Statistical Institute’s (TURKSTAT) population prediction
for Turkey are depicted. It has been predicted that when Turkey’s population reaches
100 million (it is predicted to reach this value in 2050) it will be one of the countries

which faces water shortages.

300
2000 maiperson
260+ Fopulatian
arojection for |
20400 ——
5 om | Population 1500 m3persan
= in 2000 |
£ £ /
=
150 +
§ 1000 m3/person
% /
G
I s . e e e P R -_-'_\Annual
g | Water
0 Reserve in
Turkey

50 B0 70 g0 80 100 110 120
Population {Millions)

Source: Koksal et. al. (2003).
Figure 2.4: Water Need and Scarcity in Turkey
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2.3.1 Water Resources
Rivers in Turkey mostly have irregular flow regimes. The average inclination

of the basins is high and they are not suitable for water use without necessary

arrangements (Burak et. al., 1997).

Table 2.2: Basins' Annual Average Water Potentials

. Anmual Potential - SUEEE
Basin's Name Percentage
Flow (%) Return
(km3) (1/s/km2)

Firat Basin 31.61 17.0 8.3
Dicle Basin 21.33 11.5 13.1
East Black Sea Basin 14.90 8.0 19.5
East Mediterranean Basin 11.07 6.0 15.6
Antalya Basin 11.06 5.9 24.2
West Black Sea Basin 9.93 5.3 10.6
West Mediterranean Basin 8.93 4.8 124
Marmara Basin 8.33 4.5 11.0
Seyhan Basin 8.01 43 12.3
Ceyhan Basin 7.18 39 10.7
Kizilirmak Basin 6.48 3.5 2.6
Sakarya Basin 6.40 34 3.6
Coruh Basin 6.30 34 10.1
Yesilirmak Basin 5.80 3.1 5.1
Susurluk Basin 5.43 2.9 7.2
Aras Basin 4.63 2.5 5.3
Konya Closed Basin 4.52 24 2.5
Biiyiikk Menderes Basin 3.03 1.6 3.9
Van Lake Basin 2.39 1.3 5.0
North Aegean Basin 2.09 1.1 7.4
Gediz Basin 1.95 1.1 3.6
Meri¢ - Ergene Basin 1.33 0.7 2.9
Kiiciik Menderes Basin 1.19 0.6 5.3
Asi Basin 1.17 0.6 3.4
Burdur Lakes Basin 0.50 0.3 1.8
Akarcay Basin 0.49 0.3 1.9
TOTAL 186.05 100.0

Source: DSI (2005)
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Water in Turkey is not evenly distributed over time and space. The country is
divided into 26 river basins. The basins’ average annual water potentials are given in
Table 2.2.

The annual surface flow is around 186.05 km®. Economically and technically
usable water is 95.00 km® /year, actual consumption is 33.90 km3/year (DS, 2005).

Annual usable underground water potential is 13.66 km’. Actual consumption
is 6.23 km®. The use of underground water is increasing. It is used for irrigation and
also for drinking in many cities and towns. 20 percent of the irrigation made by DSI
is met by underground water.

Geothermal waters are reserved deep under the ground. They are close to
magma so their temperatures are high. Temperatures range from 30°C (Ankara-Ayas)
to 232°C (Aydin-Germencik) (Burak et. al., 1997). They may contain minerals. Near
the ground, they may mix with underground water and this will affect their quality.

In Turkey, there are more than 600 geothermal sources. The ones which have
a high temperature suitable for energy productions are in the West, while low or
medium temperature ones are in Middle and East Anatolia and on the North Anatolia

fault (Burak et. al., 1997).

2.3.2 Water Use

The irrigation strategy was declared in the 1990-1994 five-year development
plan. The strategy intended to decrease the dependence of agricultural production on
climate by introducing modernized irrigation techniques. To achieve its objectives
with respect to food security and exports, Turkish agriculture needs to grow at 4
percent annually. Irrigation is indispensable because of the uneven temporal
distribution of rainfall. About 8.5 million hectares of land are estimated to be
economically irrigable; 4.5 million hectares are presently being irrigated.

From Table 2.3 it can be seen that the largest share of water consumption is
for irrigation purposes. It is followed by drinking and utility, and this is followed by

industrial use.
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Table 2.3: Water Consumption, 1990-2000 (billions m’)

Use 1990 1995 2000 2003
Drinkingand 5o -, 4 6.2
utility

Irrigation 323 37 41.8 29.6
Industry 5.1 6.2 7.3 4.30
Total 433 506  58.1 40.1

Source: DSI (2007).

The level of energy consumption indicates the level of industrialization and
the prosperity of countries. As can be seen in Table 2.4, per capita electric energy
consumption in Turkey is below world’s average and far below the developed
countries’ average. While average annual consumption in developed countries is

8900 kWh, in Turkey it is 2150 kWh.

Table 2.4: Per Capita Annual Electric Energy Consumption

. Per capita
Countries .
consumption (kWh)
World's average 2500
Developed countries' average 8900
USA 12322
Turkey 2150

Source: Eroglu (2006).

Hydropower is regarded as a major national energy resource, and its
development is supported. Turkey shifted its energy strategy from dependence on
imported oil to indigenous resource development, including hydropower following
the oil crisis of the 1970s. There are several advantages of hydropower energy. It is
able to respond to unexpected demand fluctuations. It is fairly clean, and renewable,
involves no fuel cost, has a long life- span (200 years), its cost recovery is short (5-

10 years), and its operational costs are low, (approximately 0.2 cent/kWh) (DS,
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2007). Though, as mentioned before, its benefits and costs should be considered
carefully in the final decision making.

The production of hydroelectric plants depends on precipitation conditions.
Therefore, the share of them in total electric energy production may vary from year

to year (Table 2.5).

Table 2.5: Hydroelectric Energy Share

2003 | 2004 | 2005

Production of hydroelectric energy (]E&}ign 353 47.6 42
Share of hydroelectric energy %) 75 1 7
(Y

to total energy

Source: Eroglu (2006).

There are three basic concepts concerning hydroelectric potential: “gross

1 2
l” , (13 l”

potentia technical potential”* and “economic potential™ (EIE, 2007). The gross
theoretical hydroelectric potential of Turkey is about 433 billion kWh. This
corresponds to 1 percent of the gross hydroelectric potential of the world and 16
percent of the potential of Europe (DSI, 2007). The technically viable water power
potential is calculated to be about 216 billion kWh for Turkey. Finally, Turkey has

about 127 billion kWh of economically viable hydroelectric potential (Table 2.6).

' Gross potential: Theoretical upper limit of hydroelectric energy production in a country. It is
calculated under the assumption of all natural flows, until the country’s borders or until the sea, to be
used with 100% efficiency.

2 Technical potential: Technological upper limit of hydroelectric production. It shows the energy that
can be produced when all technically possible projects are realized.

% Economic potential: The economically optimum energy production. In other words, it shows the
production of water power projects of which their expected yields exceed their costs.
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Table 2.6: Hydroelectric Potential in the World and Turkey

Gross Theoretical Vir:le:lc:l;l’:)ctillll)tfial Economically Viable
Potential of HEPP of HEPP Potential of HEPP
(GWh/year) (GWh/year) (GWh/year)
WORLD 40150 14060 8905
EUROPE 3150 1225 800
TURKEY 433 216 127381

Source: DSI (2007).

Among theoretically available hydroelectric potential in Turkey, 50 percent is
technically unusable. While 29 percent can be used economically, the remaining 21

percent is non-economical. (Figure 2.5).

Economic

Technically 299
unusable Q A
"N 2

Non-
economic
21%

Source: Eroglu (2006).
Figure 2.5: Hydroelectric Potential

In 2005, 26 percent of the realized energy production capacity was met by
hydroelectric energy and 90 percent of the hydroelectric production capacity was

used (Table 2.7).
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Table 2.7: Installed Capacity and Annual Energy Production (2005)

Installed . . Actual Production .
Capacity Pro.dl.lctlon Capacity Capacity (Billion Capacity
(MW) (Billion kWh/year) KWhyear) Use (%)
Coal 10076 67.7 44 65
Fuel 3110 20.5 8.5 41
Natural gas 13484 102.3 66.5 65
Hydroelectric | 12941 46.5 42 90
Total 39611 237 161 68

Source: Eroglu (2006).

According to the standards of ICOLD (International Committee on Large
Dams), “large dam” is defined to be a dam having more than 15 m height from
foundation and having a reservoir volume of more than 3 hm®. There are 544 “large
dams” constructed by DSI and 11 by other institutions adding up to 555 large dams
(Table 2.8).

Table 2.8: Dams and Hydropower Plants in Turkey, 2005

INOPERATION | UNDER CONSTRUCTION
By DSI | Other Total By DSI | Other Total
DAM (unit) 544 11 555 209 1 210
HEPP (unit) 53 82 135 53 17 70
Small Dams (unit) 47 617* 664 1 43% 44

Note: Small dams built by the General Directorate of Rural Services (GDRS abrogated now)
for irrigation.

Source: DSI (2005).

“Water Usage Rights Regulation” came into effect in 2003. This provided the
private investors the opportunity to build HPPs. By this way, water that can not be

used before could be developed, and water costs for industrial producers could be
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decreased. The total number of applications for the HPP projects from the private
sector reached 646 adding up to a total installed capacity of 10594 MW. This is
greater than the total capacity of six big HPP (Atatiirk, Karakaya, Keban, Altinkaya,
Birecik, and Oymapinar HPP) which is 7442 MW (Eroglu, 2006).

2.3.3 Water Quality

The quality of water depends on the place for the end use of water. The water
used for irrigation needs not be the same quality as that used for drinking. Defining
the cleanliness for water therefore is more difficult than for the conventional
meaning of cleanliness. Clean water from the ocean, for instance, is not the same as
clean water from a freshwater a lake or a river. There are always some dissolved or
suspended materials in natural water since when water runs along or through the
earth's surface, it dissolves many minerals and carries them as impurities. Some of
these impurities may be beneficial for most water use (Usanmaz, 2004).

The total amount of fresh water is limited to those in underground and surface
water, and water in living species. This type of water is quite limited and it is usually

polluted continually by nature and man.

2.3.4 The Southeastern Anatolia Project (GAP)

GAP is an integrated multi-sectoral development project based on the
development of water resources. It includes the southern part of the rivers Dicle
(Tigris) and Firat (Euphrates), and the plains between these rivers. The cities
Gaziantep, Adiyaman, Sanliurfa, Diyarbakir, Mardin, Siirt, Batman, Kilis and Sirnak
define the borders of the project region. It covers a land area of 73.863 km?®
corresponding to 9.5 percent of the total national land area. The project region is the
least developed region of Turkey. The project aims to improve the living standards
and raise the income levels of the people in order to eliminate regional development

disparities and contribute to such national goals as social stability and economic
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growth by enhancing the productivity and the employment opportunities in the rural

sector.

The share of the region in GDP was around 4 % in 1985, and it rose to 5.5 %

in 2001 accompanied by the rate of per capita income rise from 47 % to 55 % (GAP,
2007).

There are 2 free trade zones in the region in Gaziantep and Mardin. As of the
early 2006, there are 10 organized industrial districts (OIDs) and 25 small industrial
sites (SISs) operating in the region. 12 more SISs are in progress with relevant

construction works.

The GAP had originally been planned in the 1970s, consisting of projects for
irrigation and hydraulic energy production on the Euphrates and Tigris, but was
transformed into a multi-sector social and economic development program for the
region in the 1980s. The development program concerns such sectors as irrigation,
hydraulic energy, agriculture, rural and urban infrastructure, forestry, education and
health. Upon completion of the project, through facilities over the rivers Euphrates
and Tigris together total more than 50 billion cubic meters of water a year. That
amount corresponds to 28 percent of the total water potential of Turkey. The water
resources development component of the program envisages the construction of 22
dams and 19 hydraulic power plants and the irrigation of 1.7 million hectares of land
(20 percent of the total irrigable area of 8.5 million hectares). The total cost of the
project is estimated as US $32 billion. The total installed capacity of power plants is
7476 MW and projected annual energy production reaches up to 27 billion kWh.

By the end of 2005, 8 hydraulic power plants were completed in the region
corresponding to 74 % of envisaged energy projects. Following the operation of
Karakaya, Atatiirk, Batman, Kralkizi, Dicle, Birecik and Karkamis power plants,
total electricity production in Turkey at the end of 2005 increased to 253 billion
kWh. The monetary equivalent of this total production is about 15.18 billion US
Dollars (1 kWh = 6 cents). Within the total hydraulic energy output of 39.6 billion
kWh, GAP’s share was 47.2 % (with billion 18.7 kWh) corresponding to 1.1 billion
US $ in monetary terms (Table 2.9).
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Table 2.9: GAP’s Hydropower Energy Revenues, 2006

- 1
Bl:&(l)ln Eq‘li?V:lint
(million $)
Karakaya 8.6 516
Atatiirk 8.9 533
Kralkiz1 0.1 7
Karkams 0.4 28
Dicle 0.2 13
Birecik 2.7 160
Batman 0.5 31
GAP 214 2188
TURKEY 44
GAP’s Share | % 48.5

Source: GAP (2007).

The region is the hottest region in Turkey. Evaporation is very high.
Therefore, irrigation is very important. Irrigation started on the Sanlurfa-Harran
Plain in 1995, first covering an area of 30,000 hectares. As of the end of 2001,
215,080 hectares of land has been brought under irrigation by the DSI. In 2006, this
increased to 260,955 hectares. Construction of irrigation schemes is in progress on
114,067 hectares of land. Shares of these values are shown in Figure 2.6.
Considering the potential of 1.7 million hectares to be irrigated, there is still long
way to go. Yet, per capita value added in the agricultural production before irrigation

was US$ 596 while it increased to US$ 859 in 2006 (GAP, 2007).
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Source: GAP (2007).
Figure 2.6: GAP Irrigation Projects (2006)

In the areas with limited irrigation possibility, wheat, barley, lentils, tobacco
and grapes are grown, while in other areas cotton is produced. The production areas
of cotton, vegetables, corn, soybean and rice are expected to increase with the
completion of the projects (Forum, 2007). Before the public irrigation network,
farmers were irrigating 23 percent of the total area with well water. 91 percent of the
irrigated land was used for cotton production and in the remaining 9 percent,
vegetables were planted. In 2004, 83 percent of the irrigated land was used for cotton
production while 3 percent was used for vegetable production. Although the share of
vegetable production declined, the total area of vegetable cultivation was increased
about 6 times to 3500 hectares (GAP, 2006). Studies show that Turkey has a
competitive advantage in vegetable and fruit production in international markets.

This makes the developments in irrigation schemes in GAP more important.

Significant developments have been realized in the industry of the region
following the start of irrigated farming. The number of industrial enterprises in the
region has almost doubled from 1995 to 2001. At the end of 2006, there were 1,834
enterprises in the region each employing more than 10 workers. The total number of

people employed by these enterprises was 80,776 (GAP, 2007).
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Playing such an important role in the Project, irrigation planning must be
done with careful consideration. Especially, it is very important to make farmers
conscious of implementing correct irrigation techniques. In fact, it has been predicted
that, if the necessary precautions are not taken, in Harran, 5 thousand hectares of land

will become unusable due to the salinity of the soil (Zeyrek, 2001).

According to the GAP Enterprise Support Center, the project region has great
potential in three areas: renewable energy, organic textile and tourism. In this
respect, publicity of the region’s tourist attractions, consideration of the energy
potential (hydroelectric, sun, wind, bio-energy and jeothermal energies), and starting

with cotton production, configuration of organic textiles are planned.

2.4 The Concept of Water Resource Management

Increasing population, rapidly developing industrial and agricultural
activities, and increasing pollution point out the importance for the proper
management of water. Water management is the efficient and the systematic use of
water. While planning was made only for economic purposes, nowadays one must
consider various problems, such as protection of environment, recreation and water
pollution. Also, the interaction between water systems are increasing and
management becomes more complicated.

The basic elements of water management may be considered under the

following topics (Burak et. al., 1997):

1) Short-run and long-run water demand

2) River basin management

3) Groundwater and underground water use
4) Interaction between water, land and forests
5) Water quantity and quality management

Berkoff (1994) considers management in two perspectives: supply
management and demand management. Supply management covers activities

required to locate, develop, and manage new sources, while demand management
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means to develop mechanisms to promote more desirable levels and patterns of water
use. Planning requires consideration of both together with environmental concerns.

Since new water sources have become increasingly inaccessible, demand
management should be considered. It covers both direct measures to control water
use as regulation and implementing new technology, and indirect measures that
affect voluntary behavior as market mechanisms, financial incentives and public
education (Berkoff, 1994). Applying new technologies is very important. Especially
new irrigation systems are much more efficient than the old classical systems. Also,
new techniques used in industry enabling water to be recycled several times and
special techniques used for cleaning recycled water must be implemented.

Opportunity cost pricing would provide appropriate incentives for the
efficient use of water. However, in practice, water charges usually fall below its
financial costs. In fact, in some countries, irrigation water is free and in all countries
there is strong resistance to effective water pricing. Private interests can control
particular water supplies in local water markets, but it will be difficult to achieve the
water allocation through market mechanisms over longer distances or between major
sectors (Berkoff, 1994).

For efficient management of water resources, planning at the basin level is
very crucial. Although the problem should be approached from a broader
perspective, a detailed and proper examination of a hydrological system can only be
made at the basin level (Meri¢, 2004). A basin is an area that is bounded by natural
borders which controls the hydrological system. It is a region of land where water
from rain or melting snow drains downhill into a body of water, such as a river, lake,
sea or ocean. It includes both the streams and rivers that convey the water as well as
the land surfaces from which water drains into those channels. Each drainage basin is
separated topographically from adjacent basins by a ridge, hill or mountain, which is
known as a water divide.

The most relevant characteristics of the basin-based management can be
summarized as follows (Merig, 2004):

1) Since the basin is bounded by natural borders, it is easier to
consider it as a whole and enable us to examine the process that affects the

hydrologic system.
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2) Considering the different sectors and the users together,
examining the threats in the long-term and observing the positive and
negative effects of an intervention, the best scale is the basin-based (WWF).

3) Considering scales smaller than basins will limit the success of
the management plans, since the plans will be unable to characterize the
whole system. Moreover, since the processes within the systems are
interrelated to each other, using smaller scales will curtail greatly the
sustainability of the projects. On a basin level it would be easier to observe
the changes in the water quantity and the quality and take necessary
precautions

4) Something that does not cause a problem in one part of the
basin may in time effect another part. Therefore, in order to protect the
resource, the system must be considered as a whole.

5) Basins are also ecologic boundaries for many species.
Therefore, basin-based water management enables us to consider many

interactions of natural resources and species.

2.5. Water Management in Turkey

Water resource management in Turkey differs from those implemented in

countries targeting sustainable development. Basically supply management strategy

dominates. Therefore, the water management strategies needed to be reformed. Of

course, this requires a careful consideration of the issues related to the sector (Burak

et. al, 1997).

The present system and the defects in water management in Turkey can be

attributed to:

1) Misuse of water in the agricultural sector
2) Water subsidies

3) Illegal water use

4) System leakages

5) Pollution

6) Institutional defectiveness
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In Turkey, 8.5 million hectares can be irrigated economically. At the end of
2005, 58 percent of this area was irrigated. About 60 percent of the irrigated area was
developed by DSI. About 75 percent of the water consumption is in the agricultural
sector. Unfortunately, due to the inefficient use of water in irrigation, the greatest
loss of water is also in this sector. Since the present water resources are inefficient in
meeting the increasing food demand, preventing the use of inefficient techniques in
irrigation is very crucial.

Using more efficient methods of irrigation and the quantity of water being
used are very important. There are various irrigation techniques. Recent
technological developments increase water productivity by using much less water.

With classical methods, irrigation water is released either randomly to the
field (surface or rude irrigation) or is dump into the furrows (furrow irrigation). In
either way large amounts of water is used. These are very inefficient methods. The
second method is using closed systems, water is transferred in the pipes that are
either pressurized or not. In non-pressurized pipe lines, the water flows slowly.
Therefore, large-diameter pipes have to be used and this increases the cost (Akinci,
2007).

The most efficient way of irrigation is to use pressurized pipe lines.
Sprinkling systems and drip lines are examples of such systems. In the former,
sprinklers are placed in the field with proper spacing and pressured water is pumped
into the air. Water reaches the roots by infiltration. In trickle (drip) irrigation, small
pipes are laid all the way to the plant and filtered water is dripped into the stubble.
Only certain parts of the field will be wet. As a result, irrigation water will be used in
the most efficient way.

Classical methods are very common in Turkey. 92 percent of irrigation
systems constructed by DSI uses surface irrigation. The remaining 7 percent is
sprinkling systems and only 1 percent is dripping systems (DSI, 2007). In order to
improve efficiency, it is important to make the farmers aware of the efficiency gains
of the modern techniques.

The efficiency measures, irrigation rates and irrigation performances, are very
low in Turkey. Irrigation performance is calculated as the ratio of irrigation water

needed to the water used. In 2001, this ratio was 38.2 percent and 62.4 percent for

25



irrigation by DSI and others respectively. These low values are mostly due to excess
water use in agriculture. The irrigation rate in 2001 was 38 percent in DSI irrigation,
while it was 48 percent in others (Cakmak et. al., 2005).

Low charges for irrigation water cause the farmers to be careless about the
amount of water they use. This leads to a great waste of water in this sector. Farmers
do not look for more efficient ways of irrigation. This causes not only great water
loss, but also threatens the quality of soil. Using too much water causes the salt deep
in the soil to dissolve and rise to the surface. This results in impoverishment of the
soil.

Water pricing in Turkey varies among the sectors. While volumetric charges
are common in domestic and industrial use, there is almost no volumetric system in
irrigation. Water pricing does not cover the full economic costs of water and this
increases the financial burden on the state (Cakmak, 2002). Cost recovery in Turkey,
currently covers a fraction of the actual total costs and no allowance is made for

depreciation of the infrastructure (Unver and Gupta, 2002).

Table 2.10: Length of Different Channel Types (1981-2003)

1981 1993 2000 2003
Length Length Length Length
Channel Type (km) Yo (km) %o (km) %0 (km) %0

Concrete Channels | 16000 | 37.79 | 24020 | 46.62 |28117.9| 46.79 | 28596.6 | 47.44

Small Channels 8500 | 20.08 | 21384 | 41.50 |25974.5| 43.22 | 25500.7 | 42.30

Pipe Systems 600 1.42 1902 3.69 | 2761.3 | 4.60 | 2577.2 | 4.28
Soil Channel 17235 | 40.71 | 4222 8.19 | 3242.7 | 5.40 | 3610.4 | 5.99
Total 42335 | 100 | 51528 100 160096.4| 100 |60284.9 | 100

Source: DSI (2003).

Water transfer and distribution for irrigation are made by the use of soil
channels, classic concrete channels, small channels and pipe systems. As seen in
Table 2.10, between 1981- 2003, the length of the soil channel declined from 40.71

percent to 6 percent while the length of the concrete channel and the small channel
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increased from 37.70 percent to 47.44 percent and from 20.08 percent to 42.30
percent respectively. Pipe system use is very low with a rate of 4.28 percent in 2003
(Cakmak et. al., 2005).

Operation loss is officially stated to be 10 percent, but in practice it reaches
too much higher percentages (Beyribey et. al., 2003). Therefore, pressurized pipe
systems must be encouraged.

Water pollution is a serious problem. In Turkey, because of the population
growth, industrialization, growing cities and pesticide and fertilizers used in
agriculture, rivers, lakes and seas are rapidly being polluted (Yildirim and Cakmak
1999).

Pollutants can be grouped into two: point-wise and pervasive sources. If
pollutants interfuse in a controlled and measurable manner they will be called point-
wise sources, while if they spread widely then they are called pervasive sources
(Orhon et. al., 2002).

Point-wise pollutants come from the discharge of domestic and industrial
wastewater. The sources of pervasive pollutants are more diverse. They come from
the surface water flows, agricultural and forest fields, atmosphere, uncontrolled rain
flows coming from settling areas, solid waste depots, metal fields and wastes filtrated
into the soil from septic tanks and polluted rivers.

In Turkey, uncontrolled agricultural, domestic and industrial discharges cause
many basins to be highly polluted. Porsuk, Simav, Niliifer, Iznik, Eber, Karamuk,
River and Burdur Lake are those most seriously polluted by industrial wastes (Burak
et. al, 1997).

Leakages from solid waste tanks are not a problem in developed countries but
are still an important issue in Turkey. Similarly, domestic wastewaters that are
considered as point-wise pollutants in developed countries are of significance in
Turkey because of the use of septic tanks in rural areas.

Turkey is far behind in the cleaning of domestic and industrial wastewaters.
In the manufacturing sector, only 9 percent of the enterprises have waste treatment
facilities. Among those which do not have this system 16 percent are privately
owned, while 84 percent is public. Among the 3215 municipalities, only 141 have

sewage systems and among them only 43 have waste treatment plants. This means
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that 98.67 percent of the drains are poured into the rivers, lakes and seas without
treatment (COB, 2004). Only 2 percent of the Industrial enterprises have waste
treatment plants and only some of them are functioning properly. Only 22 percent of
industrial wastes are being treated (Cakmak et. al., 2005).

Pollutants are also moved to water basins by wind and rain. During winter 16
cities suffer from air pollution in Turkey. Especially pollution on the highways is
transferred to the water resources. For example, Fatih Sultan Mehmet Bridge in
[stanbul is in the Omerli Water Basin (Orhon et. al., 2002).

Industrial fertilizers and pesticides used in agriculture together with pollutants
coming from forests and residential areas cause nitrogen and phosphate to mix with
water resources. Therefore, it is very important to use pesticides at a minimum and to

fertilize at the correct times and in the correct amounts.

2.6 Water Sector Organizations in Turkey

Water sector public institutions in Turkey can be grouped into two (Burak et.
al., 1997), according to their responsibilities:
1- Practical- Investor
2- Follower- Controller Institutions
Most important technical institutions are:

1- General Directorate of State Hydraulic Works (DSI)

2- General Directorate of the Bank of Provinces (iller Bank)
3- General Directorate of Electric Power Resources Survey
(EIEI)

Follower- Controller Institutions are:
1- Ministry of Environment and Forestry
2- Ministry of Health
3- State Planning Organization (SPO)
The responsibility of water resources management and nationwide water
planning is centralized within the DSI, which was established under the Ministry of
Public Works in 1954. Based on the economic factors and emergency situations

identified by the Council of Ministers, the DSI establishes priorities for the
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development and the implementation of irrigation, power generation, flood control,
and river training. The DSI is the only legal authority responsible for the
exploitation, use and allocation of groundwater.

The General Directorate of the Bank of Provinces, under the Ministry of
Public Works, provides credit to finance and implement urban infrastructure. The
General Directorate of Electric Power Resources Survey, under the Ministry of
Energy and Natural Resources, is responsible for carrying out hydrological studies,
geotechnical investigations, and mapping activities to evaluate national hydroelectric
power and is also involved in the planning and design of hydropower projects (Burak
et.al., 1997).

The Ministry of Environment and Forestry deal with water pollution
problems. The Ministry of Health is responsible for water quality control, performing
the chemical, physical and microbiological analysis, chlorine measurements and
licensing. The State Planning Organization controls and supervises the investment
decisions.

Unfortunately, there is a coordination problem among these organizations.
Without corporation, similar works are done by different institutions or different
plans are designed for the same area. These result in wasting resources (SPO, 2001).
Institutions that are in charge of the drinking water sector, DSI, KHGM (currently
abolished) and The Bank of Provinces, are not coordinated properly.

During the planning process, there are no monitoring or examination systems
and these raises the costs of the investments. There is no easily reachable or reliable
data base. Maintenance and repair of infrastructure are not done regularly or
sufficiently. Therefore, systems can not be used to their full capacities. (Burak et.al.,
1997).

60 — 80% of the investments of The Bank of Provinces to municipalities are
financed through non-recourse funds. Therefore, municipalities prefer to use these
funds instead of considering other alternatives as build-operate-transfer models
(Burak et.al., 1997).

Due to illegal water use, the real water demand can not be computed.

Therefore, consumed water can not be priced.
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In Turkey, there is no comprehensive national policy for sectoral and inter-
sectoral water use. Plans are usually made on a project base when it is demanded.
Long-term targets are not of concern (Burak et.al., 1997).

Users are not encouraged to participate in the planning and the application
stages so, projects are not accepted and objectives can not be realized.

Water rights are also very important. Good quality water that can be used as
drinking water can also be used as irrigation or portable water. State has the sole
ownership of all waters. Priorities in basin based projects are not determined. These
cause water to be wasted. Legal arrangements for water rights are necessary.

The necessary finances for establishing foundations for drinking water, solid
waste, sewerage systems and their treatment plants either can not be found or only
small annual funds are found so that construction takes long time (SPO, 2000).

Modeling the water-related issues gain importance especially in 1990’s.
Different modeling tools can be used for this purpose. These are discussed in the next
chapter together with a literature survey on CGE models involving water as a factor

of production.
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CHAPTER 3

WATER IN CGE MODELS

Different methods are being applied in analyzing water-related issues. Water
demand literature relies mostly on econometric estimation methods (Mukherjee,
1995). Models consist of sets of equations whose parameters are estimated
econometrically. Examination of groundwater storage and their depletion is mostly
analyzed by the use of optimal control techniques. Some studies that apply this
method are, Cembrano et. al. (1988), Brdys and Ulanicki (1994), Cembrano and
Quevedo (1999) and Cembrano et. al. (2000). Saleth et. al. (1991) use game
theoretical techniques to examine the bargaining rules which will facilitate the
efficient operation of a “thin™* water market across a variety of bargaining
environments’ (Mukherjee, 1995). Sheehan et. al. (1981) and Carraro et. al. (2005)
are some other examples of game theoretic approaches to the water issues.

Input-output (I-O) models are also used to analyze the water demand issues.
They consist of linear equation systems which represent each of the sectors’
productions and consumptions (Giines, 2007). The economy is displayed in matrix
notation representing the interrelations among sectors. Output of one industry is used
as an input for another. Each column of the input-output matrix reports the monetary
value of an industry's inputs and each row represents the value of an industry's
outputs. I-O Model determines the necessary output change in each sector in order to

fulfill an economy’s final demand. Thus, it can be used to analyze, for example, a

* “thin” market: a market with few eligible participants.
> Bargaining environment is defined by institutional features such as the size of the water market, the
water rights system, the distribution of farm sizes, and the level of participants' information.
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change in water demand resulting from a change in the final demand (Mukherjee,
1995).

A Leontief production function is assumed. Output levels are determined
endogenously. Factor of production use is determined by the level of output of the
corresponding sector. Factors are not substitutable and they are fully utilized. Prices
are fixed exogenously and are independent of demand. Therefore, the model is quite
rigid (Mukherjee, 1995).

Another methodology used, is the linear programming (LP) models. It is
primarily used in irrigated agriculture and farm models. Linear programming
problems involve the optimization of a linear objective function, subject to linear
equality and inequality constraints. While in I-O models, factor inputs must be used

fully, for the LP models the constraints need not to be binding (Mukherjee, 1995).

3.1. CGE Models

Computable General Equilibrium (CGE) models are powerful economic tools
for multidimensional/multi-sectoral analysis. They improve traditional input-output
analysis by generating quantities and prices endogenously and reflecting market
incentives.

CGE models are based on the Walrasian general equilibrium structure, which
was formalized in the 1950s by Kenneth Arrow and Gerard Debreu. The models
explicitly incorporate supply constrains, identify prices and quantities separately, and
have smooth, twicely differentiable production and preference surfaces. Thus,
substitution effects in production and in consumption are allowed in the CGE
models. Factor and commodity markets attain their equilibrium through the
adjustment of prices.

CGE models are used to analyze wide economic impacts of changes in the
external environment and in economic policies. The first basic characteristic of these
types of models is that they generate a set of prices consistent with the equilibrium in
an economy. These prices are based on production and consumption decisions, which
in turn determine employment and incomes in the various sectors of the economy.

Second, the model specifies interactions and linkages between markets. Third, the

32



CGE model is based on a specification of the economic structure which is critical for
tracing the impact of an external shock or policy change (Dixon and Parmenter,
1996).

Up to the 1960's, empirical research in economics was mainly partial
equilibrium analysis. Johansen introduced a computable equilibrium model with 20
cost-minimizing industries and a utility-maximizing household sector in 1960.
Following Johansen's contribution, there was no significant progress in the
development of CGE modeling until 1970s. Though, large-scale, economy-wide
econometric models were mostly used (Dixon and Parmenter, 1996).

Scarf (1967a, 1967b and 1973) designed an algorithm for computing
solutions to numerically specified general equilibrium models. In the early 1970s, his
students John Shoven and John Whalley made contributions improving the modeling
structure (Shoven and Whalley, 1972).

Oil crisis, sharp change in the international monetary system and rapid
growth in real wage rates occurred in the 1970’s. The econometric models were not
capable of examining the effects of such a shock not seen before since they relied on
time-series data. For the oil crisis, for example, regression equations based on pre-
1973 time-series data, will have an insignificant or zero coefficient price of oil. It
was realized that CGE models were able to deal with such shocks with no historical
experience (Dixon and Parmenter, 1996).

It was also observed that much more detailed models could be formed with
CGE modeling techniques. Especially after the developments in applied
mathematics, larger-scale CGE models were formed in 1980's. Software programs
only became available in the 1990’s. The software developed in USA is represented
by the GAMS/MPSGE program. The corresponding Australian CGE modeling
program is GEMPACK.

3.2 Advantages and Disadvantages of the CGE Modeling

There are many advantages of using CGE models. Since they allow modeling
the whole economy, it is possible to observe the total effects of a policy change or a

shock on the economy. They also enable the modeler to make predictions about
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further changes in the economy. Moreover, the modeler can analyze the feedback
effects on income and the prices of policy changes as well. Another advantage of
including all sectors is that it reduces the danger of bias through omission. The
partial equilibrium approach suffers from this danger as they omit certain sectors and
intersectoral linkages (Mukherjee, 1995).

CGE models allow the use of non-linear equations. This provides a more
realistic representation of the real economy. As mentioned above, the availability of
software which can solve non-linear equation systems enhances the CGE model.

There are some disadvantages of the CGE models. The main deficiency of the
models is that they are sensitive to the parameters used in the model. The primary
parameters, which will be explained in the next chapter, such as import, export or
factor elasticities are provided from econometric analysis or determined by the
modeler. Unfortunately, different studies that analyze these parameters may lead to
different results. Therefore, it would not be easy to find reliable primary parameters.
The choice of parameters will probably affect the results of the models. Also, one
must be aware of the choices of the functional forms as they are chosen by the
modeler and may not display the true structure of the economy. It may be useful to
perform a sensitivity analysis by comparing the model results for different
parameters and functional forms in order to test the robustness of the parameters used
and accordingly the function choices (Giines, 2007).

CGE models are more complex than the IO and LP models. They give a much
larger range of opportunities to the modelers as they can serve greater disaggregation
possibilities and more elaborate behavioral and technical relationships, and also
allow for the use of non-linear functional forms. But, this requires a larger data set
and this data set must display a balanced economy in the base year. But these
requirements are difficult to satisfy, especially for developing countries (Giines,

2007).

3.3 A Review of Literature of CGE Models with Water

One of the first Applied General Equilibrium (AGE) models to analyze water
management policies is presented by Berck, Robinson and Goldman (1991). They
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used the model to find the effects of reducing water inputs in the San Joaquin Valley
of California on the GDP of the Valley, on sectoral output, employment and land use.
The model is disaggregated into fourteen sectors six of which are agricultural sectors.
The agricultural production function comprises of 4 primary factors: water, land,
labor and capital. Water is defined as an exogenous stock and it is only used by the
agricultural sector. They propose two alternatives for the agricultural sector. First,
with strong elasticity of substitution, where agricultural land, labor and capital are
connected by a Cobb-Douglas function. Second, with low elasticity of substitution
where capital and land are used in fixed proportions and labor is combined with this
aggregate by a Cobb-Douglas function. They conclude that a reduction in water
endowments generates a substitution from the agriculture to the livestock sector with
a decrease in GDP and a reduction in agricultural income and labor demand. Thabet
(2003) argues that this kind of model specification limits the substitution possibilities
between the primary factors and the intermediate inputs.

Goldin and Roland-Holst (1995) study the relationship between trade reform
and water management policies in Morocco. There are four sectors, two of which are
agricultural sectors. Utilizing their model, Goldin and Roland-Holst simulate three
scenarios. The first scenario is an increase in water tariffs for agriculture and the
second is a reduction in import duties. As the third scenario, they combine the
previous two and these result in an increase in GDP and an improvement in
household income. Goldin and Roland-Holst use a production function for
agricultural sectors that does not allow for substitution between water and other
intermediate consumption or primary factors. They assume the existence of a
perfectly elastic offer of water, which is able to answer any request. There is no
production of water in the model, a fixed endowment of water is assumed.

Lofgren (1996) examines the impact of alternative water allocation
mechanisms and different choices for charging the operation and management costs
of the irrigation and the drainage system. He finds that, when water is abundant, the
easiest way to achieve cost recovery is by taxing the land. On the other hand, if water
is scarce, a volumetric water charge or a “crop-water” charge (based on crop water

consumption per land unit) is better for discouraging water consumption. While the
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latter charging system is easier to implement, the former has the advantage of
encouraging long-run water-saving technical change.

Lofgren also examines a 15-30% cut in the water supply while permitting a
79-158% increase in water use in the rest of the economy. He concludes that by
cutting agricultural water use by 15% does not decrease aggregate farmer incomes,
but decreases the real value-added, employment and consumer surplus by 3 to 7%. If
the same reduction is 30% instead, negative effects would be larger and there would
be a large agricultural trade deficit.

When he made a comparison with an inefficient alternative (half of the
farmers being forced to cut water uses) he observes that the efficient alternative
yields a much higher output level while he avoids the inequity associated with access
to water. However, when the government charges prices sufficient to reduce water
consumption by 15-30% it increases the government revenue by 11-18%, while
reducing the farmer’s income by 20-35%. So, Lofgren concludes that there is a need
for institutional reforms endowing the farmers with tradable water rights.

In all three studies mentioned so far, one can see that water is taken to be an
exogenous stock variable. Moreover, substitution between inputs was not allowed.
However, Just (1991) argues that allowing possibilities of substitution between
entrants into the agricultural production function is very important for studies
concerning the water problem. In fact, Decaluwe et. al. (1998, 1999) introduce water
production sectors into their models. Their model is more flexible than the standard
models, since they allow for substitution among the factors of production.

Decaluwe et. al. (1998), explicitly model the water production with various
technologies according to whether water is extracted from the stopping or the
underground tablecloths. The model allows for substitution between the intermediate
agricultural inputs. Moreover, there are also possibilities of simulating exogenous
rainfall variation. Decaluwe et. al. simulate the affects of an arbitrary increase in
water price, a reduction in subsidies to water management authorities (WMA) and a
decrease in average rainfall. They conclude that a 10% increase in water prices
results in an approximately 8% reduction in water demand, 0.13% reduction in GDP

and subsidies to WMA.
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Decaluwe et. al. further modify their model so as to compare different water
pricing schemes. The CGE model presented by Decaluwe et. al. (1999), called
Aquam Model, analyzes the impact of irrigation water tariffing at the marginal cost
and at the average cost to the Moroccan economy. Two regions are represented in the
model: the North with abundant water and the South slightly short of water. Both
regions produce similar commodities linked by a constant elasticity of substitution
(CES) functions which are sold on the national and the international markets as
composite commodities. Agricultural production function is a CES function based on
the argument of Just (1991). CES specification makes it possible to postulate
substitutability between the factors of production and the intermediate consumption.

Three pricing policies are simulated, Boiteux-Ramsey Pricing (BRP),
Marginal Cost Pricing (MCP) and an arbitrary increase in agricultural water prices.
Results reveal that BRP combined with a reduction in distorted production taxes was
the most efficient in reducing water consumption with a positive impact on
equivalent variation (EV) and eliminating WMA subsidies. MCP has a more positive
impact on the EV but is not as efficient in reducing water consumption and does not
eliminate subsidies (natural monopoly). Finally, the arbitrary increase in agricultural
water prices generated negative effects on EV and only small reductions in water
consumption and subsidies to WMA. Hence, considering welfare criteria and water
conservation objectives, Boiteux-Ramsey pricing seems to be the best alternative.
Moreover, they show that as an economy becomes more rigid, BRP becomes more
advantageous whereas the efficiency of MCP decreases.

Tirado et. al. (2003) introduced the idea of allocation of water rights. They
presented a CGE model for the Balearic Islands to analyze the welfare gains
associated with an improvement in the allocation of water rights through voluntary
water transfers.

There are ten sectors in the model. Two of them are water production sectors
(traditional drinking water sector and desalinization of sea water). There are five
production factors: land, capital, labor, soft water and sea water, and four agents,

consumers, firms, government and rest of the world (ROW).
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In agriculture, it is possible to change the irrigated and the non-irrigated crops
composition. To include these adjustment alternatives, they model both irrigated and
non-irrigated crop production technologies as nested multilevel CES functions.

At the status quo, water supply is assumed to be fixed and water rights are not
tradable, drinking water is produced and distributed by using other production factors
and is used as a final good by consumers or as an intermediate good by other sectors
of the economy. Sea water supply is assumed to be fixed and determined by the
available desalinization capacity.

With the introduction of transfer water rights, agricultural production
decreases. But, tradable water rights would lead to an efficient institutional setting so
that the overall efficiency in the economy increases.

They also conclude that water markets would bring substantial savings by
avoiding the construction of some water regulation infrastructures such as dams,
desalinization plants, and water transfer facilities. Moreover, the economic
distortions which may result from the operation of these redundant infrastructures
would be eliminated.

Decaluwe et. al. (1999) and Tirado et al. (2003) do not take the distribution of
drinking water under consideration. Thabet (2003) integrates a drinking water
production/distribution sector into CGE, but with no distinction between production
and distribution. This distinction is introduced by Briand (2004) in her CGE model
for Senegal. In addition, to separate production and distribution of water sectors, the
distribution of water is divided into two groups: formal and informal. Briand argues
that the informal drinking water distribution operators serve the low income group
and their services must be regarded as a true complement of the public company.
Consumers’ low and/or irregular incomes and bad locations lead them to these
informal operators. In fact, a large number of the consumers that prefer these
informal operators are located in peripheral distrincts, secondary centers or in
difficult access points. In order to have a minimal quantity of drinking water each
day, households split their expenditures in accordance with their daily and irregular
incomes. Briand, aims at analyzing the effects of water pricing policy on the
development of both formal and informal water distribution and tries to determine a

policy which enables all households to use water services and also analyze the effects
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on the income distribution of the three consumers categories that is defined in the
model, namely the consumers in rural areas, Dakar and other urban areas.

There are many studies concerning the effects of tax and subsidy removals.
Stringer and Wittwer (2001) model “water policy reforms” in Australia. Australia is
the largest wine exporter after the European Union. Grape growers depend on
reliable supplies of good quality water at specific times. Rainfall and irrigation
influence the grape quality and vine health. The policies and management practices
that effect the future water availability, access, use and quality have a strong affect
on Australia’s wine industry (Stringer and Wittwer, 2001).

In their paper, Stringer and Wittwer explore the key factors motivating
change in national, regional and local water institutions and examine the effects of
the resulting policy reforms on water markets, water use and the profitability. They
examine two policy affects: removal of implicit subsidies and taxes on water usage in
certain areas and taxing producers for salinity.

The water pricing reform scenario indicates that, there is a redistribution of
irrigation activity to South Australia. Overall agricultural output declines but the
benefit in terms of reduced salinity damage outweighs this. When producers are
taxed for the full cost of salinity damage, the reduction in national income is
outweighed by the benefit from the reduced salinity.

In their study, Kraybill et. al. (2002) form a CGE model for the Dominican
Republic in order to analyze the consequences of a reduction in irrigation subsidies
and elimination the tariff on rice imports. Model results show that applying either of
these reforms separately causes GDP to rise. Even implementing both policy changes
together is more efficient. But, the distributional consequences differ. For the poor,
who spend a large share of their earnings on rice, the benefits of price reductions
resulting from free trade are beneficial. But, lower prices also diminish the incomes
of the rice producers, who comprise an important segment of the rural population.
Moreover, decreasing subsidies will harm the farmers and also the consumers since it
will result in higher food prices due to increased agricultural production costs.

Robinson and Gehlhar (1995) use an eleven-sector CGE model to analyze the
policies in Egypt in 1986-88. There are large output taxes and subsidies varying

across the sectors. In agriculture, there are major input subsidies and no charges for
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water. Robinson and Gehlhar perform three different series of experiments: in the
first series, they explore the impact of removing agricultural taxes and subsidies
sector by sector. In the second series, they examine the impact of eliminating both
agricultural and non-agricultural distortions due to the tax, subsidy and tariff system.
In the final series, they estimate the agricultural water demand curve. Here, they
reduce the aggregate supply of water progressively to observe how the price of water
and the use of water change. All three series are done using different model variants:
migration versus no migration and constraint water versus unconstraint water.

Robinson and Gehlhar find that under the 1986-88 policy regime land, not
water, was the binding constraint for farmers. Even if Egypt had introduced a market
for water, the equilibrium price would have been close to zero.

Results indicate that, eliminating the ad valorem taxes and subsidies leads to
an increase in the demand for water and a significant increase in the market price of
water that would prevail if there were an open water market. Demand curve analysis
shows that the water demand is quite inelastic. Robinson and Gehlhar argue that a
policy reform on the output side would have great influence on the water distribution
system. Also, reducing water consumption or managing water distribution when
water supply remains fixed while agriculture is growing, will cause water to cost too
much for the farmers. In order to be successful in a policy reform, Egypt must ensure
that the water is allocated efficiently so that it is used where its potential market
value is greatest.

Cabral (2005), using a nineteen-sector CGE model based on 1996 SAM,
examine the impact of subsidy removal in north countries on Senegal. He finds that
the elimination of agricultural subsidies in developed countries leads to a shift in
agricultural supply toward external markets. This, in turn, results in an increase in the
cost of imported cereals, particularly in rice. Since the cereals occupy a significant
weight in the consumption basket of poor households, their well-being worsens,
except those of the Delta rural households.

Azdan (2001) analyzes the economy-wide impact of water policy reform in
Jakarta, especially among different-income households and within the industrial
sector. They apply three scenarios. First, there is an additional tax on the municipal

water company (PAM) to increase capital for the company. Second, the same tax is
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used to subsidize access by low-income households to PAM water. Finally they
examine the elimination of cross subsidization between households and industry and
collection of fees on ground water extraction.

They conclude that elimination of cross subsidization would contribute to
economic efficiency. Also, they show that fees needed to be increased substantially
in order to reduce the excess extraction of the ground water. It would be equitable
and efficient to eliminate the subsidy to households currently connected to the
municipal system and transfer the revenues created by this subsidy cut to connect
more households.

Mukherjee (1995) analyzes the economy-wide linkages among all water users
in the watershed and simulated water and land policy reforms. Here, there are four
factors of production: labor, capital, land and water. Water and land are forming a
composite good by Leontief function. This in turn, links with labor and capital
through the CES function. She concludes that there was a tendency towards
inefficient use of water in both agricultural and non-agricultural sectors. With a
suitable scarcity price charge for water, the sectors using water relatively less
intensively are considerably less disadvantaged when compared to those with more
intensive use. The system is very sensitive to the scarcity water price changes.
Modest water and land reform policies could lead to dramatic and positive changes in
the homeland agricultural sector.

Diaz-Rodriguez (2000), investigate the effects on markets, of liberalizing the
rice market and reducing water subsidies for agricultural production, economic
welfare, and water use in the Dominican Republic. Results show that, as imported
rice becomes cheaper, domestic rice production declines. But, as the increase in
imports outweighs the decrease in domestic outputs, rice consumption increases.
Total water use in agriculture is reduced and the factors of production are diverted to
other crops’ production. Liberalization leads to an improvement in the net welfare.
The poor, who spend a larger share of their earnings on rice when compared to other
income groups, benefit the most.

Diao and Roe (2003) examine the linkages between water and trade policies
in Morocco. They present a dynamic AGE model. They create simulations in order to

examine both the short-run and the long-run dynamic effects of trade reforms and a
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water user rights market. Results of the trade reform alone show that the shadow
price of water falls in the sector that produce pre-reform protected crops. Farmers
who are worse-off after the reform could earn income from renting out some of their
water to others. Also, they show that creating a water user-rights market compensates
the losses of farmers due to the trade reform, and also raises the efficiency of water
allocation thus, benefits the whole economy.

Some studies consider inter-regional relations. Two examples are Vaux and
Howitt (1984), and Diao et. el. (2002).

Vaux and Howitt (1984) develop a GE approach for inter-regional water
trade. They examine the interregional equilibrium supply and the demand
relationship for California. They estimate that if trade is not allowed and the
development of new water sources is exclusively used to meet increasing demand,
the resulting prices for all regions are dramatically higher. The increasing demand
can be met at much lower social costs with a market-based interregional trade of
water supplies.

Diao et. al. (2002) construct a model for Morocco. Seven major irrigation
regions and perimeters within each region are considered. Each of the regions is
linked to up and down stream markets, and they compete with the rest of the
economy for economy-wide resources. In their study, Diao et. al. aim at estimating
the shadow price of water in each perimeter of these seven major agricultural
development authorities (ORMVAs), and at conducting an analysis of a water user-
rights market among farmers in each region.

The results suggest that a decentralized water trading mechanism could
increase agricultural output by 8.3 percent, affect the rental rates of other agricultural
inputs at the national level, including labor, and have economy-wide effects that
entail modest declines in the cost of living, an increase in aggregate consumption,
and expansion of international trade.

In addition to the above studies: Seung et. al. (1998) study the welfare gains
associated with the transfer of water uses from agricultural to recreative uses in the
Walker River Basin. Seung et. al. (2000), combine a dynamic CGE model with a
recreative demand model to analyze the temporal effects of water reallocation in

Churchill County (Nevada). Diao and Roe (2000) provide a CGE model to analyze
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the consequences of a protectionist agricultural policy in Morroco and show how the
liberalization of agricultural markets creates the necessary conditions for the
implementation of efficient water pricing (particularly through the possibility of a
market for water in the rural sector). Goodman (2000), by using an applied CGE,
shows how temporary water transfers provide a lower cost option than does the
construction of new dams by enlarging the existing water storage facilities.

Although there are many CGE models for Turkey neither includes water. The
model constructed in this study is a multisectoral, single country, and static, CGE
model which includes water as a factor of production together with capital, labor and
land. Its production structure is similar to Mukherjee (1995) with a Cobb-Douglas
production function instead of a CES function. The details of the model are presented

in the next chapter.

43



CHAPTER 4

STRUCTURE OF THE TURKISH WATER-CGE MODEL

CGE models are represented in the form of a non-linear equation system.
They are computable in the sense that they display numerical solutions and they are
general since they contain all the economic agents, all flow of factors and all markets
in the economy. They display equilibrium since every market in the economy is
assumed to be in equilibrium.

CGE models can be classified according to different criteria. One is the
regional aggregation decision, since they are concerned with only one country or
several countries or they may be regional. They can also be classified as static or
dynamic, real or financial, fully or partially competitive. Sectors, factors of
productions, and household groups are all disaggregated according to the aim of the
model (Giines, 2007).

A typical CGE model contains supply and demand equations based on the
optimization problems of the agents. Consumers maximize their utility under their
budget constraints while producers maximize their profits under technology
constraints. The representative consumer’s decision determines the demand for
goods and supply of labor. Consumers purchase final goods from the product
markets and sell their labor in the factor and product markets in return for wages. On
the other hand, the representative producer’s decision determines the supply of goods
and the demand for production factors. Producers purchase inputs from input markets
and intermediate goods from product markets, and use them to produce goods in the
product markets (Mukherjee, 1995). All the countries, other than those of concern are
named as the ‘rest of the world’. Goods are exported to the rest of the world, and
imported goods are also sold in the domestic product market (ESCAP, 2003). For the

flow of goods and services see Figure 4.1.
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Figure 4.1: Economy-Wide Circular Flow of Goods and Services

Often, the public sector is also included in these models in order to analyze
the affects of a policy change. The government collects taxes and tariffs, provide
monetary transfers, subsidies and services. Factor incomes are distributed among
households and these together with public and foreign transfers (in an open
economy) make up the aggregate income of households (Mukherjee, 1995).
Households then use their incomes less taxes for consumption and saving.

Domestic supply and demand, together with the incomes are all determined
simultaneously within the model. The solution of the general equilibrium model
turns out to be a vector of commodity and factor prices that satisfies the supply and
demand decisions.

First CGE studies were considering models with pure neoclassical thinking.
But in further studies some market distortions are added to the models. Especially,

models constructed for developing countries may include macroeconomic
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imbalances and rigidities as unemployment, factor immobility, enter-exit barriers,
and fixed prices (Gtlines, 2007).

In order to ensure the macroeconomic balances closure rules are introduced.
Robinson (1989) defines the closure as assuming some of the macroeconomic
variables as exogenous. Closures determine the way of achieving the balances in
public account, saving-investment and trade (Giines, 2007). Exogenous and
endogenous variable decisions are made accordingly and this determines the
causalities within the model. Possible closure choices are given in Table 4.1.

Modelers decide on the closure rules suitable for the structure of their model.

Table 4.1: Closure Rules:

B Public Account
Public revenue is the sum of public savings and public consumption.
» Endogenous public saving, exogenous tax rates
» Exogenous public saving, endogenous tax rates
» Exogenous public saving, public expenditures, endogenous compulsory
savings
B Rest of the world
National account balance.
» Exogenous foreign savings, endogenous exchange rate
» Endogenous foreign savings, exogenous exchange rate
» Exogenous exchange rate, endogenous import rationing
» Exogenous exchange rate, endogenous import quotas
B  Saving-investment
(Private+ Public + Foreign) Savings = Investments.
» * Exogenous investments, endogenous private savings

» + Endogenous investments, exogenous private savings

Source: TEPAV/MOD (2007).
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In public accounts, if the tax rates are given exogenously, public income will
be determined accordingly and public savings will be calculated endogenously by the
difference of the public revenue and the public expenditures. On the other hand, if
public savings are taken to be exogenous, either the tax rates or directly the public
expenditures will be determined within the model.

The first debates on closure rules mainly focused on saving-investment
closure and four different approaches were introduced (Dewatripont, Michel, 1987;
Robinson, 1989). The first is the “neoclassical closure” which is a saving-driven
approach that considers the savings to be exogenous and the investments are
calculated. On the other hand, in “Keynesian closure”, savings are determined
endogenously. In the other two approaches, total consumption is also considered.
The so called “Johansen closure” which is investment driven, the necessary saving
level for the exogenously given investment level is determined from changes in
consumption expenditures. Finally, the “Fisher closure” takes savings, investments,
and total consumption as exogenous and interest rate is the balancing factor (Giines,
2007).

If the exchange rates are fixed exogenously, it can balance the foreign trade.
Then, foreign savings will be determined endogenously. Conversely, foreign savings
may be taken as exogenous and exchange rates will be calculated endogenously
within the model.

CGE models require a balanced data set representing the whole economy.
The best way to form such a comprehensive set is to construct a Social Accounting
Matrix (SAM)®. Two kinds of parameters are specified. The primary parameters are
typically different substitution elasticities. They are taken to be “best guess” values
or estimated by the use of econometric methods. The secondary parameters are the
other parameters in the model such as the efficiency and distribution parameters.
They are calibrated to a level that reproduces the benchmark data (Térma, 2003).
Equation systems are formed by the exogenous variables and calibrated parameters.
Once the model replicates the initial data (base run) modeler can pass on to the next

step. Model will be used for examining the affects of policy changes and economic

® SAM is explained in detail in Section 4.2.
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shocks. The analysis is completed with the comparison of the simulation results with
the base run solutions. The computational steps of a CGE model are represented in

Figure 4.2.
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Figure 4.2: Computational Structure of the CGE Modeling

The next section presents the details of the water-related CGE Model for
Turkey.
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4.1 Water-CGE Model for Turkey, TURKWAT

TURKWAT is a single-country, 9-sector with four factors of production,
saving-driven, small-open, and static CGE model for Turkey. It is the first model for
Turkey that includes water as a factor of production. Different from the other CGE
models for Turkey, it has a nested production structure. Land and water form a
composite good. This, together with capital and labor, comprises the total
agricultural production. This structure is similar to the work of Mukherjee (1995),
except she used CES production function in the second stage, while here Cobb-
Douglas production function is preferred. The only model for Turkey having the
same agricultural disaggregation is the one by Giines (2007). Though the non-

agricultural sector decisions differ.

4.1.1 Model Specifications

Production Structure:

The model disaggregates the whole economy into nine different sectors. Four
of these sectors are agricultural sectors: Growing of cereals and other crops n.e.c.,
growing vegetables, horticultural specialties and nursery products, growing fruit,
nuts, beverage and spice crops and other agricultural sectors. The remaining five
sectors are non-agricultural sectors: food, beverage and tobacco, textile, chemical
products, metal and other non-agricultural sectors. One can find the details of
sectoral decomposition in the I/O Table in Appendix A.

Agricultural sectors are decomposed according to the Input-Output Table’s
detail. Within the non-agricultural sectors, food, textile, chemistry and metal sectors
use water intensively. Other sectors are aggregated as “other non-agricultural
sectors”. Within these sectors, manufacture of paper and paper products uses
relatively more water. However, due to lack of data it is not treated separately.

In manufacture of paper and paper products, production is carried out in two

stages: pulping’ and paper making. The former requires large amount of water.

7 Extraction of cellulose fibers from wood.
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However, in Turkey, this procedure is not carried on much, most cellulose fibers are
imported. Another source of cellulose fibers is recycling of paper. This also requires
a considerable amount of water but not as much as used in pulping.

In the second stage of the production, namely, the paper production water
also used, but in much smaller amount compared to pulping. As an overall, the
amount of water used in paper industry in Turkey is not considerably large amount
compared to the other non-agricultural uses such as in chemical and metal industry.
Therefore, ignoring the amount of water in this sector does not make much

difference in our calculations.

AGRICULTURAL
OUTPUT
I
(Leontief)
Value Added Intermediates
(C-D)
Land/Water Labor Capital
Composite
(Leontief)
Land Water

Figure 4.3.a: Structure of Agricultural Output

Agricultural production has a nested structure (Figure 4.3.a). It is assumed
that there are four factors of production: Labor, capital, water and land. As in the

model by Mukherjee (1995), land and water comprise a composite good. This

50



composite input in turn, is linked with capital and labor through a constant returns to

scale Cobb-Douglas (C-D) Production Function given in Equation 4.1.
XS, = A, KSLPTW, (4.1)

Here, K is capital, L; is labor and TW; is the land/water composite.

Sectoral output is assumed to be a Leontief function of sectoral value-added
and intermediate inputs. Thus, no substitution is allowed between the primary factors
and intermediates. Intermediate input demand in each sector, i, is determined by the

fixed Leontief coefficients a;’s.

INT, =) a,XS, (4.2)
J

Land is not applied to non-agricultural production. For non-agricultural
sectors, labor, capital, and water inputs are aggregated through a C-D Production

function:

XS, = AK L/ H P (4.3)
Here, K; and L; represent capital and labor respectively and H; represents the water
input.

Value-added and intermediate inputs are combined in a Leontief function to

form the sectoral output (See Figure 4.3.b).
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AGRICULTURAL
OUTPUT
I
(Leontief)
Value Added Intermediates
(C-D)
Water Labor Capital

Figure 4.3.b: Structure of Non-Agricultural Output

Aggregate supplies of factors of production in each sector are fixed and given
exogenously. Labor and capital inputs are assumed to be fully utilized. Since not all
water resources can be used at once, water input is assumed to be consumed partly,
the remaining is allowed to flow. There is no separate production sector for water.
Sectoral water usage is assumed to be determined in a competitive market as are the

other factors of production.

Income Generation:

Two different agents are assumed in the model. The private and the public.
The public agents represent all the state owned enterprises and the private agent
represents the households.

Public revenues consist of tax revenues and income from abroad.

GREV =TACTTAX +TCOMTAX + PYRTAX + CAPTAX
+ REMTAX + HTAX + PFTR (4.4)

Tax revenues consist of activity taxes (TACTTAX), commodity taxes

(TCOMTAX), payroll taxes (PYRTAX) and capital taxes (CAPTAX). The remaining
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taxes (REMTAX) are defined so as to contain all other public revenue. HTAX is water
tariff collection according to water use. It is taken as the income received from water
distribution obtained from TURKSTAT (2004). Data is available for 2001. The
proportion of it to the public revenue is applied for 2003. Accordingly, public “water
income” is calculated from the public revenue of 2003. PFTR represents public
foreign transfers.

Private income is composed of income from factor ownership less taxes, and

domestic and foreign transfers.

Y =Y [(1~tpyr)W WDIST, .L, + (1~ tcap).RK.RKDIST, K ]

+VWATER — HTAX + ) STW,,,, .OT,

ia

+TRANS + NPFI — NPFE (4.5)

In Equation 4.5 above, WDIST; are sectoral wage difference coefficients and
RKDIST; are sectoral profit rate differentials; W and RK are the average nominal
wage rate and the average profit rate respectively. VWATER represents the total
water factor income. This less of public water tariff collection is supposed to give the
water factor income of the farm organizations and added to the private incomes as
the “water income” of the private sector. STW,, , is the average price of land and the
index ia corresponds to the agricultural sectors, TRANS represents the public
transfers to households, NPFI is the net private factor income from abroad and NPFE

is the net private factor payments to abroad.

Expenditures:

Public expenditure composes of the sum of aggregate public consumption,
public transfers and interest payments on public foreign debt. Sectoral public
consumptions are taken as proportions of the total public consumption. Each
proportion is calibrated as a ratio of sectoral public consumption to aggregate public
consumption, which is taken to be a fixed proportion of public revenue. Public

transfers are calculated as a proportion of public revenue.
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Private expenditures are composed of private consumption in the model,
other public revenue and foreign transfers. Private consumptions are calculated to be
one minus marginal propensity to save (MPS) multiplied by disposable private

income.

Rest of the world (ROW):

The “small country” assumption is applied. Namely, world prices of imports
and exports are assumed to be given exogenously and import and export prices
within the country are calculated from these world prices. So, the domestic price of

imports is the import tariff inclusive world price times the exchange rate:

Pm; = Pwm,ER(1+1tm,) (4.6)

Domestic price of exports is calculated as world export price multiplied by the

exchange rate:

Pe; = Pwe, ER 4.7

The Armington specification is used: imported and domestically produced
goods are assumed to be imperfect substitutes. Households consume a composite
good composed of domestic and foreign products. Subject to their current incomes,
households minimize their costs. As a result, the households decide on the
composition of domestic and imported goods in their consumption bundle.
Accordingly, sectoral composite good, CC;, is formulated as a Constant Elasticity of
Substitution (CES) aggregation of the domestic commodity, DC;, and the imported
foreign good, M;:

CC, =ac,(bc, M, +(1—bc,)DC,”7)™"7 4.8)

Here, y; is the elasticity of substitution parameter and is given exogenously to the

model.
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According to the Armington specification, households minimize a cost

function:

Pd,.DC, + Pm,.M, 4.9)

subject to the CES composite commodity. Pd; and Pm; are sectoral domestic and
imported goods’ prices respectively.

The first order condition of the cost minimization problem gives:

M, be, \( Pd ™"
I ] where g, =—1 (4.10)
DC, o1+,

The representative producer in each sector is assumed to maximize its total

revenue from domestic and foreign sales:
XS, =at,(bt,E”" +(1=bt,)DC,”*)!'* (4.11)
The producer’s problem is to maximize profit
Pd..DC; + Pe, .[EX, (4.12)

subject to total output and first order condition gives:

2:(—1_btj I(&j I WhereO'e :—1 (413)
DC bt Pd Y72

De Santis (2002) provides estimated elasticities for Turkey. Accordingly,

both o, and o, are taken to be equal to 2. In order to reflect the comparative

advantage of Turkey in foreign trade, it is further assumed that the response of the
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vegetable and fruit sectors should be lower than this rate. Therefore, elasticities for

these sectors are taken to be 0.5.

Equilibrium Conditions:

Public saving is the difference between public revenues and public
expenditures. Private saving is calculated as MPS multiplied by disposable private
income, and MPS is taken to be fixed. Thus, the model closure is “saving driven”.
Private saving calculated from the exogenous saving rate is assumed to determine the
investment level through the saving-investment balance. Total private investment is
distributed to the sectors in fixed shares. Total public investment (TOTGINV) is

calculated from government primary balance (GPRMBAL) equation:
GPRMBAL = GREV —TGCON —TOTGINV — INTRSRAT *TRANS (4.14)

In accordance with the economic program of 2003, GPRMBAL is taken to be
as a proportion of GDP. INTRSRAT® is the ratio of interest payments to domestic
banks in government transfers.

Total saving (public, private and foreign) is equal to the total investment:
GSAV + PRSAV + FSAV =TINV (4.15)

Commodity balance, describing the supply and demand equivalence of
composite commodities, is given below. The sum of private and public consumption
demands, PRCON; and GCON; respectively, investment demand, INV;, and the
intermediate demand, INT;, has to be equal to the sectoral absorption, namely to the

supply of the composite good, CC;.

CC, = INT, + PRCON, + GCON, + INV, (4.16)

8 Is calculated to be equal to 0.484 as the proportion of public domestic interest payments within

public transfers.
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Current account balance implies

> PM IM,+ NPFE + FIP = PE,EX, + FSAV + NPFI + PFTR (4.17)

Here, NPFE is the net private factor payments to row; FIP is the foreign interest
payments; NPFI is the net private factor income from row; PFTR is the public

foreign transfers, and F'SAV is the foreign savings.
4.2 Data Set

This section explains the construction of the data set required for CGE
modeling. First, the general structure of the social accounting matrices is being
presented. In the next subsection, the construction of the data set used in this model,

namely the 2003 SAM for Turkey is being analyzed.
4.2.1 Social Accounting Matrices

SAM’s which are essential for CGE modeling are comprehensive, balanced
data sets. They simply record all of the transactions that take place in a national
economy during one yearg. The SAM is basically the synthesis of two tools or
methods of economic analysis: the input-output table and the national income
accounting. So, it comprises information on income and expenditure flows of the
economy as well as socio-economic indices, such as income distribution,
unemployment, gender differences, and poverty. The construction of a SAM,
therefore, requires combining data from three different sources, i.e., national income
and expenditure accounts, [-O tables, and socioeconomic surveys (Kumar and

Young, 1996).

® The guiding works for social accounts, in the twentieth century, were those by Kuznets (1937) (on
national accounts) and by Leontief (1941) (on input-output matrices). The SAMs used today are based
on the work by Meade and Stone (1941). In this study, they developed the first logically complete set
of double-entry national income accounts (Kehoe, 1996).
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There are several SAM constructed for the Turkish economy. Giinliik-
Senesen (1991) presents a SAM for the economy for the year 1973. Her study stands
as a straightforward enlargement of the 1973 I-O table. Ozhan (1989) constructs a
SAM for 1983 that has proven to be very useful for analyzing the income distribution
effect of stabilization policies employed in Turkey during 1980’s. There are other
studies by Adelman et al. (1989), Yeldan (1989), and Harrison et al. (1992) to study
various particular aspects of Turkish economy. Yet, none of these SAMs have yet
incorporated household survey information and hence have no income-distributional
dimension (De Santis and Ozhan, 1995).

There are several studies concerning SAM for Turkey for the year 1990. One
of them is a study by De Santis and Ozhan (1995). This study gives a highly
disaggregated SAM containing 281 accounts. Another is a study by Kése and Yeldan
(1996). This study aims to establish a macroeconomic base for a computable general
equilibrium model. The model employs a 14-sector SAM together with a capital
composition'® matrix. Tung (1999) presents a SAM that contains not only the real
accounts but also capital accounts and financial assets and liabilities. Atict (2003)
reorganizes the SAM constructed by De Santis and Ozhan (1995, 1997) in order to
analyze income distribution on a factor base. It is a 6-sector SAM containing 8
different labor forces, 5 different capital stocks, and 6 different factor incomes. There
are 20 households identified according to their incomes; government and private
enterprises.

Usanmaz (2001) constructs SAMs for the years 1963, 1968, 1973, 1979, 1985
and 1990 in order to examine the intersectoral resource flow between agricultural
and non-agricultural sectors in Turkey.

For our purpose, the only officially published SAMs are the ones constructed
by Telli (2004). In his study, Telli constructs a series of SAMs between the years
1996-2003. This study is important in the sense that it introduces a systematic

approach which produces a series of SAMs. He decomposes the labor force into

1% A matrix whose elements, bij, describes the amount of capital good originating from sector "i" that
will be used to make up one unit of real capital in sector "j". Thus each column of the matrix adds up
to one.
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formal and informal labor and adds a detailed analysis of social security institutions.

The SAM constructed for 2003 was later extended to a 9-sector SAM (Telli et. al.,

2005).

Table 4.2: Format of an Aggregated SAM

Private
House- |Govern- Invest- Total
Activities [Commodities |[Factors |holds ment ment ROW Receipts
Activities [Domestic Exports Tot. Sales
Supply Revenue
[nterme- Private Government [Domestic
Commo- |.. [nvest-
oo diate Consump- [Consump- [Absorp-
dities . . ment .
Inputs tion tion tion
[Factor [Factor
[Factors
Payments [ncome
. Factor Prlvgte Private
House- Incomes [Transfers Foreign ncome
holds [Transfers
.. . . Public .
Govern- [Activity [Commodity [Factor [Remain- . Public
[Foreign
ment Taxes Taxes Taxes |der Taxes [ncome
[Transfers
Invest- Private  |Public Foreign Tot
. . [nvest-
ment Savings  [Savings Resource
ment
Rest of in.lte Foreign Foreign
Imports Foreign  [Interest .
the World [Earnings
Transfers [Payments
Total . [Production|Aggregate Factor [Private Hh|Public Tot. [Foreign
[Expendi- . [nvest-
Costs [Absorption Costs  |[Expend. [Expend. [Expenses
tures ment
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In this study, a SAM with a base year of 2003 is constructed. A simple 2-
sector SAM is formulated at the beginning, and then it is extended to a 9-sector one
in order to represent the basic modeling needs of the thesis.

As mentioned above, SAMs are comprehensive data sets which gather
different data from different sources. Collecting these data and harmonizing them
into a balanced SAM system not a straightforward task. Some data may be published
differently by different agencies and/or the data taken from different sources may not
be consistent with each other. Therefore, deciding from which source the data is to
be taken and trying to achieve consistency is very important.

Table 4.2 illustrates a schematic format of a standard aggregated SAM.
Utilizing this table, the treatment of the data is presented first. The rest of the work is
to disaggregate the aggregated SAM into different sectors. Disaggregating is carried
out in accordance with 1998 I-O coefficients.

SAM is a balanced scheme with all column sums being equal to the
corresponding row sums (Kose and Yeldan, 1996). So, all the economic balances
related to the data used must be satisfied. These correspond to income-expenditure
identities, supply-demand equalities, saving-investment balances and trade balances.
SAMs are designed so as to display the expenditures in columns and revenues in the
rows. It is an example of single entry book keeping, with every entry appearing in
both a row and column. This means that each income item for one party must be an
item of expenditure for another so that total receipts equal total outlays (Turner,
2004). Therefore, the sum of each column must be equal to the sum of the
correspondent row. For instance, observe that for the public sector, the income
consists of tax revenues and public foreign transfers. The correspondent column
gives the expenditures containing government consumption, transfers to households
and foreign interest payments. Public saving is the difference between public

revenues and public expenditures.

4.2.2 2003 SAM for Turkey

In this part, construction of the data set for TURKWAT, namely the 2003
SAM is explained.
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Public Account:

Public revenues in the model are composed of public tax revenues, non-tax
revenues, social funds“, factor incomes, privatization revenues, and public foreign
income. Four different taxes are defined (commodity taxes, activity taxes, payroll
taxes and capital taxes), and the sum of other taxes and domestic public income is
defined as ‘remainder taxes’. Calculations for the components of the public revenue
are given in Table 4.3.

Data of direct and indirect taxes together with wealth tax, non-tax revenues
(B), factor income (C), total social funds (D), and privatization revenues (E) and also
the total tariff revenues are all taken from SPO (2005).

In the data of Ministry of Finance, General Directorate of Public Account, the
shares of income taxes, corporate taxes and value added taxes are given. These are
calculated accordingly. ‘Commodity taxes’ are taken to be the sum of VAT and tariff
revenue.

According to the Ministry of Finance, 90 percent of the income taxes are
collected as a withholding tax. Among these, 52 percent is taken from employees.
So, first the income tax withholding is calculated and 52 percent of this is considered
to be income taxes from employees (A.2.a.aa).

Social security premium collections and unemployment security premium
collections are taken from SPO. These are decomposed into employees’ and
employers’ premium payments according to the survey by TISK (2004)'%.
Accordingly, within 100 TL costs to employees 25.2 TL is the premium payments
and 14.7 TL is paid by the employers. So, the ration of employers’ share in premium
payments over total premium payments becomes 0.147/0.252. Hence, the employers’
premium payment is found to be this factor times the total payments. The same logic

is applied for unemployment security payments.

"' The difference between the premium payments of private agents to social security institutions and
the wage payments to private agents.

'2 TISK(2004), “2003 Calisma Istatistikleri ve Isgiicii Maliyeti”, TISK (Tiirkiye isveren Sendikalar1
Konfederasyonu) Publications, No:249, Ankara
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Table 4.3: Calculations of Public Revenues

PUBLIC REVENUE
A. TAX REVENUES

1. Indirect Taxes
a. Value Added Tax (VAT)
b. Tariffs
c. Other
2. Direct Taxes
a. Income Taxes
aa. Income taxes from employees
ab. Other
b. Corporate Taxes
3. Wealth Tax

B. NON-TAX REVENUES
1. Public foreign income
2. Other

C. FACTOR INCOME
D. SOCIAL FUNDS

1. Social Security Premiums
a. Premiums paid by employees
b. Premiums paid by employers
2. Unemployment Security Payments
a. Premiums paid by employees
b. Premiums paid by employers
3. Other

E. PRIVATIZATION REVENUES

TABLE A.2 GOVERNMET ROW FORMULAS

COMMODITY TAXES = Ala+ A.lb

ACTIVITY TAXES = Alc + D.1b + D.2b

PAYROLL TAXES = A2.a.aa + D.l.a + D.2.a

CAPITAL TAXES = A2b + C

OTHER PUBLIC REVENUE = A2aab+B2+A3+D+E-D.1-D.2
PUBLIC FOREIGN INCOME = B.l

62




‘Activity taxes (ACTTAX)’ are calculated as income taxes less commodity
taxes plus employers’ social security and unemployment security payments.

‘Payroll taxes (PYRTAX) are the sum of income taxes paid by the
employees, together with the employees’ social security and the unemployment
security payments.

‘Capital taxes (CAPTAX)’ are composed of corporate taxes and public
factor incomes.

All other public revenues are named as ‘Remainder Taxes (REMTAX)’ .

Public expenditures are composed of public consumption, public transfers
and interest payments on public foreign debt. Public transfers to the private sector in
SAM are calculated as public transfer payments taken from SPO, minus public

foreign transfers.

Rest of the World:

Import and export values are taken from the SPO (2005). Net foreign factor
income and its components (incomes and receipts) are taken from TUKSTAT
(2005). These are decomposed into public and private incomes and receipts. Worker
remittances from abroad (in SPO data) are considered as public income from abroad
and interest payments on public foreign debt are considered as the public payments
to abroad. Remainders are private receipts and expenditures. Formulation is

displayed in Table 4.4.

Table 4.4: Calculations for Net Factor Income from Abroad

NET FACTOR INCOME FROM THE REST OF THE WORLD
Income Received

Public = Worker’s Remittances

Private = Other
Income paid

Public = Foreign Interest Payments

Private = Other
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Capital Account:

Investment data is taken from SPO. Savings are calculated as follows:
Foreign savings are taken from TURKSTAT, private savings are taken to be residual
so that the row and column for ‘private households’ is balanced. Public saving is

calculated from the following identity:

PUBLIC SAVING = Total Investment (Public Investment+ Private Investment+

Stock Changes) — Private Saving — Foreign Saving

Factor Markets:

Four factors of production are defined in the model: labor, capital, land and
water. Labor and capital payments calculations are shown below. Labor input value
is composed of payments to employees and unregistered employment. Capital input
value is calculated as operating surplus minus the sum of social security and
unemployment security payments by employers.

Payment to employees and operating surplus are taken from GDP-incomes
approach data of TURKSTAT. Unregistered employment payment is taken as a
residual .

FACTOR PAYMENTS TO LABOR INPUT

= Payments to employees + Unregistered employment payments

FACTOR PAYMENTS TO CAPITAL INPUT
= Operating surplus
— Social security payments by employers

— Unemployment security payments by employers

13 Compared to Telli (2004), our calculations reflect a smaller value of unregistered employment
payments. Values are 34,039,632 in Telli and 24,593,383 in this study. The difference is exactly equal
to the difference in capital value taken in the two studies. This is due to the different definition of the
capital factor incomes. Here, for calculation of this value, operating surplus is taken as (179,960,243)
whereas Telli takes capital plus depreciation as 169,553,739.
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Land input is taken as the cultivated land and water input is the total water
use (sum of the water consumption for irrigation, industry, and drinking and utility
purposes) given in Table 2.3. Payments to land and water are dropped from the
capital factor payments.

Domestic supply is computed as a residual to balance the corresponding
column and the row.

The aggregate SAM constructed, is then extended into a 9-sector one. The
sectoral decomposition is formulated according to the data availability. Agricultural
sectors are determined according to the 1998 I-O table’s detail. The first three
agricultural sectors are the same as in I-O table. Other agricultural sectors are
gathered under “other agriculture sectors”. The non-agricultural sectors details are
determined by the data available for sectoral water use in industrial sectors.
Intermediate goods, consumption, investment, exports and imports are decomposed
according to the quotients obtained from the 1998 [-O Table. Activity and
commodity taxes are decomposed so that the corresponding row and column sums
are balanced.

Sectoral capital and labor use are determined by the use of I-O coefficients.
Land is decomposed into four agricultural sectors according to the land use for the
corresponding crop production. Water usages in the agricultural sectors are
determined according to the relative water need for the crops produced in each
sector. Non-agricultural sector water usage is decomposed according to the sectoral
water usage taken from TURKSTAT. Coefficients used for the sectoral

decomposition of water and land are given in Table 4.5.

Table 4.5: Water and Land Sectoral Decomposition Coefficients

C A\ FR OA F TE CH M ONA

WATER 0.200 0.350 0.350 0.100 0.170 0.115 0.089 0.550 0.077
LAND 0.787 0.089 0.120 0.004
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4.2.3 Model Calibration

As mentioned before, primary parameters are either calculated
econometrically or taken as a “best guess” of the modeler. Others are obtained by
calibration. Model calibration is a procedure of calculation of the model parameters
so as to reproduce the base year data. First, the “steady-state” version of the model is
fitted with the base year data. In this study, the “structural” parameters of the model
are calibrated using the 2003 data base for Turkey. The base year data has to be
generated as a solution of the model with calibrated parameters. Once this procedure
is finalized, model can be used for policy analysis. The results of the calibration
procedure are given below.

Production function for agricultural and non-agricultural sectors are given as,

XS, = AKFLPTW, " |i=C,V,FR, OA and

XS, = AKSLPH " i=F, TE, CH, M, ONA.

The factor share parameters o; and [; are calibrated from the first order conditions

representing the equality of marginal revenue product and the value added:

_ RK.RKDISTK,

Q, (4.18)
PVA, XS,
W .WDIST, L,
p=—"" (4.19)
PVA. XS,
The technology parameter A;, is calibrated for agricultural sectors as
X5, (4.20)

A =
la %y 7B TW (I-a,—B,0)
Kia 'Lia . ia
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and for non-agricultural sectors Aj,, is calculated as

XS,
Ai"‘l = K”’ina Lﬁinn I_llmzl_”’ina ~Bina) (421)

Water and land shares within the composite good TW; are taken as fixed
Leontief coefficients. Water share, ttwa;, is calculated as the proportion of the water
factor income within the total factor income of land/water composite.

Activity taxes (TACTTAX), commodity taxes (TCOMTAX), payroll taxes
(PYRTAX) and capital taxes (CAPTAX) are taken to be fixed proportions of
production value, domestic demand, wage income, and profit income respectively.
These fixed proportions are calculated as the ratio of 2003 data of value of
production, domestic demand, wage and profit incomes to the corresponding tax
values. Model equations for the tax revenues are formed using these parameter

values. Accordingly, the tax revenues are calculated form the equations:

TACTTAX = tac,PX XS, (4.22)
TCOMTAX = tcomr,(PM,*IM  + PD, * DC,) (4.23)
PYRTAX = tpyrW WDIST,L, (4.24)
CAPTAX = tcap.RK RKDISTK, (4.25)

Thus, the corresponding parameter values for activity taxes, commodity taxes,
payroll taxes and capital taxes are tac;, tcomr;, tpyr and tcap, respectively. The first
two are given in Table 4.1, and tpyr and tcap are equal to 0.172 and 0.183

respectively.
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Water tariffs are collected from the non-agricultural water use. Therefore, the
tariff rate, ttw, is calculated as the ratio of HTAX to total non-agricultural water use to
be 4.171.

Parameters in the gross output-exports frontier

XS, = at,(bt,E, + (1—bt,)DC,)"*

is calibrated from the first order conditions

at, = XS, — and (4.26)
(bt, . EX " +(1—bt,).DCI )"
bt, = ! 4.27)
l 1+ PDl (EXz )(/l;—l) )
PE," DC,

Composite good aggregation function includes two parameters: ac; and bc;.

CC, =ac,(be;M ;" +(1—bc,)DC, 7 )77

They are calibrated from

bc, = PU; (Mo (4.28)
PD, " DC,
bc, =bc; [(1+bc;) and (4.29)

ac, = ¢ ; (4.30)
(be, IM " +(1—bc,)DC; ™)™
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Sectoral parameter calibration results are given in Table 4.6. Here, the

production function parameters, trade parameters and tax parameters are displayed.

Table 4.6: Sectoral Parameters

Production Parameters

SECTORS

a B A ttwa
C 0.032 0.509 4356 0.038
A" 0.378 0.455 4354 0379
FR 0.597 0.173  4.239  0.310
OA 0.557 0427 7509 0.789
F 0.744 0.243  6.986
TE 0.471 0.515 26.272
CH 0.805 0.188  8.595
M 0.209 0.570 131.52
ONA 0.559 0.441  9.665

Table 4.6: Sectoral Parameters (Continue)

SECTORS Armington Parameters Tax Parameters
ac bc at bt tac tcomr
C 2.038 0.305 2592 0.747 | 0.032 0.509
A\ 1.265 0.001 3432 0.840 | 0.378 0.455
FR 1.152  0.004 2.196 0.651 | 0.597 0.173
OA 1.713  0.169 4.622 0.899 | 0.557 0.427
F 0.291 0.261 2515 0.733 | 0.744 0.243
TE 0.544 0.330 2.003 0481 | 0471 0.515
CH 0.309 0.541 2.190 0.649 | 0.805 0.188
M 0.598 0.498 2.019 0.549 | 0.209 0.570
ONA 0463 0.273 2601 0.748 | 0.559 0.441

Four different cases are examined with

simulations are given in the next chapter.
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CHAPTER 5

SCENARIOS AND SIMULATIONS

Water-CGE Model for Turkey is used to analyze two kinds of simulations.
One is a trade simulation while the other is a water simulation. The first one is about
the ongoing debate in the international platform, namely the agricultural trade
liberalization. Within the relations with WTO, Turkey applied its commitments on
the tariff reductions in agriculture. However, decreasing the tariff ceilings did not
result in a reduction in applied tariff rates. The first simulation (The WTO
simulation) describes the case of Turkey releasing its protections in trade so as to
realize a real reduction in its average agricultural tariff rates. Next, the model is
utilized to examine the effects of implementing a “selective water tax”. Charging
water below its opportunity cost leads to wasteful use of it. Moreover, as it is
considered to be a public good and most of the times, even the operation and
maintenance cost are can not be fully utilized, it becomes costly for the governments
to collect and distribute water. Studies concerning water pricing and water user rights
(as Stringer and Wittwer (2001), Tirado et. al. (2003) and Diao and Roe (2003))
mostly indicate that increasing the price of water and/or introduce water user rights
or water markets can be effective in encouraging water saving.

It is important for Turkey to perform a productivity increase in agriculture for
it to increase its comparative advantage in the international arena. In fact, Turkey is
far beyond especially its biggest trade partner, EU, in agricultural productivity.
Studies on Turkey-EU relations (as Abay (2005), Cakmak and Kasnakoglu (2002))
mostly show that this will cause Turkey to be worse-off in a case of trade
liberalization. Therefore, both the trade and water simulations are analyzed under a

general scenario of a total productivity increase in agriculture.

70



5.1 WTO-Simulation

Tariff reduction in agriculture gives rise to serious debates in the international
arena. International trade liberalization has been discussed since the end of World
War II. Negotiations which became official with the General Agreement on Tariffs
and Trade (GATT) were finally institutionalized with the establishment of the World
Trade Organization (WTO) in 1995.

After the economic depression in the 1930’s, countries isolated themselves
and world trade almost ceased. With the idea that isolation may be damaging for the
national economies in the long run, the advantages of free trade started to be
discussed in the 1940s. After the negotiations for liberalization of the world trade,
construction of an organization named “International Trade Organization (ITO)” was
decided upon. Until then, in order to be able to go to a tariff reduction for certain
goods, the GATT Agreement was signed. This was supposed to be temporary, but
because ITO could not be established, the Agreement replaced the organization and
was in operation between 1948- 94.

According to GATT’s basic principles, member countries are responsible for
eliminating all their protections (with some exceptions), transforming their import
restrictions only to tariffs (tariffication) and decreasing these tariffs over time. There
are certain bound rates that are determined by each country and in practice, countries
can not apply tariffs beyond these rates. In addition, countries are not allowed to
discriminate among their trade partners (Most-Favored-Nation (MFN) status). So,
every country must treat all countries equally for the same goods. Moreover,
countries can not discriminate between imported and domestic goods with respect to
domestic market regulations and practices.

After 1948, within GATT four conferences and four rounds were held. Before
the last round (so called “Uruguay Round”) in 1986-94, agricultural trade was
exempted from GATT in practice (Clapp, 2006; p. 10). This was due to the US’s
persistence in protecting its agriculture in the 1950’s (Jawara and Kwa, 2003). The
US protected its agriculture primarily in the form of domestic farm supports, while
the EU used export subsidies. Plus, both applied high tariffs on certain products.

Other countries such as, Japan also protected their agriculture. But, by the 1980’s,
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these protectionist policies became costly. In fact, OECD’s (Organization for
Economic Co-operation and Development) agricultural subsidies totaled to US$300
billion per year. In the end, it was mainly the US who put pressure on to include
agriculture sector formally in GATT (Clapp, 2006; p. 10).

At the end of the Uruguay Round, the Marrakesh Agreement was signed on
April 15, 1994. Accordingly, GATT gave up its place to WTO on 01.01.1995.
Within this agreement, in addition to 28 other agreements, the Agreement of
Agriculture (AoA) was signed. AoA has three basic principals: Market access, export

subsidies and domestic support.

1) Market Access: According to this principal, non-tariff barriers will be
converted to tariffs (tariffication). After tariffication, member countries will reduce
their tariff rates starting from the values valid in September 1986.

Developing countries will decrease their tariffs by 10 percent for each
commodity and 24 percent on an overall average within ten years. On the other hand,
for the developed countries these values are 15 percent and 36 percent, respectively.
The time period set for these reductions is six years.

Developing countries are able to offer ceiling-tariff rates in cases where
duties were not “bound” (i.e. committed under GATT or WTO regulations) before
the Uruguay Round WTO (2007). The least-developed countries (LDC) may not cut
their tariffs. Considering a rise in tariff rates due to tariffication, the rule of
“minimum entrance” requirement was introduced. With this rule, in the first year,
developed countries would import agricultural goods amounting to as much as 3
percent of their domestic consumption based on the 1986-88 period. This percentage
would rise to 5 percent after 6 years. For the developing countries, the minimum

access rate was 4 percent after 10 years (Sayin et. el., 2002)).

2) Export Subsidies: It is agreed that export subsidies, subsidy payments
from the budget and subsidized exports are to be decreased based on the 1986-90
period. Accordingly, in six years, developed countries will decrease the value of their

subsidies by 36 percent and their quantities by 21 percent, whereas developing
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countries will aim for 24 percent and 14 percent reductions, respectively, in ten

years.

3) Domestic Support: According to AoA, developed countries will reduce
the domestic supports that are subject to the list of commitments by 20 percent
within six years. For developing countries, a reduction of 13.33 percent was required
within ten years. LDCs are not subjected to make reductions. If the support by a
country for each of the products is not above a certain share of its total value of the
product, then there is no need for any reduction. This is “de minimis” and it amounts
to 5 percent for developed and 10 percent for developing countries (WTO, 1996:1;
Ay and Yapar, 2005).

Subsidies are categorized into different ‘boxes’ according to their potential to
distort trade (Figure 1). Three boxes are defined. The “Amber Box™ represents the
subsidies that are regarded as trade distorting, such as price support for producers.
WTO members are committed to making substantial reductions in their Amber box
subsidies. The “Blue Box™ contains subsidies that are considered to be less trade-
distorting than the Amber box subsidies. These are direct payments made under
production-limiting programs. The last, is the “Green Box”. Items that fall into this
box must have no or minimal trade-distorting effects. Green box subsidies are not
subject to subsidy reduction (WTO, 2007)".

After the Uruguay round, many meetings were held, but no agreement was
reached. The main controversy has been focused on tariff reduction and elimination
of agricultural subsidies. While the US wants the EU to reduce its tariffs, it insists on
giving subsidies itself. Especially the subsidies given to the farmers depress the
prices and this harms some other countries. On the other hand, the EU implements
high tariff rates. G-10 countries (Japan the most and Israel, Norway, Bulgaria etc.)
are opposed to trade liberalization. The group where Turkey is included (G-33)

emphasized the opportunity of setting special products. G-90 countries, which are

A summary of the “three pillars” of the AoA —market access, export subsidies, domestic supports-
can be found in Cakmak and Akder (1999).
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mostly the least developed countries, are those demanding application of the most
liberal policies and giving special treatment to the developing countries'.

At the end of 2001, a declaration was published in the Council of Ministers
Conference in Doha, Qatar (The Doha Ministerial (DM) Declaration). Accordingly,
member countries were to determine their commitments until the conference in
Cancun (Mexico) in September 2003 and up to January 2005 negotiations were to be
ended. But, this program was not realized. The situation today suggests that no

agreement can be reached until 2013.

5.1.1 Turkey’s Position and the WTO-Simulation

Turkey, related all its agricultural commodities to WTO, but did not go to
tariffication stating that it has no non-tariff barriers. The reasons for this are that
Turkey liberalized its trade primarily in the previous years and also commodities that
were not defined in 1986 arose (Cakmak and Akder, 1999). On the other hand, in
accordance with its commitments to WTO, Turkey has reduced its tariff rate ceiling
by 24 percent on average as of 2004. But, as can be seen in Table 5.1, although this
requirement was met, it was not reflected in the applied average tariff rates. In fact,
they are to be increased'®. This is due to Turkey increasing the protections to the
highest levels of WTO tariff commitments for many commodities (Ay and Yapar,
2005).

The WTO policies were aiming to have the average tariffs reduced. However,
the average applied tariff rates of Turkey did not decrease. WTO-Simulation
determines the affects of a real decrease in the average tariffs. This refers to an

average of 32 percent tariff rate reduction in 2003.

"> For country groups see ICTSD (2004)
' For tariff rates for different commodities see Cakmak et. al. (1999).
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Table 5.1: Turkey’s Average Agricultural Tariff Rates

Years | EU and EFTA | Other Countries Average
1994 43.64 46.03 44.84
1995 31.23 34.58 3291
1996 46.93 49.55 48.24
1997 50.60 51.60 51.10
1998 52.90 53.10 53.00
1999 52.00 53.10 52.55
2000 56.50 57.60 57.05
2001 55.60 56.60 56.10
2002 54.70 55.70 55.20
2003 54.40 55.40 54.90
2004 54.60 55.60 55.10

Source: DTM (2004).

5.1.2 Simulation Results

Turkey, according to the AoA, has reduced its agricultural tariff ceiling value
by 24 percent (each year 2.4 percent for ten years) from 1994 to 2004. However, as
seen in Table 5.2, the applied average tariff rate increased from 44.84 percent to
55.10 percent with fluctuations. Starting from 44.84 percent value in 1994 and
reduced by 24 percent more, the tariff value would be 20.84 in 2004. However, the
observed value in 2004 was 55.10. Therefore, the difference between the expected
value and the applied one is 34.26. When the same calculation is done for 2003, from
1994 to 2003 the reduction should be 2.4x9 = 21.60 which corresponds to a tariff
value of 23.24 (= 44.84-21.60) in 2003. However, the applied value in this year was
54.90 percent. The difference between the applied value and the required value of
23.24 is about 32 percent. This simulation tries to answer a “what if” question to
understand the situation when the applied tariff value is 23.24 instead of 54.90
percent. In WTO-Simulation, effects of a reduction in tariff rate, tm;, of a general 32
percent for all agricultural sectors is analyzed. All the values and percentage changes

are given in real terms.
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Tariff reduction in agriculture leads to a reduction in agricultural import
prices. In Table 5.2, the import price, PM, in cereal sector decreases from 1.00 to
0.89 which corresponds to an 11 percent decrease. The changes in the other sectors
are, 25, 28 and 30 percent for vegetable, fruit and other agriculture sectors,
respectively. Turkey has not much comparative advantage in the livestock sector.
Therefore, the other agriculture sector displays the largest price decrease (30
percent). Domestic prices, PD, slightly decreased for all of the sectors as displayed in

the Table except for the fruit and chemical sectors.

Table 5.2: Domestic and Import Price Changes

(Base = 1.00)
PX PM
C 0.997 0.891
\Y% 0.998 0.747
FR 1.000 0.716
OA 0.997 0.697
F 0.997 1.000

TE 0.997 1.000
CH 1.000 1.000
M 0.999 1.000
ONA 0.999 1.000

Table 5.3 displays the general results of the WTO-simulation in comparison
to the baser-run in real values. There is a real increase in the GDP value by 0.5
percent. Private and public incomes increase by around 0.4 and 1.2 percent,
respectively. Total real consumption rises from 656.757 to 660,798. Total production
also rises in both value and quantity terms. The share of agriculture in total
production decreases while the non-agricultural share increases. The volume of

agricultural production decreases from 44,375 to 43,315.
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Table 5.3: General Results of WTO-Simulation
(real, million TRY)

BASE-RUN WTO-SIM
GDP 358,700 360,455
Value of Production 601,885 605,473
Agriculture 60,216 58,950
Non-agriculture 541,669 546,523
Share of Agriculture (%) 10.0 9.7
Share of Non-Agriculture (%) 90.0 90.3
Volume of Production 281,861 281,877
Agriculture 44,375 43,315
Non-agriculture 237,486 238,562
Share of Agriculture (%) 15.7 15.4
Share of Non-Agriculture (%) 84.3 84.6
Total Consumption 656,757 660,798
Agriculture 70,608 70,946
Non-agriculture 586,149 589,852
Incomes
Private 308,459 309,697
Public 108,376 109,660
Total Trade
Imports 110,334 112,996
Exports 98,496 100,093

As agricultural imported goods become cheaper with the reduction of tariff
rates, agricultural imports increase (Table 5.4). The largest increase is observed in
the other agriculture sector, nearly threefold, as the world prices of livestock product
prices are much lower than the domestic prices. Non-agricultural imports also

increase, resulting in an overall real increase of about 2.4 percent in total imports.
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Table 5.4: Trade-Related Changes
(real, million TRY)

BASE RUN SIMULATION
NET NET
IM EX EXPORTS IM EX EXPORTS

(NE) (NE)

C 3,217.7 2,281.8 -935.85 4,346.3 2,204.0 -2,142
v 157.76 301.29 143.53 244.80 303.36 58.559
FR 32152 2,516.317 2,194.8 528.87 2,507.5 1,978.7
OA 408.56 22743 -181.13 1,171.4 223.76 -947.64
FR 2,698.5 5,086.4 2,387.8 2,700.7 5,149.0 2,448.3
TE 6,329.2 31,959 25,629 6,388.5 33,140 26,751
CH 42,080 10,128 -31,952 42,244 10,164 -32,080
M 11,619 8,035.8 -3,583.3 11,685 8,139.8 -3,544.9
ONA 43,502 37,961 -5,541.0 43,686 38,262 -5,424.4

Vegetable-sector export increases by 0.7 percent while other agriculture
sectors’ exports decline. As observed from Table 5.4, although Turkey remains to be
a net exporter in fresh fruits and vegetables, its net exports decline. The increase in
exports of non-agricultural sectors does not meet the increase in imports and this
results in about 9 percent deterioration in overall trade deficit.

The Armington specification makes it possible to decompose the overall
consumption into domestic and imported good consumption. Imported agricultural
goods become cheaper with the reduction in tariff rates. This leads to an increase in
consumption of these goods. Figure 5.1 shows the percentage shares of imported
goods in total consumption. It can be seen that the consumption of agricultural goods
shifted from domestic to imported goods. In fact, the share of agricultural imported
goods in the total agricultural consumption increases from 5.8 percent to 8.9 percent
in agricultural sectors. Changes in the percentage shares of the imported goods are
significant. Changes are 35, 54 and 63 percent for cereal, vegetable and fruit
consumptions, respectively. The largest change is for the other agriculture sector
from 1.8 to 5 percent corresponding to a 183 percent increase. On the other hand, for

non-agricultural sectors the total share of the imported goods remains almost the
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same. Changes in the percentage shares are negative, and are less than or equal to 1

percent.
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Figure 5.1: Percentage Shares of the Imports within the Total Consumption

On the supply side, domestic agricultural production declines, except for
vegetable production, while non-agricultural production increases. One can see the
percentage of increases in production in Figure 5.2. As mentioned before, only
agricultural sector for which exports increase is the vegetable sector. This results in
an increase in production in this sector. Although the shares of imported goods
within the total consumption of fruit increase, households do not change their
domestic consumption much. This leads to a relatively small decrease in fruit
production. On the other hand, changes in domestic consumption in other agricultural
sectors are much higher. The largest decline in production is in cereal production,
with a 4 percent decrease, as the domestic consumption declines the most for this
sector. Textile sector exhibits the largest production increase of about 3 percent as it

shows the largest increase in export.
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Figure 5.2: Percentage Increase in Domestic Production Compared to Base Run

Changes in the allocation of factors of production in each sector, in
comparison to a base-run value of 1 can be seen in Table 5.5. Water and land use in
agriculture declines as production reduces. There is a capital flow from agriculture to
non-agricultural sectors. Labor use in cereal productions and other agriculture
productions decrease. The excess supply of water increases from 95,000 to 109,304

billion m°.

Table 5.5: Changes in Input Use

(Base = 1.00)
SECTORS LABOR CAPITAL LAND WATER

C 0.9613 0.9541 0.9566 0.9566
A% 1.0049 0.9973 0.9999 0.9999
FR 1.0008 0.9933 0.9959 0.9959
OA 0.9805 0.9732 0.9757 0.9757
FR 1.0109 1.0033 1.0059
TE 1.0322 1.0245 1.0272
CH 1.0078 1.0002 1.0028
M 1.0114 1.0038 1.0065
ONA 1.0085 1.0009 1.0036
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To sum up, trade simulation results show that a 32 percent decrease in tariff
rates leads to a 0.5 percent increase in GDP, and 0.4 and 1.2 percent increase in
private and public income respectively. Consumers benefit from the decreasing
prices and increasing incomes. However, the model does not give any information
about the possible deteriorations in income distribution. Factors of production mostly
flow from agricultural sectors to others only, labor for fruit and vegetable production
increases. The vegetable sector is the only sector for which agricultural production
and exports increase. The overall foreign trade volume increases, but in the

agricultural sectors net export values decline.

5.2 Water-Simulation

Water as a public good plays an important role in the Doha Development
Round. One billion people in world do not have access to clean and affordable water
and 1.7 billion lack sanitation services (UN, 1997). This essential, but at the same
time, scarce resource should be considered carefully. “While the Doha Round talks
about access to markets, access to public goods is an even greater priority to
hundreds of millions of people in the Global South” (Drache, 2006; p. 9). So, the
water issue takes an important place in the international arena. The same is true for
Turkey.

Water tariffs are mostly set below its provision cost. This, not only leads to
wasteful use of it but also puts burden on the governments as mostly they can not
fully utilize even the operation and maintenance cost.

In Turkey, water policies are set by municipalities with various pricing
schemes for different cities. Water tariffs are determined by the Metropolitan
Municipality Council in accordance with “Tariff Regulations” defined by the
Council of each metropolitan municipality. By applying price differentiation,
municipalities are trying to ensure water saving (Sogesid, 2005). This may work as
applying higher water tariffs is considered to be one of the tools that may lead to
more efficient use of water. In fact, studies concerning water pricing and water user

rights (as Stringer and Wittwer (2001), Tirado et. al. (2003) and Diao and Roe
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(2003)) mostly indicate that increasing the price of water and/or introducing water
user rights or water markets can be effective in encouraging water saving.

In water-simulation here, the effects of an implementation of a selective water
tax are analyzed. In this respect, the water income of the government is added to the
model as some sort of tax collection from the non-agricultural water use. The

formulation is given as:

HTAX =nw) QH,

ina
ina

Here, QH,,, is the sectoral water use in non-agricultural sectors. Simulation results

are obtained by multiplying ttw, which is equal to 4.2, by 3. Results are given below.
5.2.1 Results of Water-Sim

The general results of the simulation are given in Table 5.6. Tripling the
water tax results in an increase in GDP from 358,700 to 358,781 which corresponds
to an increase of only about 0.02 percent. Increase in public water revenue results in
an overall increase in public revenue from 108,376 to 112,904, corresponding to a
4.3 percent increase. Being a constant proportion of the public revenue, public
consumption also increases. Private income, on the other hand, declines from
308,459 to 307,025 as a result of increasing tax burden on water usage.

Changes in private and public incomes lead to a decrease in private
consumption and an increase in public consumption. The overall effect on the total
consumption is a 0.02 percent increase from 656,757 to 656,876. Yet, the decline in
agricultural consumption results in a decrease in agricultural production, both in
value and volume terms. Sectoral changes in the value of production in comparison
to the base-run are displayed in Figure 5.3. It can be seen that production in
agricultural sectors and food and textile industries declines while there is smaller
increases in chemical, metal and other non-agricultural sectors. As can be seen in

Figure 5.4., all these changes can also be traced in the factor usage in these sectors.
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Table 5.6: General Results of Water-Simulation

BASE WATER-SIM1
GDP 358,700 358,781
Value of Production 601,885 602,003
Agriculture 60,216 60,048
Non-agriculture 541,669 541,955
Volume of Production 281,861 281,895
Agriculture 44,375 44,245
Non-agriculture 237,486 237,650
Total Consumption 656,757 656,876
Agriculture 70,608 70,405
Non-agriculture 586,149 586,471
Incomes

Private 308,459 307,025
Public 108,376 112,904

Total Trade
Imports 110,334 110,371
Exports 98,496 98,533

0.20

0.00

- [
TE CH M ONA
-0.10 -
-0.20
-0.30

-0.40

Figure 5.3: Percentage Change in Value of Production with respect to Base Run
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Factors are mobile across sectors and substitution is possible. This enables
factors of production to move from the sectors in which the production declines to
the others. On the other hand, substitution possibilities “smooth” the distribution of
factors, therefore, low figures are observed. With production reduction, all factors of
productions used in the agricultural sectors are declining with the increase in the
water tax. Laborers transfer from the agricultural sectors and from the food industry

to other sectors. Capital flows mainly to the metal and other non-agricultural sectors.
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Figure 5.4: Percentage Change in Use of Factors of Production

Water tax increase leads to a decline in water usage in all the agricultural
sectors together with food and textile industries. There are small increases in the
other sectors’ water use. Table 5.7 displays the sectoral water use. Total agricultural
water use declines from 296,000 to 295,172. Figure 5.5 displays the change in water
use compared to the base run. The largest decline is in the other agriculture sector,
from 29,600 to 29,548 and the largest increase is in the metal industry, from 57,769
to 57,800.
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Table 5.7: Sectoral Water Use (105 m3)

BASE WATER-SIM

C 59,200 59,126
v 103,60 103,43
FR 103,60 103,49
OA 29,600 29,548
F 17,803 17,773
TE 12,046 12,044
CH 9,3400 9,3420
M 57,769 57,800
ONA 8,0430 8,0470

1.002

1.001 +
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0.994 - 1 1 1 1 1 1 1 1
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Figure 5.5: Change in Water Use (Base = 1.00)

Exports decline for the agricultural sectors and food sector. Imports decline
for these sectors and also for the textile sector (Table 5.8). Agricultural imports
decline, but this is offset by the increase in non-agricultural imports leading to an
overall increase in total imports value. This increase is balanced by the increase in

exports, leaving the overall net exports unchanged.
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Table 5.8: Trade Volume

BASE RUN SIMULATION
NET NET
IM EX EXPORTS IM EX EXPORTS
(NE) (NE)
C 32177  2281.8 -935.85 3208.9 22774 -931.46

v 15776 301.29 143.53 157.24 300.38 143.14
FR 321.52 25163 2,194.8 320.83 2510.5 2,189.7
OA 408.56  227.43 -181.13 407.02 226.66 -180.36
F 2698.5  5086.4 2,387.8 2689.2 5069.7 2,380.5
TE 6329.2 31959 25,629 6320.5 31962.8 25,642

CH 42080 10128 -31,952 42098 10131 -31,967
M 11619 8035.8 -3,583.3 11628 8048 -3,580.6
ONA | 43502 37961 -5,541.0 43541 38007 -5,534.3

In summary, implementing a water tax results in an increase in public income
while a decrease in private income. Overall water use decreases for agriculture for
about 0.3 while non-agricultural water use increase only about 0.01 percent.
Agricultural sectors together with food and textile industry respond to selective water
tax by decreasing their water use. Other uses of factors of production and also
productions decline for these sectors. Though, in metal and chemical industries water
use is not decreasing as production in these sectors require certain amount of water
use and water demand is relatively inelastic for these sectors. Trade affect are quite
small. Both exports and imports of agricultural products decline while they increase

slightly for non-agricultural sectors. In overall, there is no change in total net exports.
5.3 Productivity Analysis

Increasing productivity in agriculture is important for Turkey in order for it to
increase its comparative advantage in the international arena. This is mostly

indicated in the studies concerning the EU-Turkey trade relations. In fact, Turkey is

far beyond EU in agricultural productivity. Studies on Turkey-EU relations (as Abay
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(2005), Cakmak and Kasnakoglu (2002)) mostly indicate that Turkey can not benefit
from CU enlargement or from an accession to EU unless it does not apply the
necessary structural change policies. This is true even for the sectors that Turkey has
a competitive advantage in, namely fruit and vegetable sectors.

In this study, both the trade and water simulations are analyzed for the case of
a total productivity increase in agriculture in order to see whether a productivity
increase can eliminate the negative effects of the tariff reduction and water tax on the
consumption and trade.

The productivity for constant returns to scale the Cobb-Douglas production

function in a perfectly competitive economy. Namely,
Y = AK“LTW” witha + B +y = 1.

A represents the technology parameter while K, L and TW are the capital, labor and
land/water composite used for production. Accordingly, the formulation below is

given for productivity growth:

SR
(d_Aj _dY _dK _ dL dTW 5.0)

Sg———8,——S
A y "k L 1w

Here, (dA/A)*} is the growth of value added after the contribution of inputs are
removed; the term referred to as the Solow Residual. The parameters sk, s, and srw
are the share of capital and labor inputs in value added respectively. Calculated

percentage changes are given in Table 5.9"7.

' The capital stock variable is taken from the study of Saygili et. al. (2005). Labor and land data is
obtained from TURKSTAT (2005), water values are taken from DSI, and finally the agricultural value
added is the World Bank, 2007 data. The sk and s; and sy parameters are calculated within the model
to be approximately, 0.4, 0.3, and 0.3, respectively. Productivity change for the period of 1993 to
2003 is calculated.
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Table 5.9: Results of the Productivity Calculations

dL/L dK/K |[dTW/TW | dY/Y dA/A
1993 -9.830 2.565 -0.145 -1.283 2.062
1994 12.10 -0.418 0.494 -0.725 -5.819
1995 3.041 2.209 -3.022 1.965 0.711
1996 1.971 3.883 0.568 4.400 2.151
1997 -4.558 5.193 -0.452 -2.337 | -2.004
1998 2.286 4.244 0.391 8.369 5.914
1999 -2.025 -0.365 -0.619 -4.991 -3.862
2000 -12.27 2.709 -1.576 3.857 8.543
2001 4.119 -0.175 -0.115 -6.508 | -8.160
2002 -7.801 -0.680 0.869 6.865 10.164
2003 -3.929 | -1.764 -2.081 -2.500 0.257

The geometric average of the figures in (dA/A)°® given in the Table is taken
as the change to be analyzed. Accordingly, an 18 percent cumulative increase in
productivity in agriculture is examined.

The results of WTO simulation with productivity increase are displayed in
Table 5.10. Productivity increase leads to a higher increase in both value and volume
of the production in the WTO simulation alone. While the value of agricultural
production declines with tariff reduction, an increase in productivity in agriculture
offsets declines and results in even a higher value than the base run.

Results show that productivity increase leads to a larger increase in GDP
values. While GDP increase without productivity to 360,455, it increases to 368,698
with productivity increase. This corresponds to a further about 2 percent increase in
GDP with tariff reduction. Comparing the trade simulation alone and the same
simulation with productivity, it can be seen that, productivity increase leads to a
further 2.4 percent and 1.3 percent increase in private and public incomes,

respectively.
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Table 5.10: General Results of WTO-Simulation with Productivity Increase

BASE WTO-SIM  PROD. INCREASE
GDP 358,700 360,455 368,698
Value of Production 601,885 605,473 624,906
Agriculture 60,216 58,950 70,901
Non-agriculture 541,669 546,523 554,005
Volume of Production 281,861 281,877 284,605
Agriculture 44,375 43,315 43,699
Non-agriculture 237,486 238,562 240,905
Total Consumption 656,757 660,798 682,221
Agriculture 70,608 70,946 80,400
Non-agriculture 586,149 589,852 601,820
Incomes

Private 308,459 309,697 317,096
Public 108,376 109,660 111,103

Total Trade
Imports 110,334 112,996 115,904
Exports 98,496 100,093 102,855

As observed in the Table 5.11, productivity increase in agriculture results in a
large decrease in agricultural prices. While tariff reduction alone leads to a price
decrease at most 1.3 percent for the other non-agricultural sector, with productivity
increase price decreases ranging from 0.4 to 17 percent can be observed. The largest
decline is observed for fruit products. Non-agricultural prices decline in the WTO
simulation while they increase in the productivity increase case except for the food
industry. However, both the agricultural and non-agricultural consumption increases
with one exception (cereal production in the first case, and metal industry in the

second).
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Table 5.11: Sectoral Price Changes with Productivity Increase

(Base=1.00)
PC PM
WTO-SIM PROD. WTO-SIM PROD.

C 0.994 0.897 0.891 0.891
\% 0.997 0.882 0.747 0.747
FR 0.998 0.829 0.716 0.716
OA 0.987 0.886 0.697 0.697
F 0.998 0.963 1.000 1.000
TE 0.995 1.004 1.000 1.000
CH 1.000 1.004 1.000 1.000
M 0.999 1.005 1.000 1.000
ONA 0.999 1.007 1.000 1.000

WTO simulation results show that with the reduction in tariff rates, Turkey
becomes a net importer for agricultural products, although it is a net exporter of fruit
and vegetable. But, productivity increase offsets this trade distortion and further
increases the net exports to a higher value than the base run. Results indicate that
especially for fruit and vegetable production there is an increase in comparative

advantage as the domestic prices decrease significantly and net exports improves
(Table 5.12).

Table 5.12: Sectoral Net Exports

BASE WTO  PROD

C -935.85 -2,142 -656
v 143.53 58.559  184.303
FR 2,194.8 1,978.7  3,869.7
OA -181.13 -947.64  -736.92
F 2,387.8 24483 33284
TE 25,629 26,751 25,728
CH -31,952 -32,080 -33,691
M -3,583.3 -3,544.9 -3,997.4
ONA -5,541.0 -5,424.4  -7,078.0
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Similar to the previous case, for the water simulation, productivity increase
leads to a further increase in GDP, total production and consumption (Table 5.13).
While water simulation leads to only about 0.1 real increase in GDP, increase in
productivity leads to an increase of about 3 percent. Increases in total value of
production and consumption rise from about 0.09 to 3.5 and from 0.08 to again 3.5
percent, respectively

As can be seen from the Table 5.13, import and export values also increase
further. Agricultural imports declines to even below the base run value. Though, non-
agricultural imports further increase, resulting in an overall increase in imports. Total
imports increase from 110,334 to 110,371 with water tax and it further increases to

113,613, corresponding to about 3 percent increase compared to base run.

Table 5.13: General Results of Water-Simulation with Productivity Increase

BASE WATER-SIM PROD. INCREASE
GDP 358,700 358,781 367,572
Value of Production 601,885 602,003 622,472
Agriculture 60,216 60,048 72,137
Non-agriculture 541,669 541,955 550,334
Volume of Production 281,861 281,895 284,995
Agriculture 44,375 44,245 44,585
Non-agriculture 237,486 237,650 240,410
Total Consumption 656,757 656,876 679,206
Agriculture 70,608 70,405 79,899
Non-agriculture 586,149 586,471 599,307
Incomes

Private 308,459 307,025 314,835
Public 108,376 112,904 114,659

Total Trade
Imports 110,334 110,371 113,613
Exports 98,496 98,533 101,570
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Non-agricultural exports are lower for the case of productivity increase then
the water simulation alone, but increase in agricultural exports are much higher than
this leading to an increase in overall exports of about 3 percent compared to the base
run. Large increase in exports of the agricultural products, in the case of productivity
increase, leads net exports to increase about two times while the net exports in non-

agricultural products declines (Table 5.14).

Table 5.14: Trade Values

Exports
Base Water-Sim Prod.
Agr. 5,327 5,315 8,620
Non-Agr 93,170 93,218 92,951
Imports
Base Water-Sim Prod.
Agr 4,105 4,094 3,795

Non-Agr 106,229 106,277 109,818

Net Exports
Base Water-Sim Prod.
Agr 1,221 1,221 4,824
Non-Agr -13,059 -13,059 -16,867

Simulation results show that a 18 percent productivity increase in agricultural
productivity leads to an increase in GDP and income values in both trade and water
simulations. Also, productivity improvement increases the value of production in

agriculture and leads to a significant improvement in agricultural net exports.
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CHAPTER 6

CONCLUSION

Water-related issues gain more and more importance over time in the
economy. Above all, water is an important economic asset. As a public good, water
is being sold below its provision cost and therefore it is usually used wastefully.

The production and management of usable water as a subject in economic
analysis is becoming more important. Therefore, in this thesis a model called
TURKWAT is developed as an attempt to build up a water-CGE model for Turkey.
The model is used to analyze two kinds of issues. The first is trade liberalization in
agriculture, which has given rise to a serious debate on the international platform.

Turkey is participating in these debates since it is a member of WTO and a
candidate country for the EU. In accordance to the WTO AoA, Turkey has made
commitments for tariff reduction in agriculture and has implemented them.
Nevertheless, utilization of the advantages of some specifications of the Agreement
has kept the applied average tariff rates high. In this first simulation, the
consequences of a reduction of applied average tariff rates are analyzed.

Trade simulation results in an increase in GDP and private income. Cheaper
imported goods, having access to the domestic market, lead to a price decrease and
an increase in total consumption.

Tariff reduction leads to an increase in imports of all sectors and a decrease in
exports for agricultural sectors except for vegetable production. Although Turkey
remains to be a net exporter for fruit and vegetable production, net exports for these
sectors are also in decline. The highest trade distortion is observed in the other
agriculture sector. This is due to the livestock sector for which Turkey is far beyond
especially the EU in pricing, quality and productivity.

Water is mostly priced even below its provision cost. This leads to wasteful

use of it, especially for irrigation purposes. This also puts a burden on the
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governments as usually they can not fully collect even the operation and maintenance
costs. Studies concerning water pricing and water user rights (as Stringer and
Wittwer (2001), Tirado et. al. (2003) and Diao and Roe (2003)) mostly indicate that
increasing the price of water and/or introducing water user rights or water markets
can be effective in encouraging water saving. In this study, the second issue
analyzed is the effects of an implementation of a selective water tax. In this respect,
the water income of the government is added to the model as some sort of tax
collection from the non-agricultural water use. The income effect of this kind of a
tax, together with its effect on the sectoral water use is analyzed.

Implementation of a selective water tax causes the private income to decline.
This in turn, results in a decrease in consumption and production in the agricultures,
the food and textile sectors. The increase in water prices is reflected in the water
usage and production of these “most-dependent” sectors. Water use in agriculture,
the food and textile sectors decreases while for metal, chemical and other non-
agriculture sectors it does not. The textile industry seems to be responsive to income
changes as households can shift their consumption from these products to some
others.

For metal and chemical products industries, water is used for various
purposes such as (a) raw material, (b) solvent for the reactions, (c) heat exchange, (d)
transportation, (e) cleaning etc. Therefore, a cut down in water consumption in these
two sectors is not technically feasible. Although water use is high, the cost of it
within their total costs is small. These sectors require relatively high investments and
their tendency to reduce production is low. Implementing a water tax does not lead
them to reduce their water use.

It is important for Turkey to achieve productivity increase in agriculture to
increase its competitiveness in the international arena. Turkey is far beyond the level
of, especially its biggest trade partner, EU, in agricultural productivity. Therefore, in
order the see the impact of productivity increase, the same simulations are repeated
under the total productivity increase in agriculture.

Results showed that productivity increase in agriculture leads to a further
increase in both GDP level and incomes. At the same time, it compensates the trade

distortions in agricultural sectors resulting from both simulations and even improves
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it significantly in the water simulation case. In fact, with tariff reduction, Turkey
becomes a net importer of agricultural products while improvement in productivity
increases net exports above the base run value. Water simulation implies no change
in net exports, but productivity improves it up to four times of its base run value.

Treating water as an economic value is gaining importance. Beyond the
consideration of water as an input, this issue must be extended towards forming a
water market, considering the cost of water collection and water pricing. Water uses
mostly can not be followed as unconscious well water use and unregistered water use
in the cities hamper determining the true water consumptions. Pricing water below its
cost results in waste of water and this not only leads to large water use but also harms
the soil. Not only for Turkey, but for the whole world, it is necessary to construct
models in order to take conscious steps in this vital concept. Modelers are aware of
this fact and many studies are performed for different countries. It is very important
to build up models that can serve specific policy recommendations. In this respect,
collecting water data as for example, the collection and distribution of water and
water consumption is very important. Senses of using water in a correct way must be
spread throughout the society, especially to the farmers. This must be considered all
the time, not just when there is water cuts in the cities. It is necessary to give
importance to the water user rights and it should be added to the models. Water
production must be explicitly included in the models and the effects of introducing
water markets must be analyzed.

It becomes important to analyze the effects of not only a water scarcity
scenario but also the climate changes. At the same time, it is important to consider
the difference between them. In a climate change scenario, if there is a draught, even
when it is possible to use enough water for irrigation, it may not be possible to obtain
the desired productivity. It is possible to add a rain parameter to the models in order
to analyze climate affects. Also, in foreign trade, it becomes important to save water
by importing relatively more water intensive products instead of producing them in
the domestic markets. This is considered in Middle East countries. Analyzing the

effects of such alternatives will be important in determining the future water policies.
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In further studies, water-extended CGE models for Turkey may be extended
to analyze the above options. We believe that these models can serve very useful

tools for policy makers to perform comprehensive water policies.
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APPENDICES

A. SECTORAL CORRESPONDENCE WITH I/0 TABLE AND
2003 SAM FOR TURKEY

Table A1: Sectoral Correspondence with I/0 Table

/O Sectors in I/0 Table Sectors in this model
NO:
01 Growing of cereals and other crops n.e.c. Growing of cereals and other crops n.e.c.
02 Growing of vegetables, horticultural specialties Growing of vegetables, horticultural
and nursery products specialties and nursery products
03 Growing of fruit, nuts, beverage and spice Growing of fruit, nuts, beverage and spice
crops crops
04 Farming of animals
05 Agricultural and animal husbandry service
activities, except veterinary activities Other Agriculture
06 | Forestry, logging and related service activities
07 Fishing
13 Production, processing and preserving of meat
and meat products
14 Processing and preserving of fish and fish
products
15 Processing and preserving of fruit and
vegetables
16 Manufacture of vegetable and animal oils and
fats
17 Manufacture of dairy products
Manufacture of grain mill products, starches
18 and starch products Food, beverage and tobacco
19 Manufacture of prepared animal feeds
20 Manufacture of bakery products
21 Manufacture of sugar
2 Manufacture of cocoa, chocolate, sugar
confert.& other food products n.e.c.
23 Manufacture of alcoholic beverages
24 Manufacture of soft drinks; production of
mineral waters
25 Manufacture of tobacco products
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Table A1: Sectoral Correspondence with I/O Table (Continue)

/O Sectors in I/O Table Sectors in this model
NO:
26 Manufacture of textiles
27 Manufacture of other textiles
28 Manufacture of knitted and crocheted fabrics
and articles
29 Manufacture of wearing apperel, except fur .
apparel Textile
30 Dressing and dyeing of fur; manufacture of
articles of fur
31 Tanning and dressing of leather; man.of
luggage, handbags, saddlery and harness
32 Manufacture of footwear
38 Manufacture of coke, refined petroleum
products
Manufacture of basic chemicals, plastics &
39 .
synthetics rubber
40 Manufacture of fertilizers and nitrogen
compounds
41 Manufacture of pesticides, other agro- hemical brod
chemicals and paints, varnishes Chemical products
4 Manufacture of pharmaceuticals, medicinal
chemicals &botanical products
Manufacture of cleaning materials, cosmatics
43 :
& man-made fibres
44 Manufacture of rubber products
45 Manufacture of plastic products
50 Manufacture of basic iron and steel
5 Manufacture of basic precious and non-ferrous Metal
metals
52 Casting of metals
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Table A1: Sectoral Correspondence with I/O Table (Continue)

/O Sectors in I/O Table Sectors in this model
NO:
08 Mining of coal and lignite
09 | Extraction of crude petroleum and natural gas
10 Mining of metal ores
11 Quarrying of stone, sand and clay
12 Mining and quarrying n.e.c.
33 Sawmilling and planing of wood
34 Manufacture of wood and of products of wood
and cork
35 Manufacture of paper and paper products
36 Publishing
37 Printing and servige gctivities related to
printing
46 Manufacture of glass and glass products
47 Manufacture of ceramic products
48 Manufacture of cement, lime and plaster
related articles these items
49 Cutting and finishing of stone and man. of non-
metallic mineral products n.e.c.
53 Manufacture of f{:lbricated metal products, Other non-Agriculture
tanks, reservoirs &steam generators
54 Manufacture of other fabricated metal
products; metal working service activities
55 Manufacture of general purpose machinery
56 Manufacture of special purpose machinery
57 Manufacture of domestic appliances n.e.c.
58 Manufacture of office, accounting and
computing machinery
59 Manufacture of electrical machinery and
apparatus n.e.c.
60 Manufacture of radio, television and
communication equipment and apparatus
61 Manufacture of medical, precision and optical
instruments, watches and clocks
62 Manufacture of motor vehicles, trailers and
semi-trailers
63 Building and repairing of ships, pleasure and
sporting boats
64 Manufacture of railway and tramvay

lokomotives and rolling stock
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Table A1: Sectoral Correspondence with I/O Table (Continue)

/0 Sectors in I/O Table Sectors in this model
NO:
65 Manufacture of aircraft and spacecraft
66 Manufacture of transport equipment n.e.c.
67 Manufacture of furniture
68 Manufacturing n.e.c.
69 Production, collectior} e.md distribution of
electricity
70 Manufacture of gas; distribut.ion of gaseous
fuels through mains
7 Collection, purification and distribution of
water
72 Construction
73 Sale, maintenance and repair of motor vehicles,
motorcycles; retail sale of fuel
74 Wholesale trade anc.l commission trade, except
of motor vehicles and motorcyles
Retail trade, except of motor vehicles and
75 motorcycles; repair of personel&household
goods
76 Hotels;camping sites and other provision of
short-stay accommodation
77 Restaurants, bars and canteens
78 Transport via railways
79 Land transport; transport via pipelines Other non-Agriculture
80 Water transport
81 Air transport
32 Supporting and auxiliary transport activities;
activities of travel agencies
83 Post and telecommnications
34 Financial intermedia}tion, exgept insurance and
pension funding
35 Insurance and pensioq funding, except
compulsory social security
86 Real estate activities
Renting of machinery and equip. without
87
operator and of personal & household goods
88 Computer and related activities
89 Research and development
90 Other business activities
91 Education
92 Health and social work
93 Activities of membership organizations n.e.c
94 Recreational, cultural and sporting activities
95 Other service activities
96 Public services
97 Ownership of dwelling
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Table A2:

SAM for Turkey (2003, billion TL)

Activities
C Vv FR OA F TE CH M ONA

C
A\
FR
OA
F
TE
CH
M
ONA
C 2365826.149 6459542.678 | 9725220.652 50722.692 196666.390 1.386 288964.820
\% 61581.016 1859.007 302738.150 2257.728 1008.029 1.562 594348.282
FR 0.161 442519.985 13852.842 2330711.242 8098.084 650.587 2.043 224849.383
0OA 909070.614 631642.614 66261.617 910656.070 2673709.415 978434.478 9423.121 520.675 1886020.046
F 10.852 1522054.081 | 8237074.462 385264.902 194599.785 570.129 5260387.022
TE 45220.406 2476.527 25570.744 304550.020 523371.763 | 12825540.000 | 317121.198 14583.335 1585668.811
CH 3043094.764 656378.115 227345.242 256889.805 2203993.923 | 2310059.732 | 9254120.038 653957.017 19291120.000
M 0.015 307.878 52597.344 8130.180 386337.785 6835592.077 | 16560720.000
ONA 3508144.231 | 1320410.691 | 564552.321 1640714.193 | 7948533.191 | 7323330.360 | 11351600.000 | 4491474.496 | 123948500.000
Labor 8707216.236 | 3711577.071 | 1251902.532 | 5063583.150 | 3220916.193 | 4373944.027 | 2388237.781 | 1491673.404 | 88362340.000
Capital 545126.346 3081548.865 | 4334326.798 | 6599528.464 | 9852439.454 | 3994035.473 | 10230430.000 | 547689.423 | 111974700.000
Water 296000.000 518000.000 518000.000 148000.000 178026.052 120459.562 93400.549 577688.162 80425.676
Land 7559245.477 849464.837 | 1151831.436 39510.590
Private
Public -4802017.469 | -2238731.319 | 2723518.650 | -4821891.641 | -3715966.502 | 26919687.055 | 10408124.639 | 5311919.523 | 4020264.731
Savings
ROW
Tot Exp | 22176926.753 | 8594359.445 |11305829.325] 18139157.136 | 43533365.337 | 59299965.660 | 44831719.081 | 19925673.230 | 374078278.395
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Table A2: SAM for Turkey (2003, billion TL) (Continue)

Commodities
C

\Y%

FR

OA

TE

CH

ONA

C

19895124.605

\

8293067.828

FR

8789512.237

OA

17911730.000

F

38446980.000

TE

27341250.000

CH

34703720.000

M

11889900.000

ONA

336117600.000

C

\

FR

OA

F

TE

CH

M

ONA

Labor

Capital

Water

Land

Private

Public

4743624.078

1743057.720

452817.198

4673195.817

6485510.793

-10476900.000

-21923800.000

728377.451

56607610.000

Savings

ROW

3217653.501

157764.210

321516.745

408559.226

2698541.427

6329216.570

42080470.000

11619050.000

43501590.000

Tot Exp

27856402.184

10193889.758

9563846.179

22993487.523

47631027.305

23193618.065

54860366.917

24237333.859

436226840.571
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Table A2: SAM for Turkey (2003, billion TL) (Continue)

Factors Agents Finan Acco Tot
Lab Cap Water Land Priv Pub Inv ROW Rec

C 2281802.148 | 22176926.753
\4 301291.616 8594359.445
FR 2516317.088 | 11305829.325
OA 227424.657 18139157.136
F 5086390.253 | 43533365.337
TE 31958711.142 | 59299965.660
CH 10127997.838 | 44831719.081
M 8035768.358 | 19925673.230
ONA 37960634.899 | 374078278.395
C 7305395.061 799464.977 664597.379 27856402.184
\4 8942252.340 210221.511 77622.133 10193889.758
FR 6082420.640 | 409440.702 51300.510 9563846.179
OA 14463673.650 58505.623 405569.600 22993487.523
F 31575356.424 | 331429.434 124280.214 47631027.305
TE 6742807.865 451321.237 355384.771 23193618.065
CH 15416385.964 | 1979265.928 | -432239.126 54860366.917
M 0.000 16099.845 377552.613 24237333.859
ONA 149057608.055] 44748749.742 | 80323190.000 436226840.571
Labor 118571386.000
Capital 163289826.333
Water 2530000.000
Land 9600052.340
Private | 98206548.581 |123424878.904| 340195.135 | 9600052.340 69967291.458 7970041.369 | 309509007.787
Public 20364837.419 | 27734895.089 | 2189804.865 -19197560.454 445601.423 | 108375995.009
Savings 88070696.269 | -21043503.991 14920066.722 | 81947259.000
ROW 1049971.972 | 10447708.542 121832047.514
Tot Exp ] 118571386.000] 163289826.333] 2530000.000 | 9600052.340 ]309509007.787]108375995.009] 81947259.000 | 121832047.514




B. THE MODEL

GLOSSARY:
Sectors:
C Growing of cereals and other crops n.e.c.
\% Growing of vegetables, horticultural specialties and nursery products
FR  Growing of fruit, nuts, beverage and spice crops
OA  Other agricultural sectors
F Food, beverage and tobacco
Textile
CH  Chemical products
M Metal
ONA Other non-agricultural sectors
Parameters:
cles; SECTORAL CONSUMPTION SHARES
gcr GOVERNMENT CONSUMPTION RATIO (OF GDP)
gles; SECTORAL GOVERNMENT CONSUMPTION DEMAND
idles; INVESTMENT DEMAND SHARES
tac; ACTIVITY TAX RATE
tcap CAPITAL TAX RATE
tcomr; COMMODITY TAX RATE
tm; TARIFF RATE
tpyr PAYROLL TAX RATE
trem REMAINDER TAX RATE
ttr GOVERNMENT TRANSFER EXPENDITURE RATIO(OF GDP)
ttw WATER TAX RATE

ttwa;

WATER IN L-W
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Variables:

CAPTAX
CG;

DG;
ESTW
ESW

EX;

FIP
FSAV
GCON;
GDP

GPRMBAL

GREV
GSAV
HTAX
IM;
INT;
INV;

PFTR
PINDEX
PISB
PM;

CAPITAL TAXES
COMPOSITE GOOD CONSUMPTION
DOMESTIC SALES OF DOMESTIC GOOD

EXCESS SUPPLY OF LAND/WATER COMPOSITE

EXCESS SUPPLY OF WATER

EXPORTS

FOREIGN INTEREST PAYMENTS
FOREIGN SAVINGS

SECTORAL GOV CONSUMPTION
GROSS DOMESTIC PRODUCT
PRIMARY BUDGET BALANCE

PUBLIC REVENUE

PUBLIC SAVING

WATER TAX

IMPORTS

INTERMEDIATES

SECTORAL INVESTMENT

CAPITAL STOCK LEVEL

CAPITAL SUPPLY

LABOR DEMAND

LABOR SUPPLY

PRIVATE SAVINGS RATE

NET PRIVATE FACTOR PAYMENTS TO ROW
NET PRIVATE FACTOR INCOME FROM ROW
COMPOSITE GOOD PRICES

DOMESTIC GOODS’ PRICE

DOMESTIC PRICE OF EXPORTS

PUBLIC FOREIGN TRANSFERS

PRICE INDEX

PUBLIC SAVING INVESTMENT DEFICIT
DOMESTIC PRICE OF IMPORTS
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PRCON;
PRSAV
PTW

PVA;

PX;
PYRTAX
QH;

QT;
REMTAX
RK
RKDIST;
STW(sf,IA)
STWN
TACTTAX
TARREV
TCOMTAX
TGCON
TINV
TOTGINV
TRANS
TWDIST;,
TWi,
TWSUP
VWATER
W
WATSUP
WDIST;
WTDIST;
XS;

Y

SECTORAL PRIVATE CONSUMPTION
PRIVATE SAVING

AVERAGE PRICE OF LAND/WATER COMPOSITE
VALUE ADDED PRICE

GROSS OUTPUT PRICE

PAYROLL TAX

QUANTITY OF WATER

QUANTITY OF LAND

OTHER PUBLIC INCOME

NOMINAL PROFIT RATE

SECTORAL PROFIT RATE DIFFERENTIALS
AVERAGE SUBFACTOR PRICES
NON-AGRICULTURAL AVERAGE WATER PRICE
ACTIVITY TAXES

TARIFF REVENUE

COMMODITY TAXES

TOTAL GOVERNMENT CONSUMPTION
TOTAL INVESTMENT

TOTAL PUBLIC INVESTMENT

PUBLIC TRANSFERS TO HOUSEHOLDS
LAND/WATER COEFFICIENT

LAND/WATER DEMAND

LAND/WATER SUPPLY

TOTAL WATER FACTOR INCOME

NOMINAL WAGE RATE

WATER SUPPLY

SECTORAL WAGE DIFFERENCE COEFFICENTS
SECTORAL WATER COEFFICIENT

GROSS OUTPUT

PRIVATE INCOME
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MODEL EQUATIONS

DEFINITION OF DOMESTIC IMPORT PRICES
Pm; = Pwm,ER(1+1tm,)

DEFINITION OF DOMESTIC EXPORT PRICES
Pe, = Pwe, ER(1—te,)

VALUE OF DOMESTIC SALES
Pc;-CC, =(+tcomr,)(Pd,DC; + Pm.IM ,)

VALUE OF SECTORAL OUTPUT
Px,- XS, = Pd.DC, + Pe EX,

VALUE ADDED PRICE
10 ..
PVA. = Px.(1-tac,)— Y Pc.—~
i i ( i ) g Jj XS[
PRICE INDEX

PINDEX = PWTS, * PC,

SUBFACTOR PRICE
PTW TWDIST, TW,, = STW

ia wa,ia

‘QHia + STWla,ia QY;a
PRODUCTION ENC

Agricultural Production:

XS, = AK LITW, ™" [i=C,V,FR, OA
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Non-Agricultural production:

XS, = AKFLPH, " |i=F,T,CH,M, ONA

LABOR:
W WDIST, .L, = 8, PVA,XS,

CAPITAL:
RK.RKDIST,.K, = . PVA. XS,

WATER:

Agricultural:

QH, =ttwa,TW, i=C,V,FR, OA

Non-agricultural:

STWN WTDIST,QH, = (1—a, — B,)PVA.XS, ,i=F, T, CH, M, ONA

LAND
PTW.TWDIST, QH, = (1—a, — B,)PVA.XS, ,i=C, V,FR, OA

AGRICULTURAL LAND DEMAND
OT, =TW,-QH, ,i=C,V,FR, OA

LABOR MARKET EQUILIBRIUM
> L =LSUP

CAPITAL MARKET EQUILIBRIUM
> K, =KSUP
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WATER MARKET EQUILIBRIUM
ESW =WATSUP - QH,

WATER/LAND COMPOSITE MARKET EQUILIBRIUM
ESTW =TWSUP-Y'TW, ,i=C,V,FR, OA

TOTAL WATER FACTOR INCOME
VWATER = STW,

wa,ia

QH, + z STWN WTDIST, ,.QH, ,

ina

GROSS OUTPUT-EXPORTS FRONTIER
XS, = AT,(BT,EX " +(1-BT,)DC}")"'*"

EXPORT SUPPLY

EX, :(Pei _1_BTI~ )by
DC, Pd; BT,

l

COMPOSITE GOOD AGGREGATION FUNCTION (ARMINGTON)

CC, = AC,[BC,(IM, +TAR,) ™ +(1- BC))(DC, + VAT, " | """

F.O.C. FOR COST MINIMIZATION OF COMPOSITE GOOD

IM,(+im) _ Pd; _BC,
DC,+VAT,  Pm. 1-BC,

)1/(l+77,-)

GOVERNMENT REVENUE
GREV =TACTTAX +TCOMTAX + PYRTAX + CAPTAX + REMTAX + HTAX + PFTR

INDIRECT TAXES ON DOMESTIC PRODUCTION
TACTTAX = tac,PX XS,
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TOTAL COMMODITY TAXES
TCOMTAX =Y tcomr,(PM, *IM , + PD, * DC,)

TARIFF REVENUE
TARREV, =Y tm,PM ,IM,

CORPORATE TAXES
CAPTAX = tcap.RK RKDISTK,

PAYROLL TAXES
PYRTAX = 1pyrW WDIST, L,

REMAINDER TAXES
REMTAX =tremY

WATER TAX
HTAX =1tw)_ OH,

ina
ina

PRIVATE INCOME
Y= Z[(l —tpyr) W WDIST..L, + (1—-tcap).RK.RKDIST, K]
+(VWATER — HTAX)

+ z Sma,ia 'QT;‘a

+TRANS + NPFI — NPFE

TOTAL PUBLIC CONSUMPTION
TGCON = GCR *GREV
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GOVERNMENT CONSUMPTION BY SECTORS
PC,.GCON , = GLES , TGCON

PRIVATE CONSUMPTION BY SECTORS
PC,.PRCON , = CLES,.(1- MPS).Y .(1— trem)

TOTAL INTERMEDIATE USES
INT, =Y "10,XS,
i

GROSS DOMESTIC PRODUCT
GDP = PC,(PRCON, + GCON, + INV,) + PWE,EX, - PWM ,IM,

HOUSEHOLD SAVINGS
PRSAV = MPS (1—trem)Y

PUBLIC SAVINGS
GSAV =GREV —TGCON —TRANS - FIP

PUBLIC TRANSFERS
TRANS = ttr.GREV

INVESTMENT DEMAND BY SECTOR OF ORIGIN
PC.INV, = IDLES . TINV

PUBLIC SAVING INVESTENT BALANCE
PISB =TOTGINV - GSAV

PRIMARY BALANCE AS A RATIO TO THE GDP
GPRMBAL = GPRBR * GDP
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DEFINITION OF GOV PRIMARY BUDGET BALANCE
GPRMBAL = GREV —TGCON —TOTGINV — INTRSRAT *TRANS

WALRAS LAW
GSAV + PRSAV + FSAV =TINV

COMMODITY BALANCE
CC, = INT, + PRCON, + GCON, + INV,

CURRENT ACCOUNT BALANCE
> PMIM,+ NPFE + FIP = Y PE,EX,+ FSAV + NPFI + PFTR

MODEL RESTRICTIONS:

Fixed Values:

LSUP, KSUP, TWSUP,

WDIST, RKDIST, WTDIST, TDIST,

FIP, NPFI, NPFE, PFTR,

WDIST, RKDIST, WTDIST, TWDIST, STWN
PTW

STW("wa",IA)

Model Closure:
MPS and FSAYV are exogenous.
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C. SIMULATION RESULTS

Table C1: General Outlook of Simulation Results (Base=1.00)

WTO-SIM  PROD-WTO WATER-SIM1 PROD-WATER

NOMGDP 1.0049 1.0279 1.0002 1.0247
Y 1.0040 1.0280 0.9953 1.0207
GREV 1.0118 1.0252 1.0418 1.0580
PRIVCON 1.0062 1.0502 0.9954 1.0404
TGCON 1.0118 1.0252 1.0418 1.0580
L .C 0.9613 0.9577 0.9980 0.9923
L.V 1.0049 0.9693 0.9971 0.9649
L .FR 1.0008 1.1112 0.9984 1.1123
L .OA 0.9805 0.9274 0.9969 0.9433
L .F 1.0109 1.0729 0.9972 1.0623
L .TE 1.0322 0.9970 1.0001 0.9718
L .CH 1.0078 1.0031 1.0010 0.9995
L M 1.0114 0.9737 1.0015 0.9670
L .ONA 1.0085 1.0028 1.0015 0.9990
K .C 0.9541 0.9518 0.9972 0.9899
K.V 0.9973 0.9634 0.9964 0.9625
K .FR 0.9933 1.1045 0.9976 1.1096
K .OA 0.9732 0.9218 0.9961 0.9410
K F 1.0033 1.0664 0.9965 1.0597
K .TE 1.0245 0.9909 0.9994 0.9694
K .CH 1.0002 0.9970 1.0002 0.9970
K M 1.0038 0.9677 1.0008 0.9646
K .ONA 1.0009 0.9967 1.0007 0.9966
Qt .C 0.9566 0.9654 0.9975 1.0206
Qt .V 0.9999 0.9771 0.9966 0.9924
Qt .FR 0.9959 1.1203 0.9979 1.1440
Qt .0OA 0.9757 0.9350 0.9964 0.9702
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Table C1: General Outlook of Simulation Results (Base=1.00) (Continue)

WTO-SIM  PROD-WTO WATER-SIM1 PROD-WATER

WT .C 0.9566 0.9654 0.9975 1.0032
WT .V 0.9999 0.9771 0.9966 0.9755
WT .FR 0.9959 1.1203 0.9979 1.1245
WT .0A 0.9757 0.9350 0.9964 0.9537
WT .F 1.0059 1.0816 0.9967 1.0740
WT .TE 1.0272 1.0051 0.9996 0.9825
WT .CH 1.0028 1.0112 1.0005 1.0105
WT M 1.0065 0.9816 1.0010 0.9776
WT

.ONA 1.0036 1.0110 1.0010 1.0101
CC .C 0.9977 1.1163 0.9976 1.1174
CcC.v 1.0070 1.1549 0.9967 1.1448
CC .FR 1.0065 1.2021 0.9978 1.1927
CC .0A 1.0117 1.1322 0.9964 1.1175
CC .F 1.0059 1.0665 0.9966 1.0582
CC .TE 1.0204 1.0209 0.9992 1.0032
CC .CH 1.0038 1.0335 1.0004 1.0316
CC .M 1.0075 1.0117 1.0010 1.0067
CC .ONA 1.0059 1.0227 1.0010 1.0193
XS .C 0.9609 1.1560 0.9977 1.1971
XS .V 1.0032 1.1648 0.9968 1.1593
XS .FR 0.9971 1.3343 0.9978 1.3366
XS .0A 0.9783 1.1119 0.9964 1.1310
XS .F 1.0072 1.0888 0.9966 1.0789
XS .TE 1.0306 1.0135 0.9998 0.9876
XS .CH 1.0037 1.0176 1.0004 1.0149
XS M 1.0108 0.9930 1.0013 0.9856
XS .ONA 1.0063 1.0188 1.0011 1.0149
EX .C 0.9659 1.4454 0.9981 1.4912
EX .V 1.0069 1.4881 0.9970 1.4763
EX .FR 0.9965 1.7667 0.9977 1.7685
EX .0OA 0.9839 1.4008 0.9966 1.4173
EX .F 1.0123 1.1771 0.9967 1.1606
EX .TE 1.0370 1.0088 1.0001 0.9779
EX .CH 1.0035 1.0024 1.0003 0.9990
EX M 1.0129 0.9807 1.0015 0.9716
EX .ONA 1.0079 1.0032 1.0012 0.9976
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Table C1: General Outlook of Simulation Results (Base=1.00) (Continue)

WTO-SIM  WATER-SIM1  PROD-WTO PROD-WATER
IM .C 1.3508 1.2290 0.9973 0.9041
IM .V 1.5517 1.6736 0.9967 1.0768
IM .FR 1.6449 1.7914 0.9979 1.0890
IM .OA 2.8671 2.5835 0.9962 0.8963
IM .F 1.0008 0.9852 0.9966 0.9825
IM .TE 1.0094 1.0291 0.9986 1.0206
IM .CH 1.0039 1.0419 1.0004 1.0404
M M 1.0056 1.0223 1.0008 1.0188
IM .ONA 1.0043 1.0381 1.0009 1.0365
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E. TURKISH SUMMARY

Bu calismanin amaci, Tiirkiye i¢in suyu bir iiretim faktorii olarak ele alan bir
Hesaplanabilir Genel Denge (HGD) modeli kurmaktir. Model, ii¢ c¢esit benzetim
(simulation) yapmak {izere kullanilmistir. Bunlardan ilki tarimda tarife indiriminin
etkilerinin incelendigi DTO benzetimi, ikincisi ise su politikalar1 ile ilgili olan su
benzetimidir. Burada, tarim dis1 kesime su kullanimlari iizerinden alinan bir ¢esit su
vergisinin uygulanmasinin etkileri degerlendirilmistir. Son olarak, bu iki benzetim
tarimda bir verimlilik artis1 olmasi durumunda yeniden analiz edilmistir.

Hesaplanabilir genel denge (HGD) modelleri tiim ekonomiyi ilgilendiren
politika analizleri yapmakta etkindirler. Cok sektorlii bir HGD modeli, iiretim
aktiviteleri, iiretim faktorleri, hanehalklari, kamu kesimi ve dis diinyanin karsilikli
etkilesimlerini kapsar. Bu sayede, politika degisiklikleri ve ekonomik soklarin sadece
dogrudan degil dolayli etkilerini de analiz etmemize olanak saglarlar. Bu
ozellikleriyle HGD modelleri su ile iliskili konularin analizi icin en uygun
yontemlerden biridir.

Su kaynaklar1 diinya tizerinde dengesiz dagilmislardir. Bazi bolgelerde
mevcut su kaynaklarinin kii¢iik bir kismi su talebini karsilamaya yeterken bazilarinda
cok ciddi su kith@ yasanmaktadir. Diinya iizerinde bir milyar insanin kaliteli su
kaynaklarina erisemedigi hesaplanmaktadir. Bu da, bu kisith kaynagin en etkin bir
bicimde kullanilmasim1 zorunlu hale getirmektedir. Bu baglamda, ekonomik
politikalar belirlenirken bunun su kaynaklari iizerine olan etkilerinin de géz Oniinde
bulundurulmasi giin gecgtikce onem kazanmaktadir. Konu uluslararasi platformda da
onemli yer tutmaktadir. Kaynaklarin dogru kullanimi ve toplumlarin refah ve saghgi
baglaminda Doha Kalkinma Giindemi’ne de konu olmustur.

Doha Kalkinma Giindemi, Diinya Ticaret Orgiiti (DTO) biinyesinde
yiiriitiilen ¢ok tarafli ticaret miizakerelerinin bir parcasidir. Miizakerelerin temel

amaci, uluslararasi ticaretin Oniindeki engelleri kaldirarak karsilikli olarak iiriinlere
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erisimi kolaylastirmak, diinya fiyatlarinin diigmesine zemin hazirlamak ve bu sayede
gelismis {iilkelerin korumact politikalarindan zarar goren gelismekte olan iilkelere
yardimc1 olmak ve oOzellikle az gelismis iilkelerdeki yoksullugu azaltmaktir. Bu
gorlismelerin temel ayaklarindan biri de tarim miizakereleridir.

Tarimda tarife indirimi uzun zamandir uluslararasi platformda ciddi
tartismalara  neden  olmaktadir. Genel anlamda  uluslararast  ticaretin
serbestlestirilmesi tartigmalarinin i¢inde degerlendirilen bu konu, iilkeler arasinda
anlagsmazliklara neden olmaktadir. Uluslararasi ticaretin serbestlestirilmesi, II. Diinya
Savast sonrasindan beri siklikla tartisilan bir konudur. GATT anlagmasiyla resmiyet
kazanan miizakereler DTO’niin kurulmasiyla kurumsal bir yapiya kavusmustur.

1930’1u yillarda yasanan ekonomik bunalimin, “Biiyiik Buhran™’in ardindan
iilkeler kendi iclerine kapanmis diinya ticareti durma noktasina gelmistir. Ulke
ekonomilerinin bu durumdan zarar goreceginin anlasilmasi iizerine 1940’larin
basinda serbest ticaretin yararlari lizerinde durulmaya baslanmistir. Bunun sonucu
olarak 1994 yilinda ABD’nin Bretton Woods kasabasinda bir konferans
diizenlenmistir. Konferansta, dis 6demelerdeki dengesizlikler, uluslararasi rezerv
sorunlari, uluslararasi yatirrmlarin yonlendirilmesi gibi mali konularin yaninda diinya
ticaretinin serbestlestirilmesi iizerinde de durulmustur. Goriismeler sonucunda elli
ilke temsilcisi tarafindan, uluslararasi ticaretin serbestlestirilmesi icin, “Uluslararasi
Ticaret Orgiitii” (ITO) adinda bir 6rgiitiin kurulmasi karara baglanmis; ancak hayata
gecirilmesi miimkiin olmamistir. ITO kurulana kadar belirli mallarda tarife
indirimine gidilebilmesi i¢in gegici olarak imzalanan Giimriik Tarifeleri ve Ticaret
Genel Anlasmasi (GATT) uygulamaya gegirilemeyen orgiitiin yerini almis, gegici
nitelikte diisiiniilmiis olmasina ragmen 1948- 94 yillar arasinda yiiriirliikkte kalmis ve
uygulanmustir.

GATT 1n temel ilkeleri geregi iiye iilkeler tarife dist korumalarin1 bazi
istisnalar diginda tiimiiyle kaldirmak, ithalat kisitlamalarini tarifelere doniistiirmek
(tarifikasyon) ve bu tarifeleri de zaman icerisinde diisiirmekle yiikiimliidiirler. Her
ilkenin belirledigi bagli oranlar (band rates) bulunmakta ve iilkeler uygulamada bu
oranlarin iistiine ¢cikamamaktadir. Bunun yaninda iilkeler ticari partnerleri arasinda

ayrim yapamaz. Bir iiye iilke herhangi bir iilkeye ayni mal icin esit uygulama

129



yapmak durumundadir; ayrica iilkeler i¢ pazara iliskin diizenleme ve uygulamalar
yoniinden ithal ve yerli mallar arasinda ayrim yapamazlar.

1948 yilindan sonra GATT cercevesinde 4 adet konferans ve 4 adet cok
tarafl ticaret miizakeresi (Round) yapilmistir. Bunlarin sonuncusu “Uruguay Round”
olarak adlandirilan 1986-93 yillar1 arasindaki goriismelerdir. Uruguay Oncesi
goriismelerde tarifelerin indirilmesi giindemdeyken bu goriismelerde tarife
indirimleri yaninda diinya ticaretindeki kural ve disiplinlerin giiclendirilmesine
yonelik tiim iilkelerin de taraf oldugu anlasmalar kabul edilmistir.

Uruguay Round sonunda 15 Nisan 1994’te Marakesh Sart1 imzalanmistir. Bu
anlasma geregi GATT, 01.01.1995 tarihi itibariyle yerini DTO’ye birakmustir. Ayni
anlasma kapsaminda 28 baska anlagsmanin yaninda Tarim Anlasmasi (TA)
imzalanmistir. Bu anlasmanin temel ilkeleri sunlardir:

1) Pazara giris: Bu ilkeye gore, iilkelerin tarim iriinlerine uygulanan tarife
dis1 tedbirleri tarifeye doniistiirmesi ve bu islem sonucunda ortaya ¢ikan tarifeler goz
oniinde bulundurularak 1 Eyliil 1986 tarihinde gecerli olan tarifeler iizerinde indirim
taahhiidiinde bulunmalar1 6ngoriilmiistiir.

Anlagma geregi gelismekte olan iilkeler (GOU) 10 yil icinde her bir tarim
iriinlinde en az %10, toplamda ise ortalama %24 indirim taahhiidiinde
bulunmaktadirlar. Bunun yani sira gelismis iilkeler (GU) iginse bu oranlar sirasiyla
%15 ve %36’dir. GU’ler indirim siiresi 6 yildir. GOU’lere daha 6nce GATT taviz
listesinde yer almayan iiriinlerde 1986 yili tarife hadlerinden daha yiiksek oranlar
konsolide ederek indirime tabii tutma imkani taninmustir. “Tavan konsolidasyon”
denen bu imkan GU’lere tammmamistir. Az gelismis iilkeler (AGU) ise indirim
taahhiidiinde bulunmama olanagina sahiptirler. Tarifikasyon sonunda uygulanacak
tarifelerin ylikselecegi g6z Oniinde bulundurularak pazara giris kolayliklarinin
korunmasi ve ithal iriinlerin pazara giris paymn i¢ tilketimin %3’iinden diisiik
oldugu durumlarda asgari giris tarife kontenjanlarinin (diisiiriilmiis tarife
oranlarindan) olusturulmasi saglanmaktadir. Bu asgari giris tarife kontenjanlarinin
uygulama doneminde %5’e ¢ikarilmasi kabul edilmistir.

2) Thracat Siibvansiyonlar:: 1986-90 donemi esas alinarak ihracat
siibvansiyonlari, biitgeden ayrilan siibvansiyon harcamalar1 ve siibvansiyonlu ihracat

miktarlarinin  azaltilmas1 karara baglanmistir. Bu baglamda, 6 yilda GU’ler
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siibvansiyon degerlerini %36, miktarin1 ise %21 azaltilirken GYU’ler 10 yilda
sirastyla %24 ve %14 indirime gidecektirler.

3) i¢ Destekler: Tarim Anlasmasi’na gére GU’ler indirim taahhiitlerine konu
olan i¢ desteklerini 6 yil icinde %10 oraninda, GOU’ler 10 yil iginde %13.33
oraninda  azaltmak  durumundadir. AGU’ler icinse indirim taahhiidii
gerekmemektedir. Bunun yaninda, bir tilkenin iireticilerine her bir iiriin i¢in sagladigi
destek, toplam iiriin degerinin belli bir oranmim1 ge¢miyorsa destekleme indirim
taahhiidii istenmemektedir. Bu uygulamaya “de minimis” denmektedir. S6z konusu
oranlar GU’ler icin %5, GOU’ler iginse %10’ dur.

Uruguay Turundan sonra pek ¢ok toplanti diizenlenmis; ancak hicbirinde bir
anlagsmaya varilamamistir. Bunun temel nedeni ise tarife indirimi ve tarimsal
desteklerin kaldirilmasi konularinda uzlagsmaya varilamamis olmasidir. ABD, AB’nin
tarifelerini indirmesini isterken kendisi ciftcilere tesvik vermeye devam etmektedir.
Bu tesvikler nedeniyle diisen fiyatlarla diger bazi iilkeler rekabet edememektedir.
Diger yandan da AB iilkeleri yiiksek tarifeler uygulamaya devam etmektedir. G-10'®
ilkeleri tarimda liberalizasyona kars1 ¢ikarken, Tiirkiye’nin de i¢inde bulundugu G-
33 lilkeleri o6zel iiriin belirleme opsiyonu iizerinde durmaktadir. Az gelismis
tilkelerden olusan G-90 grubu ise daha liberal politikalarin uygulanmasim
savunmakta ve gelismekte olan iilkelere 6zel imkanlar taninmasini istemektedirler'”.

2001 yili sonunda Doha’da yapilan Bakanlar Konferansinda yayinlanan
deklerasyon ile iiye iilkeler Eyliil 2003’te Cancun (Meksika)’da yapilacak konferansa
kadar taahhiitlerini belirleyeceklerdi ve 1 Ocak 2005 tarihi itibariyle de
miizakerelerin  sonuclanmast  planlanmaktaydi. Ne var ki bu program
gerceklestirilememis, goriismeler giiniimiize kadar uzlagsma saglanamadan siirmiistiir.
Gelinen son noktada, uluslararasi gelismelere bakildiginda olas1 bir uzlasmanin 2013
yilindan 6nce olmasi miimkiin gériinmemektedir.

Tim bu siirecin icinde Tiirkiye de anlagsmalar geregi iizerine diisen
sorumluluklar1 yerine getirmistir. Tiim tarimsal iiriinlerini DTO ile iliskilendirmis,

ancak tarife dis1 engellerinin olmadigini belirterek tarifikasyona gitmemistir. Bunun

'8 Japonya basta olmak iizere Israil, Norveg, Bulgaristan’in da i¢inde bulundugu 10 iilkeden olusan bir
gruptur.
" Ulke gruplari icin bakiniz ICTSD (2004).
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nedeni Tirkiye'nin Onceki yillarda dis ticaretini serbestlestirmesi ve 1986’da
tanimlanmamis olan mallarin ortaya ¢cikmis olmasidir. Diger yandan, goriismeleri en
cok ¢ikmaza siiriikleyen konulardan biri olan tarimda tarife indirimi konusunda da
gelismekte olan iilkeler icin Ongorillen %?24’°liikk indirim taahhiidiinii yerine
getirmigtir. Ancak bu indirim uygulanan tarifelerde bir gerileme getirmemistir.
Uygulanan tarifeler 1994 yilinda 44,84 iken bu 2003’te 54,90 ve 2004’te 55,10
olmustur.

Bu calismada, ilk olarak DTO goriismeleri geregi diisiiriilen tavan tarifelerin
uygulanan ortalama tarifelerde bir diisiise neden olmasi durumu incelenmistir.
Uygulanan ortalama tarifelerde, 1994- 2004 yillar1 arasinda her yil i¢in %?2,4 olmak
izere toplamda yiizde 24 olmas1 6ngoriilen indirim, 2003 yilina gelindiginde toplam
yiizde 21,60 (= 24-2,4) oraninda bir indirim yapilmis olmasi anlamina gelmektedir.
Bu durumda, bu indirim tavan tarife oranlart i¢cin degil uygulanan tarifeler i¢in
ongoriilmiis olsaydr 2003 yilinda uygulanan ortalama tarife 23,24 (= 44,84-21,60)
olmaliydi. Oysa yukarda belirtildigi gibi 2003 yilinda uygulanan ortalama tarim
tarifeleri 54,90 olmustur. Bu durumda, ortalama uygulanan tarifelerde yiizde 21,60
oraninda bir indirim elde etmek, uygulanmis olan 54,90 degeri iizerinden yaklasik
yiizde 32’lik bir indirim yapmaya karsiik gelmektedir. Bu nedenle, DTO
benzetiminde tarim tarifeleri %32 oraninda azaltilmistir.

Uluslararas1 diizeyde 6nem kazanan bir bagka konu da su kaynaklarinin etkin
kullanimi1 konusudur. Su, kamu mali olarak Doha Kalkinma Turu’nda 6nemli rol
oynamistir. Diinya tlizerinde bir milyar insan temiz su kaynaklarina ulasamamakta
iken 1,7 milyar insan ise saglik hizmetlerinden faydalanamamaktadir. Hayat icin
vazgecilmez olan ancak aymi zamanda da sinirli olan bu kaynagin dogru sekilde
kullanilmas1 bu agilardan ¢ok onemlidir.

Su genellikle maliyetinin altinda satilmaktadir. Bu da 6zellikle tarimda suyun
israf edilmesine neden olmaktadir. Sulama suyunun ucuz olmasi nedeniyle ciftgiler,
cok daha az su kullanimina olanak saglayan gelismis sulama yontemlerine gecme
geregi hissetmemekte, klasik yontemlerle yapilan sulama nedeniyle cok miktarda su
israf edilmektedir. Bu durum, suyun bosa kullanilmasi yaninda toprak kayiplarina da
neden olmaktadir. Cok miktarda su kullanilmasina baglhh olarak topragin alt

kistmlarinda bulunan tuzlar suda coziinerek yiizeye tasinmakta bu da topragin
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tuzlulasmasina neden olmaktadir. Bunlarin yani sira su kullanimlan i¢in verilen
stibvansiyonlar kamu kesimine de yiik getirmektedir.

Tiirkiye’de belediyeler farkli su fiyatlandirmalarina gidebilmektedirler. Su
tarifeleri ~ Biiyiikksehir ~ Belediye =~ Meclislerinde  belirlenmektedir.  Fiyat
farklilastirmasina  giden belediyeler bu seklide su tasarrufu saglamayi
amaclamaktadirlar (Sogesid, 2005). Su fiyatlandirmas1 ve su piyasalar1 konularinda
modelleme yapan caligsmalar, su fiyatlarinin arttirilmasi ve/veya su kullanim haklari
veya su piyasalarinin  olusturulmasinin  su tasarrufunu  6zendirebilecegini
gostermektedir.

Bu calismada uygulanan ikinci benzetim su politikas: ile ilgilidir. Burada,
tarim dis1 kesime uygulanan bir su vergisinin etkileri incelenmistir. Betimlemelerin
sonuglarini vermeden once modelde kullanilan metodun se¢imi ve modelin temel
ozelliklerinden bahsedilecektir.

Su kaynaklarinin korunmasi, etkin kullanimi ve kalitesinin korunmasi gibi su
ile ilintili sorunlarin analizi i¢in degisik yontemler kullanilabilir. Su talebi literatiirii
daha ¢ok ekonometrik tahmin yontemlerine dayanmaktadir (Mukhrjee, 1995). Bu
calismalarda modeller, parametreleri ekonometrik olarak hesaplanan denklem
sistemlerinden olusmaktadir. Bu calismalarin disinda, ylizey sulari stoklar ve
yipranmalar1 daha ziyade optimal kontrol teknikleri kullanilarak analiz
edilmektedirler. Baska bir yontem de Saleth vd. (1991)’nin ¢aligmasinda oldugu gibi,
oyun teorisi tekniklerinin bir su piyasasi analizi yapmak tizere kullanilmasidir.

Su talebi lizerine yapilan caligmalarda kullanilan bir bagka metot da Girdi-
Cikt1 (I-O) modelleridir. Bunlar, sektorlerin iiretim ve tiiketim egilimlerini ifade eden
dogrusal denklem sistemlerinden olugmaktadir. Sektorler arasi etkilesimler matris
formatinda sembolize edilmektedir. Matrisin her siitunu sektorlerin girdilerini parasal
deger olarak gosterirken satirlar ise bunlara karsilik gelen sektorel ciktilarin
degerlerini gosterir. I-O modelleri, ekonominin nihai talebini karsilamak iizere her
sektorde olmasi gereken ¢ikti degisimini belirlerler. Bu sayede, ornegin, toplam
talepteki nihai degisimden kaynaklanan su talebi degisimleri hesaplanabilir.

Bu yontemde, iiretim faaliyetleri, sabit katsayili tiretim fonksiyonlar ile ifade
edilmektedir. Uretim degerleri icsel olarak hesaplanmaktadir. Uretim faktorleri

kullanimi da ilgili sektoriin iiretim miktarina bagli olarak belirlenmektedir. Her
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faktor icin arzin tamamu kullanilmaktadir. Fiyatlar digsaldir ve talepten bagimsizdir.
Bu ozellikleriyle model oldukg¢a katidir.

Diger bir analiz metodu ise dogrusal programlama (DP) yontemidir. Bu
yontem daha c¢ok sulu tarim ve ciftlik diizeyi modellerinde kullanilmaktadir. Burada,
dogrusal bir hedef fonksiyonunun yine dogrusal olan esitlik veya esitsizlikler kisiti
altinda optimizasyonu yapilmaktadir. I-O modellerinde iiretim faktorlerinin tamami
kullanilmak durumunda olundugu halde DP modellerinde bu kosulun saglanmasi
gerekmemektedir (Giines, 2007).

Su meselelerini analiz etmede son derece etkin olan bir diger yontem de
hesaplanabilir genel denge modelleridir. Bu modeller, I-O analizlerini gelistirerek
fiyatlar1 i¢sel almakta ve dogrusal olmayan denklemlere izin vermektedir. HGD
modelleri tiim ekonomiyi iceren kapsamli analizler yapmak icin cok uygun
yontemlerdir. Bu yonleriyle, giin gectikce dnem kazanan su meselelerinin analizi i¢in
onemli, kullanish ve esnek bir metottur.

Temel olarak bu modeller Walrasgil genel denge analizine dayanirlar.
Sistemin formiilize edilmesi ise Kenet Arrow ve Gerard Debreu’ya dayanmaktadir.
Model, arz kisitlarimi acik olarak gosterir, fiyatlar: ve miktarlar1 ayr1 ayri tamimlar ve
iki kez tiirevlenebilen liretim fonksiyonlar: kullanir. Bu sayede, iiretim ve tiiketimde
ikame etkilerini de igerir. Fiyatlar {izerinde faktor ve iirlin piyasalar1 dengeye gelir.
Uretim ve tiiketim kararlarindan elde edilen denge fiyatlar1 sektorlerdeki istihdam ve
gelirleri belirler.

Bu calismada, Tiirkiye icin 2003 yili verilerine dayanan bir HGD modeli
kurulmustur. Model, 9 sektorlii ve statik bir modeldir. 9 sektérden 4’ii tarim
sektoriidiir. Bunlar, tahil ve diger bitkisel {iiriinlerin yetistirilmesi; sebze, bahce ve
kiiltiir bitkileri ile fidanlik iiriinlerinin yetistirilmesi; meyve, sert kabuklular, icecek
ve baharat bitkilerinin yetistirilmesi ve diger tarim sektoriidiir. Bu sektorlerin ilk ticii
1998 Girdi-Cikt1 (I-O) Tablosu ile aymdir. I-O tablosundaki diger tarim sektorleri,
“diger tarim sektorii” adi altinda toplanmustir. Tarim dist kesim 5 sektore ayrilmistir.
Bunlar, gida sanayi, dokuma, giyim esyas1 ve deri sanayi, kimya, petrol, komiir,
kaucuk ve plastik sanayi, metal ana sanayi ve diger tarim-dis1 sektorlerdir. Belirlenen

bu tarim dis1 sektorler gorece daha fazla su kullanan sektorlerdir. Sektorel su
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kullanimlar1 verisine ancak bu detayda ulasilabildiginden, bu ayrimin &tesinde bir
detaylandirma miimkiin olmamuistir.

Modelde, 6zel ve kamu olmak iizere iki iktisadi ajan tanimlanmistir. Uretim
faktorleri ise dort tanedir. Bunlar, sermaye, emek, toprak ve su’dur. Toprak, sadece
tarim sektorl i¢in girdi olarak kullanilmaktadir. Faktorlerin toplam arzi digsal olarak
verilmistir ve sabittir. Isgiicii, sermaye ve toprak icin arzin tamani kullamlirken su
kaynaklarinin bir kismi kullanilmakta, kalaninin akisa birakildigi varsayilmaktadir.

Tiirkiye icin yapilmis olan diger HGD modellerinden farkli olarak, tiretimde
asamali bir iretim profili uygulanmistir. Burada, oOncelikle toprak ve su, sabit
katsayilarla (Leontief tipi) bir araya getirilmis, daha sonra bu birlesik faktor sermaye
ve emekle Cobb-Douglas (C-D) iiretim fonksiyonu ile birlestirilmistir. Tarim dis1
sektorlerde iiretim, emek, sermaye ve su girdilerini kullanan bir C-D iiretim
fonksiyonu ile tanimlanmustir.

Acik bir ekonomide “kiiciik iilke” hipotezi gecerli kabul edilmis, buna gore
diinya fiyatlar1 digsal olarak alinmistir. Armington varsayimi uygulanmis, bu
cercevede yerli ve ithal mallar arasinda aksak ikame oldugu varsayilmistir. Buna
gore, hanehalklarinin yerli ve ithal mallarin bir kombinasyonu olan bir “birlesik mal”
tilkettikleri varsayilmistir. Bu sistemde, tiiketiciler kendi optimizasyon problemlerini
cozerek tiiketimlerinin ne kadarinm ithal ne kadarimi yerli mallarindan yapacaklarina
karar verirken, iireticiler yine kendi optimizasyon problemlerinin sonucuna gore ic
veya dis pazar i¢in iiretim yapmak konusunda karar verirler.

Kamu gelirleri ise vergi gelirleri, faktor gelirleri, vergi dis1 normal gelirler,
sosyal fonlar ve dis transferlerden olugsmaktadir. Vergi gelirleri, iiretim faaliyetleri ve
iiriinler iizerinden alinan vergilerlerden olusmaktadir. Uretim faaliyetleri iizerinden
alinan vergiler toplam iiretim degeri iizerinden alinirken, iiretim iizerinden alinan
vergiler, birlesik mal degerinin bir katsayist olarak tanimlanmistir. Faktor gelirlerti,
emek, sermaye ve su kullanimlar {izerinden alinmaktadirlar. Ozel kesim gelirleri,
faktor gelirleri, kamudan gelen Kkarsiliksiz transferler ve dis diinya faktor
gelirlerinden olugmaktadir.

Kamu kesimi, gelirinin belli bir kismimi tiiketim harcamalarina ayirir.
Tiiketimin sektorlere dagilimi digsal sabit katsayilar yoluyla olmaktadir. Ozel kesim

ise kullanilabilir gelirinin tasarruf etmedigi kismini tiikketim amacli kullanmaktadir.

135



Ozel tasarruflar, 6zel harcanabilir gelirin marjinal tasarruf egilimi (MPS) ile
carpilmasi ile elde edilir. Kamu tasarruflart ise kamu gelirleri ile harcamalari
arasindaki fark olarak belirlenir. Yatirim miktar1 ise yatirim-tasarruf dengesinden
hesaplanir.

HGD modelleri i¢in kapsamli ve dengede bir veri setine ihtiya¢ vardir. Bu
baglamda, Sosyal Hesaplar Matrisleri (SHM) gerekli veri setini saglamaktadir.
SHM’ler, muhasebe hesaplarina uygun olarak, her satir toplaminin kendisine karsilik
gelen siitun toplamina esit oldugu tablolar seklinde tasarlanmiglardir. 2003 Tiirkiye
SHM’si temel olarak DPT ve TUIK’ten alinan verilerle olusturulmustur. Sektorel
ayristirmalar ise 1998 1-O Tablosu’ndan alman katsayilar yardimiyla yapilmigtir.
Devletin vergi gelirleri, SHM’ye yerlestirmek icin uygun hale getirilmek iizere
ayristirilmig ve yeni tanimlar geregi yeniden gruplandirilmistir.

Benzetim sonuglarina bakacak olursak, birinci benzetim olan tarife
benzetiminin sonuclar1 GSYIH ile 6zel ve kamu gelirlerinde bir artisa isaret
etmektedir. Tarimda tarife indirimiyle birlikte ithal tarim mallarin fiyatlar
diismiistiir. En biiyiik fiyat diisiisii diger-tarim sektoriinde gozlemlenmistir. Bu, s6z
konusu sektor icinde yer alan hayvancilik iirtinleri ile ilgili olarak Tiirkiye’nin
konumundan kaynaklanmaktadir. Bu alanda Tiirkiye, dis ticaretinin yarisim yaptigi
AB’nin ¢ok gerisindedir. Kuzey Avrupa iilkelerinde hayvancilik ¢ok gelismistir ve
verimlilik diizeyi cok yiiksektir. Ticaret serbestisi durumunda, Tiirkiye’nin ¢cok daha
diisiik fiyatlarla piyasasina girecek bu iiriinlerle rekabet etmesi miimkiin degildir.

Azalan ithal mallar fiyati ithal tarim iiriinlerini daha cazip hale getirmis, bu
nedenle tiikketim bu mallara kaymistir. Tarim iirlinleri ithalati, basta diger tarim
tirtinleri sektorii i¢in olmak iizere artig gostermistir. Tarim ihracatinda sadece sebze
sektorii icin bir artis gozlenmekte, diger sektorlerde ihracat diismektedir. Sonug
olarak, toplamda tarim net ihracatinda ciddi bir diisiis gbzlenmis, Tiirkiye tarim
tiriinleri acisindan net ithalat¢i konuma gelmistir.

Sebze {iiretimi hari¢ diger tarim {irlinlerinin {iretimi diismiistiir. Sebze
tiretimindeki artis, bu sektordeki ihracat artis1 sayesinde saglanmistir. Meyve
tiretimindeki azalis ise diisiikk seviyede kalmistir. Bu ise, toplam meyve tiiketimi
icinde ithal meyve iirtinleri tiiketiminin yiizdesi artmis olmasina ragmen, yerli mallar

tiikketiminin ¢ok az diismesinden kaynaklanmaktadir. En fazla iiretim diistisii tahil
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iriinleri i¢in gozlenmistir. Bu sektor, yerel tiiketimin en fazla diisiis gosterdigi tarim
sektoriidiir. Tarim dis1 sektorlerde tiretim artist gdzlenmistir. En fazla tiretim artisi
tekstil sanayide olmustur. Bu da en fazla ihracat artisinin bu sektor i¢in gerceklesmis
olmasindan kaynaklanmustir.

Tiiketiciler, fiyatlardaki diisiis ve gelirlerindeki artis ile daha iyi duruma
gelmis gorilnmektedir. Ne var ki model gelir dagiliminin nasil oldugu hakkinda bilgi
vermemektedir. Fiyatlarin ve {iretimin diismesi iireticilerin aleyhine oldugundan
onlarin gelirlerinde bir gerileme oldugu diisiiniilmekle birlikte nihai etkiler modelde
gozlemlenememistir.

Modelden elde edilen sektorel su kullanimlari, beklendigi lizere tarimda su
kullanimlarinin azaldigina isaret etmektedir. Sermaye de ayni sekilde tarimdan diger
sektorlere kaymustir. Isgiicii durumuna bakildiginda ise iiretimi artan sebze sektorii
icin caligsan sayisinin arttigl, meyve iretiminde neredeyse sabit kaldigi ve diger iki
tarim sektoriinde ise diistiigli gozlenmistir.

Bu calismada analiz edilen diger benzetim, tarim disi su kullanimlar
tizerinden alinan bir verginin etkilerini incelemektedir. Beklendigi iizere vergi
konulmasiyla birlikte 6zel kesim gelirleri azalirken kamu gelirleri artmaktadir. Su
kullanimlari, tarim sektorleri disinda gida sanayi ve tekstilde de diismektedir. Tekstil
endiistrisinin 6zel gelir degisimlerinden etkilendigi diisiiniilmektedir. Hanehalklar
tiikketimlerini bu iirinlerden digerlerine kaydirabilmektedir.

Suyu yogun kullanan sanayiler olan, kimya ve metal sanayide su kullanimlari
artmistir. Diger sektorler su kullanimlarindaki degisiklikleri iiretimlerine yansitarak
tiretimlerini azaltma yoluna giderken kimya ve metal sanayi su maliyetlerindeki
artisa cevap vermemekte ve iiretimleri dismemektedir. Bu sektorlerde su, hammadde
olarak, tepkimelerde c¢oziicii olarak, sogutma, tasima veya temizlik gibi bir¢ok
asamada kullanilmaktadir. Bu nedenle, bu sektorlerde su kullaniminmi azaltmak teknik
olarak miimkiin olmamaktadir. Biiylik yatirimlarla kurulan bu isletmelerde iiretim
diisiirme egilimi azdir. Bunlarin yaninda, su yogun kullaniliyor olmasina ragmen,
diger maliyetler i¢inde su maliyeti gorece diisiik kalmaktadir. Bu nedenlerle, suya

konulan bir vergi bu sektorlerde su kullanimlarini azaltmamaktadir.
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Temel olarak hizmetler ve turizm sektorlerini igeren diger tarim-disi
sektorlerde de su kullanimlar1 diismemektedir. Sermaye akisi da iiretimin azaldig:
sektorlerden arttig1 sektorlere kaymaktadir.

Dis ticaretimizde, ithalat ve ihracat, tarim {iiriinleri icin gerilerken tarim disi
tiriinler i¢in artmigstir; ancak her iki tiriin grubu ic¢in de net ihracat sabit kalmistir.

Tiirkiye’nin uluslararasi ticarette rekabet giiclinii arttirmasi icin tarimda
verimlilik artisina gitmesi Onemlidir. Bu, oOzellikle Tiirkiye-AB arasindaki ticari
iliskileri inceleyen ¢alismalarda gosterilmistir. Tiirkiye, toplam ithalat ve ihracatinin
yarisint  yaptigi AB iilkelerinden verimlilik acisindan geride bulunmaktadir.
Caligmalar, olas1 bir iiyelik durumu veya Giimriik Birligi’nin (GB) tarim iiriinlerini
de icerecek sekilde genisletilmesi halinde, Tiirkiye’nin meyve ve sebze {iriinleri
acisindan sahip oldugu avantaji dahi kullanamayacagina isaret etmektedirler.
Cakmak ve Kasnakoglu (2002), hayvancilikta kiiciik bir verimlilik artisinin bile olas1
bir iiyeligin olumsuz etkilerini giderebilecegini gostermislerdir.

Bu caligmada incelenen her iki benzetim, tarimda bir toplam verimlilik artisi
olmast durumu i¢in yeniden analiz edilmistir. Tarife indirimi senaryosunda
gozlemlenen dis ticaretteki bozulma, tarimda verimlilik artis1 ile giderilmektedir.
Sektorel bazda bakildiginda, tahil tiriinleri ve diger-tarim sektorii i¢in Tiirkiye hala
net ithalat¢1 konumda bulunmasina karsin meyve ve sebze ihracatinda saglanan ciddi
gelisme ile birlikte, toplamda Tiirkiye tarim {riinleri acisindan net ihracatgi
konumuna gelmektedir. GSYIH ile 6zel ve kamu gelirlerindeki arti daha fazla
olmaktadir.

Su benzetiminde ise 6zel gelirlerde gozlenen diisiisiin tarimda verimlilik artisi
ile giderildigi goriilmektedir. Verimlilik artis1 ile tarimda iiretim ve ihracat artmakta,
bu sayede gelir diizeyi ve tiikketim de artmaktadir. Tahil ve meyve iiretiminde su
kullanimlar1 artarken sebze ve diger tarim {iriinleri iiretiminde su kullanimlari
diismektedir. Su benzetiminde net ihracat degismezken verimlilik artig1 senaryosunda
tarimda net ihracat neredeyse dort katina ¢ikmaktadir.

Kayit altina alinmayan su kullanimlari, bilin¢siz kuyu suyu kullanimlar1 ve
sehirlerdeki kacaklar gibi sorunlar, gercek su kullanim miktarlarimin belirlenmesine
engel olmaktadir. Suyun maliyetinin altinda satilmasi su israfin1 getirmekte, tarrmda

suyun fazla kullanilmasi, gereksiz yere fazla su kullanilmasina neden olmanin
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otesinde toprak kayiplarina da neden olmaktadir. Yalmzca Tirkiye i¢in degil tiim
diinya icin hayati 6nemi olan bu konuda bilin¢li adimlar atilmasi i¢in gercekei
modellemelerin yapilmasi ¢ok onemlidir. Konunun 6nemi ile ilgili olarak model
yapicilar bilinclenmistir. Pek cok iilke icin modelleme caligmalar1 yapilmaktadir.
Tiirkiye i¢in de somut politika Onerileri sunabilecek modellerin olusturulmasi
onemlidir. Bunun i¢in, suyun toplanmasi ve dagitilmasi, su kullanim miktarlart gibi
su verilerinin saglikli bir sekilde olusturulmasi gerekmektedir. Suyu dogru kullanma
bilincinin topluma, 6zellikle de ¢iftcilerimize yayilmasi cok onemlidir. Bu gereklilik
sadece sehirlerde sularimiz kesildiginde degil her zaman diisiiniilmelidir. Bunun i¢in
su kullanim haklar1 konusuna 6nem verilmeli ve modellere dahil edilmelidir. Suyun
tiretimi acik olarak modellere eklenmeli, su piyasasi olusturmanin etkileri
incelenmelidir.

Olas1 su kithg senaryolar1 yaninda iklim degisikliklerinin etkilerinin de
analiz edilmesi onemli hale gelmistir. Ayni1 zamanda bu iki durumun farkliliklarinin
da bilincinde olmak o6nemlidir. Iklim degisikligi durumunda yeterince sulama
yapilmasi halinde bile topraktan istenen verim elde edilemeyebilir. Bu durumu
incelemek iizere modellere yagis degiskeni eklemek miimkiindiir.

Bunun yam sira, dis ticarette, gorece fazla su kullanimi1 gerektiren {iriinlerin
yurt icinde iiretilmesi yerine yurt disindan satin alinmasi ile saglanan su tasarrufu da
onem kazanmaya baslamistir. Ozellikle Orta Dogu iilkelerinde goz Oniinde
bulundurulan bu alternatifin etkilerinin incelenmesi de ileriye doniik politikalarin
belirlenmesi acisindan 6nemli olacaktir.

Bundan sonraki ¢alismalarda, yukarda belirtilen sekillerde, su iceren HGD
modelleri genisletilebilecektir. Bu sekilde olusturulacak modellerden elde edilecek
bulgular 1s181nda bilingli su politikalarinin olusturulabileceginin miimkiin olacagina

inanmaktayiz.
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