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Abstract

The use of water resources is ineffective although Turkey has insufficient
freshwater resources. Dry farming is practiced in a large part of agricultural
land. This land due to insufficient precipitation throughout the country is left
to fallow once in two years. Agricultural drought is becoming a severe chal-
lenge for agriculture and food security, and it may also impact the wealth of
farmers by agriculture income. So, it causes widespread concern among the
rural population. There is a close relationship between food security and ag-
ricultural irrigation. Ensuring food security against population increase is the
main responsibility of the government via irrigation policies. Basically, these
policies are divided into two as expanding irrigated areas and improving effi-
ciency in irrigation by new irrigation investments. These are water transfer
from reservoirs to dry agricultural areas and improve pressurized irrigation
investment. Significant efforts have been made by governments since the
1960s to reduce the risk of drought in agricultural production and to increase
agricultural yields. Increasing agricultural income through irrigation and sat-
istying small family businesses are among the political goals of governments.
However, according to the findings of this study, as the development priori-
ties of governments changed after 2003, the share of irrigation investments in
the total budget gradually decreased. Although great targets have been set for
2023, it seems difficult to reach these targets since sufficient resources are not
allocated to irrigation investments. In this study, the current state of irriga-
tion and its effects on food security were analyzed with a literature review and
Ishikawa diagram, and the policies implemented by the government and
relevant government agencies were evaluated. The article mainly deals with
the current state of irrigation and food security targets.
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1. Introduction

The feeding of the world’s growing population will depend heavily on water re-
sources. However, the future of water resources will be determined by the in-
creasing water demand of other sectors, deterioration of water quality, and de-
clining groundwater levels [1]. The critical balance among the limited water,
soil, and plant resources that are seen in most of the regions in the world neces-
sitates important strategies for sustainable agriculture. Water resources in suffi-
cient quantity and appropriate quality are essential to ensure food production
and food security [2]. Irrigation need arises from a lack of rainfall in dry agri-
cultural areas. Ensuring food security is the main development goal largely
linked to the expansion of irrigated agricultural land [3].

In terms of sustainable agricultural production, food security, and rural de-
velopment in developing countries, governments, and policymakers have shown
a lot of interest in improving irrigation infrastructure [4]. Access to water di-
rectly increases the amount of agricultural production and farm incomes, as it
increases productivity in all crops. A strong relationship has been found between
crop income and irrigation in rural areas [5]. It is estimated that 25% of the Af-
rican population (about 200 million people) still suffers from water shortages.
Water stress remains one of the biggest challenges in ensuring food security. It is
predicted that more countries will face water and food insecurity in the future.
In addition, radical changes are needed in agricultural production systems in
order to reduce the negative effects of climate change and to ensure adaptation.
Technological and political practices that provide science-based solutions will
enable farmers to better manage the land, the environment, and food security
[6].

Food security depends on water resources contributing more than 40% to
production [7]. In some countries of the world, the effect of irrigation systems
on food production reaches 50% - 80% [8]. According to rain-based production,
irrigation increases crop yields and can double agricultural productivity by ex-
panding the plant-growing season [9]. In a study conducted in Indonesia, North
Sumatra, the role of the irrigation system in rice production and supporting food
security was calculated to be 64.64% on average [8].

According to a study conducted in India; 46% (64.6 m ha) of approximately
140 m ha of cultivated land is irrigated. While previously irrigable areas were
determined depending on the slope of the land, today all kinds of land can be ir-
rigated thanks to smart irrigation technologies. With the decrease in water re-
sources in the future, the agricultural sector will be under great pressure in terms

of providing food, feed, and raw materials. There is an urgent need for political
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intervention in irrigation water management and the adoption of smart irriga-
tion technologies for food security [10].

Agricultural investments in China have formed the basis for agricultural
growth and transformation. Despite public resource constraints, the Chinese
government has allocated more resources to agricultural investments (land
regulation, irrigation, and agricultural technologies) than general financial ex-
penditures after the mid-2000s through the Ministry of Agriculture. The irri-
gated agricultural land expanded from 45 m ha to 67 m ha in the period of
1978-2016 and 50% of the cultivated land became irrigable. Irrigation invest-
ments improved soil quality of low and medium quality land and contributed to
the development of agricultural production capacity [11]. In Australia, where
most of the agricultural land is under the effect of severe drought, serious losses
have occurred in its production. Wheat production was 50% - 60% below the
average for two consecutive years (2005-06) due to drought, and it significantly
affected world prices [12].

The average yield of irrigated land can be five times that of dry farming land
and the average value-added per irrigated hectare is 2.6 times that of one rainfed
hectare [13].

In a study conducted in Tanzania; It has been determined that the Water User
Association needs capacity building and continuous institutional support, and
managers do not have control mechanisms in terms of authority and responsi-
bility. In local associations, all members should not be expected to have the will-
ingness to manage the association or to finance the services they receive, or to
achieve a sense of responsibility and ownership [14]. Water supply is arguably
one of the most politicized public services in developing countries [15]. Turkey
especially in energy and irrigation investments has affected the management of
the country itself, “King of Dams” identifies a politician who has become the
most important political figure of the country during the period 1965-2000 [16].

As a result, irrigation, which is one of the most important inputs of agricul-
tural production, will enable the agricultural sector to get rid of the dependence
on climatic conditions, diversify the production, increase the use of fertilizers,
extend the plant growing period, increase the productivity per unit area, increase
the income of the farmers and food security [17]. In this study, Turkey’s water
potential, the current status of irrigation, aims to demonstrate the contribution

of irrigation and food security objectives.

2. Material Method

In this study, a policy analysis on water resources, irrigation, and food security
has been tried to be made and examined the effect of the expansion of irrigated
areas on agricultural production. Government policy documents, organizations'
strategies, goals, projects, workshop reports, and institutional records on the ef-
fects of irrigation on food security were collected and analyzed. The literature

review was compiled by scanning keywords from published research articles by
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Figure 1. Cause and effect analysis in Ishikawa diagram.

universities and research institutes.

Scientific data on irrigation and food safety were classified based on data min-
ing, tables and figures were created and interpreted. In addition to time-series
data, different statistical methods such as mean and percentage were used to ob-
tain meaningful findings in the study. Turkey’s water potential, the possible ef-
fects of climate change, the current status of irrigation, irrigation objectives, and
its impact on food safety has been evaluated.

In order to analyze the causes of food insecurity, the fishbone diagram (also
known as the Ishikawa diagram) was used to identify and group the causes that
make up a problem. The causes of the problem were analyzed by dividing them
into main and subcategories. In the cause and effect analysis; problem determi-
nation, data collection, determination of probable causes, identification of the
root cause, proposal of the activities to be carried out have been completed [18].
The diagram provides a comprehensive view of food security across key problem
areas. Sub-titles directly related to irrigation in every problem area, climate, cli-
mate change, water potential, irrigation policies, investment projects and their
effects on food security were examined.

Also known as a cause and effect diagram, the diagram is a chart that regularly

categorizes many potential causes in a problem (Figure 1).

3. Climate and Climate Change

Turkey, located between 26 - 45 and 36 - 42 north latitude and east longitude. It
has a total surface area of 78 m ha. It is surrounded by seas (Black Sea, Aegean
Sea, and the Mediterranean Sea) on three sides and by Bulgaria, Greece, Syria,
Iraq, Iran, Azerbaijan, and Armenia. Since there are many high mountains and
high plateaus in the country, its average altitude is approximately 1132 m and
3.5 times that of Europe. Mountains stretching parallel to the sea, sudden to-

pographic differences cause climate change at short distances [17].

3.1. Climate Types

Turkey 574 mm average rainfall for many years (below the world average of 800
mm) and has a semi-arid climate. Average annual precipitation rates by regions

can be seen in Figure 2. In Central Anatolia, annual precipitation drops to 250
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Figure 2. Average annual precipitation by region (mm).

mm in the south of Lake Tuz and up to 2500 mm on the Eastern Black Sea coast.
The lowest average precipitation occurs in the Central Anatolia region with 406
mm, and the highest average precipitation occurs in the Black Sea region with
696 mm.

Four climate types are observed in Turkey’s geography. These are Terrestrial,
Mediterranean, Marmara (transition), and Black Sea climate. The Terrestrial
climate is observed in 60% of the total area, including Central, Eastern, South-
eastern Anatolia, and a part of Thrace. In this climate, precipitation is usually in
the spring and winter months. Irregular and drought prevail during the plant
development period.

The Mediterranean climate is effective in the south-facing parts of the Taurus
Mountains in the Aegean Region and the Mediterranean Region. The summer
season is hot and dry, and the winter season is warm and rainy. The Black Sea
climate is effective in the coastal parts of the Black Sea Region and on the north-
ern slopes of the mountains. It is rainy every season. Winters are cool on the
coastal area, snowy and cold in the higher parts. Marmara (transition) climate is
seen in the Marmara Region and the North Aegean region. It is a transition be-

tween the Black Sea and Mediterranean climates [19].

3.2. Climate Change

In the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment
Report, it is stated that the general temperature increase in the Mediterranean
Basin will reach 2°C and the number of droughts, heatwaves, and extremely hot
days will increase. In Turkey, the average annual temperature will be an increase
between 2.5°C and 4°C in the near future, and this increase is expected to be 5°C
in Central Anatolia. It is stated that until the middle of the century, it is believed
that many semi-arid regions (including the Mediterranean Basin) will experi-
ence a decrease in water resources due to climate change. The annual river flow
and water availability will decrease in the Mediterranean Basin. Sectors affected

by drought will include agriculture, water supply, energy production, and health.
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Regionally, large increases in irrigation water demand are predicted as a result
of climate changes. Besides this report, other national and international scientific
studies, Turkey’s near future warmer, arider and shows rainfall will be more un-
certain. Researches suggest increased temperatures will also affect the physical,
chemical, and biological properties of freshwater lakes and rivers, with pre-
dominantly adverse impacts on many individual freshwater species, community
composition, and water quality [20].

The increment rate in the water requirements due to the population increase,
global warming, and climate change negatively affect the water resources espe-
cially water used in agriculture. In addition, the decrease in precipitation and the
increase in temperature, due to global warming, will change the types of land
and water use [21]. Changes in precipitation and temperature in Turkey will af-
fect water resources, agricultural production, human health, natural disasters,
and economic growth. It can be said that the ECHAMS5 simulation points to two
regions where significant changes will occur in precipitation. These regions are
the Mediterranean and Southeastern Anatolia, where precipitation is supposed
to decrease significantly after 2040, and the Black Sea Regions, where precipita-
tion is predicted to increase [22]. Therefore, as for food security and water
management, “National Water Plan 2019-2023” and “National Climate Change
Action Plan 2011-2023” have been prepared by the Ministry of Agriculture and
Forestry [23], and Ministry of Environment and Urbanization [24]. In these
documents, strategic targets and actions have been determined. The Turkish
Government has adopted an approach based on the watershed for the prepara-
tion of river basin protection and management plans. The World Bank (WB) has

been supporting these efforts in different ways [25].

3.3. Political Framework

Turkey’s water policies are determined by various legal regulations. These poli-
cies are implemented by various ministries and executive units [26]. Turkey’s
water policies are characterized by a desire to achieve energy independence, en-
sure food security through increased agricultural production, and to meet the
demand for water of other sectors [27]. According to the Constitution of the
Republic of Turkey (Art. 168), to develop and manage water resources, belong to
the state authority. According to the Turkish Civil Code (Art. 756), surface and
groundwater resources cannot be private property, except for springs from pri-
vate land. However, there are user rights for irrigation, fishing, thermal, energy,
industry, mining, domestic use, etc. State Hydraulic Works (SHW) gives water
use permits in Turkey [26].

The main purpose is to improve water and soil resources in Turkey SHW, in
the year 1953 (6200 Law No.) has been established and organized along 25 major
river basins in the country. It acts as the competent authority in the planning,
implementation, and management of water investments. Among the duties of

SHW, are dams, irrigation canals, and the construction of flood prevention bar-
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riers, drying of swamps, and supplying drinking water to big cities [17].

General Directorate of Land and Water (Soil-Water), which was established in
1960 (law no 7457), was transferred to the General Directorate of Rural Services
(KHGM) in 1985. In 2005, as part of the government’s decentralization program,
KHGM was abolished (Law No. 5286), and its duties regarding land and water
affairs were transferred to the Special Provincial Administrations-SPAs (Law No.
5302). Before this date, large irrigation investments were made by SHW, and
small irrigation investments of less than 500 liters per second were made by To-
prak-Su and later by KHGM [26]. However, with the transfer of this duty to the
Special Provincial Administrations, a gap has arisen in this regard, but the gov-

ernment has not made regulations on this issue yet.

4. Water Resources

According to the “World Water Development Report” prepared by UNESCO,
Turkey takes 45th place in the world as of freshwater resources. The annual
amount of water per person is 1493 m®. Considering the population of the coun-
try to reach 85 million by 2030 and water resources to decrease gradually, it is
estimated that this amount will decrease to 1100 m?® [21]. When taken into ac-
count the impacts of the factors like the existing development rate, changes in
water consumption habits, it is likely to predict the possible pressures such as
much demand on the water resources [28].

The annual average precipitation amount in Turkey is about 574 mm and this
corresponds to 448 billion km® of water (Table 1). More than half, around 246

Table 1. Water resources potential of Turkey.

Annual Average Precipitation (mm/m?) 574 (%)
Annual Precipitation Amount (billion km?) 448 100
- Evaporation (billion km?) 246 54.9
- Leakage to Underground (billion km?) 63 14.0
- Annual Runoff (billion km?) 140 31.1
- Usable springs Water (billion km?) 25
- Water from neighbor countries (billion km?) 6
- Gross surface water potential (billion km?) 171 90.5
Withdrawable water from underground (billion km?) 18 9.5
Renewable gross water potential (billion km?) 189 100
Economic & technical usable water potential (billion km?) 100
Total Usage (billion km?) 44 100
- Agricultural Irrigation 72.0
- Drinking-Water 14.0
- Use ofIndustry 14.0
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billion km’ of this water goes back to the atmosphere by evaporation; 63 billion
km?® leaks down to the underground, and 140 billion km? reaches to the rivers,
lakes, and seas by runoff. About 25 billion km’ of 63 billion km? water that leaks
down to the underground join back to surface water through springs. Only 44
billion km’ of approximately 189 billion km® renewable water potential can be

used in agriculture [17].

4.1. Rivers

Four of the river forms the watersheds in Turkey is reaching the sea beyond the
country’s borders. These are the Euphrates, Tigris, Coruh, and Aras rivers. The
Euphrates and Tigris rivers are rises in the Eastern Anatolia region of Turkey.
Then they flow through Syria and Iraq and reach the sea in the Persian Gulf. The
Euphrates has a total length of 2800 km and only 971 km of the river is within
Turkey’s border. The Tigris has a total length of 1900 km of which 523 km lie
within Turkey. Coruh, one of the fastest rivers in the world, flows 431 km inland
Turkey and after flowing 21 km before discharging into the Black Sea in Georgia.

The Aras river, one of the largest rivers of the Caucasus, is 1072 km long and
reaches the Caspian Sea from Azerbaijan. Aras River rises in Turkey and after
300 km the river forms some countries’ borders such as Turkey-Armenia and
Azerbaijan-Iran border.

Other transboundary rivers are the Evros/Meri¢ River, which comes from
Bulgaria and Greece and reaches the Aegean Sea, and the Asie River, which
comes from Lebanon and Syria and reaches the Mediterranean [27].

Other rivers that make up the water basins are as follows. The length of
Kizilirmak, the longest rivers reaching the Black Sea, is 1355 km, Sakarya is 824
km and Yesilirmak is 519 km. The length of the Biiyitk Menderes from the river
reaching the Aegean Sea is 548 km, the Gediz River is 401 km and the Kii¢iik
Menderes is 175 km. From the river reaching the Mediterranean, Seyhan is 560
km, Ceyhan is 509 km and Goksu is 260 km long [16]. Turkey’s territory has 25
major river basins showing a big change compared to the average annual rain-
fall, evaporation, and runoff characteristics [27]. Rivers and water basins in

Turkey are given in Figure 3.

4.2. Water Basins

As shown the largest catchment areas are the Euphrates-Tigris, respectively,
Kizilirmak, Sakarya and Konya inland basin (Table 2). The total drainage area of
the Euphrates-Tigris basin is 184,918 km?* They provide 29.2% of the total sur-
face water supply. Kizilirmak basin, the second largest basin, has a drainage area
of 78.180 km?. Konya inland basin (53,850 km?), which is one of the major ba-
sins, is also among the basins with the least runoff.

4.3. Groundwater

The use of groundwater is an important alternative in places where surface water
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Figure 3. Water basins in Turkey [17].

Table 2. The average surface areas and water potential of the basins in Turkey (2020).

Basin Basin name Precipitation Mean annual Rate (%) Draining to
No Area (km?) discharge (km?)
1 Merig Ergene 14.560 1.84 1.1 From Bulgaria to the Aegean Sea
2 Marmara 24.100 7.54 4.4 Sea of Marmara
3 Susurluk 22.399 4.23 2.5 Sea of Marmara
4 North Aegean 10.003 1.5 0.9 Aegean Sea
5 Gediz 18.000 1.54 0.9 Aegean Sea
6 Kiigiik Menderes 6.907 0.53 0.3 Aegean Sea
7 Biiyiik Menderes 24.976 2.97 1.7 Aegean Sea
8 West Mediterranean 20.953 6.97 4.1 Mediterranean Sea
9 Antalya 19.577 11.25 6.6 Mediterranean Sea
10 Burdur Lakes Area 6.374 0.26 0.1 Interior
11 Akarcay 7.605 0.33 0.2 Interior
12 Sakarya 58.160 5.16 3 Black Sea
13 West Black Sea 29.598 9.91 5.8 Black Sea
14 Yesilirmak 36.114 6.58 3.8 Black Sea
15 Kizilirmak 78.180 6.12 3.6 Black Sea
16 Konya inland basin 53.850 2.65 1.5 Interior
17 East Mediterranean 22.048 11.25 6.6 Mediterranean Sea
18 Seyhan 20.450 6.79 4 Mediterranean Sea
19 Ceyhan 21.982 7.37 4 Mediterranean Sea
20 Asi (Orontes) 7.796 0.89 0.5 From Syria to Mediterranean Sea
21 Euphrates and Tigris 184.918 49.91 29.2 To Syria/Irag/the Persian Gulf
22 East Black Sea 24.077 14.93 8.7 Black Sea
23 Coruh 19.872 7.05 4.1 To Georgia and the Black Sea
24 Aras 27.548 4.18 2.4 To Azerbaijan and Caspian Sea
25 Van inland basin 19.405 2.26 1.2 Interior
Total 779.452 171 100
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is lacking for agricultural production. In Turkey, 78% of the irrigation water
comes from surface sources and 22% from underground sources. Turkey
throughout 1428 ha of land is irrigated by groundwater. The operation of
groundwater investments made by the state in arid regions through irrigation
cooperatives is being carried out successfully as an important model. Ground-
water is densely extracted from wells drilled in Konya, Isparta, Eskisehir, Kay-
seri, Edirne, Samsun, and Izmir provinces and used for irrigation.

65 billion km® of annual rainfall in Turkey (14%) are infiltrated underground.
25 million km® of this rise back to the ground as usable water with springs. There
are 18 million km® of water retractable from the underground [17]. The under-
ground water investments for irrigation are costly to be used for opening the
wells; setting up the motto-driven pumps, electrification to the facilities, and

constructing canals and sheds for the facilities.

5. Water Management and Irrigation Investments

Water investments will need to be obtained from the coalition of different min-
istries in Turkey. For example, Ministry of Development from fund allocation
according to development plans, Ministry of Agriculture-Forestry from the es-
tablishment of the cooperative irrigation, State Hydraulic Works from the estab-
lishment of surface and underground water facilities, Province specific govern-
ment and SHW from the construction of the Irrigation channels and pipes are
responsible. Universities, research institutes, and The Scientific and Techno-
logical Research Council of Turkey also make irrigation researches. However, as
irrigation investments are generally made by SHW, it was deemed sufficient to
evaluate SHW investments.

SHW invested the US$ 60 billion in the period 1954-2018. In Figure 4, the

27.0 27.0
24.7
24.0 24.0
21.0 21.0
18.0 18.0
15.0 15.0
14.7
12.0 12.0
9.0 9.0
6.0 6.0
3.0 T_/*—N_)A\_\LS 3.0
00 14 0.0
O X H O A DO O DA NX O LN W
Q7 L7 O O O L & &V D & & 7 & DN
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Total invest budget (bil.US $) ====SHW Invest budget (bil.US $) Share (%)

Figure 4. SHW budget and its change within the total investment budget (2003-2018).
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SHW budget and its change within the total investment budget are given be-
tween 2003-2018. Accordingly, the SHW investment budget, which was $ 1.4
billion in 2003, increased to $ 4.4 billion in 2013, but it is seen that it decreased
to $ 2.8 billion in 2018. The share of the SHW budget in the total budget has
steadily decreased from 24.7% to 14.7% between 2003-2018 [17]. From this fig-
ure, it is understood that change of investment priorities and loss of the priority
of water investments after 2003 in Turkey.

Despite the potential for river and surface water resources, due to high in-
vestment costs and difficulties of the terrain topography, Turkey cannot benefit
enough from this water potential for irrigation. The investment cost for small ir-
rigation projects is 3000 US dollars/ha, while it is around 12,000 US dollars/ha
for large irrigation projects (including pumping) [17].

One of the purposes of SHW’s with the new investments is to change the cur-
rent way of surface irrigation, which is done by canals having open tops. With
the investments, these surface irrigation canals will be replaced with pipelines
that might supply a much better job of transferring water without much loss.

The water transfer yields 70% in soil channels, 85% in the concrete channel
while in pipelines can rise to 100%. Irrigation efficiency in the field is 60% in
surface irrigation, 80% in sprinkler irrigation, and 90% in drip irrigation [29].
Water loss is 15% in water transfer with open the concrete channel systems. The
water losses from irrigation systems lead to problems such as drainage and salin-
ity that cannot be solved easily in short term. Therefore, the salinization of the
agricultural lands has negative impacts on the yield, production, and conse-
quently on food security [30].

To improve the water use efficiency as one of the preferred strategies in the
food and water security, transforming the existing systems to the modern irriga-
tion ones should be the essential action also to meet public food demand as well
as their welfare. Saving water by using modern irrigation systems can also help
to balance the water shared by sectors like agriculture and industry. The fact that
Turkey is not a water-rich country increases the significance of this transforma-
tion. That’s why while the low-pressure concrete pipes were started to be pro-
duced after the 1980s, and high-pressure irrigation systems were started to be
built in the 2000s. Extensive irrigation projects in Turkey are run by SHW. By
2023 the SHW is targeting to finish the irrigation investments for 2.1 million ha
of farmland [17].

It has been determined that the Euphrates-Tigris basin is one of the most irri-
gable basins with dry farming. It is followed by the Konya inland basin. For this

reason, SHW irrigation investment projects are concentrated in these two basins.

5.1. Southeastern Anatolian Project

Southeastern Anatolia Project (GAP) is located in the Euphrates-Tigris river ba-
sin, covering Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, Mardin, Siirt,

Sanliurfa, and S$irnak nine provinces having approximately 10% of the total
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population and area of Turkey. The main objective of GAP 20% of Turkey’s ir-
rigable land (1.7 m ha) of fertile soil that makes up Southeast Anatolia with the
Euphrates and Tigris rivers to irrigate. Only 30% of the irrigable areas in the Re-
gion have been opened to irrigation. With this project, it is aimed to open the
remaining 70% (1.1 m ha) to irrigation. Within the scope of the GAP Project, the
construction of 20 irrigation projects, which will irrigate 279,000 ha of land,
continues [17].

According to a study, It was seen that wheat areas decreased, while corn and
cotton areas increased along with putting into practice the irrigation in the re-

gion. Gross production value is defined as an increase of 84% per hectare [31].

5.2. Konya Plain Project

Konya Plain Project (KOP) is implemented in the Konya inland basin with an
area of three m ha in the Central Anatolia Region. The KOP project covers eight
provinces consisting of Konya, Aksaray, Karaman, Nigde, Kirikkale, Kirsehir,
Nevsehir, and Yozgat. With the project, 1.1 m ha of land was planned to be irri-
gated and 397,000 ha (36%) of land were opened to irrigation so far. About 25%
is irrigated with groundwater by irrigation cooperatives. The remainder (31%)
also is at the investment or project stage. After the GAP, It is the largest irriga-
tion investment project in Turkey [17].

Because the groundwater is intensely used in the region, the groundwater lev-
els of the wells are gradually falling down. The most important benefit of the
KOP project will be recharging artificially groundwater reservoirs by diverted
water supply from the neighbor watersheds. According to a survey conducted in
the irrigated area, the average wheat yield of 2300 kg/ha has been identified that
of increase to 4300 kg/ha [32].

Irrigating the dry agricultural lands may ensure reducing the fallowed areas
that will increase crop yield and change the crop pattern towards the industrial
crops as a response. At the completion of the project wheat production and ac-
cordingly yield is estimated to increase 87%, which will be a significant contri-

bution to food security.

5.3. East Anatolian Project

East Anatolian Project (DAP) involved in 15 provinces covers 23% of the surface
area of Turkey. Within the scope of the project, it is planned to irrigate 1.4 m ha
of agricultural land in the region. With the DAP Project, 35 irrigation projects
have been completed and 525,000 ha (37%) of land has been opened to irriga-
tion. Investments in 44 irrigation projects are also continuing [17].

According to a survey conducted in Erzurum, the average wheat yield of 3780
kg/ha has been identified that as an increase to 4960 kg/ha [33]. At the
completion of the project improved irrigation, and enlarged irrigated areas in
the region will increase the wheat yield by 31% as a significant contribution to

food security.
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5.4. Other Irrigation Projects

Eastern Black Sea Project (DOKAP) has nine provinces and constituting 7.5% of
the surface area of Turkey. These provinces are Samsun Tokat, Giresun, Istan-
bul, Ordu, Giimiishane, Bayburt, Rize, and Artvin. 41% of the irrigation projects
in the region are completed, 17% are at the construction stage, and 42% are at
the planning or project stage.

Thrace Development Project (TRAGEP) covers the provinces of Edirne, Kirk-
lareli, Tekirdag, and Canakkale. Within the scope of the project, 89 projects were
completed in the 2003-2020 period and 137,000 ha of land started to be irrigated
[17].

5.5. Irrigation Subsidies for Farmers

The Ministry of Agriculture and Forestry (MoAF) donates 50% of the cost of
investment to the modern-irrigation systems to extend the use of newer tech-
niques among the farmers. It is highly appreciated by the farmers as well that
these new systems are significantly more efficient than the older systems. Ac-
cording to MoAF, even with the 50% financial incentive, some farmers are not
able to start investments due to limited capital sources. A subsidy loan program
of which the interests for the loans are subsidized by the MoAF has started to
help these farmers to overcome the limited capital source difficulties.

MoAF has seen land consolidation as a tool to accelerate irrigation invest-
ments and reduce costs in recent years. Combining land consolidation with irri-
gation projects saves 40% on irrigation investments. When agricultural produc-
tion is carried out on dry land, small and scattered parcels, costs increase. The
Turkish government has proposed a number of changes in how inheritance

rights will be managed in the land consolidation and irrigation program [34].

5.6. Farmer Irrigation Organizations

After 1993, SHW transferred the maintenance and management of irrigation
canals that deliver water to approximately 2 m ha of land to local administra-
tions (village authorities or municipalities) and water user associations [26]. Ir-
rigation investment of SHW in Turkey is generally operating by irrigation asso-
ciations (372), cooperatives (269), municipalities (143), and village authorities
(189).

Irrigation associations and cooperations decide on the following matters: the
starting date of irrigation; the ending date of irritation; the order of irrigation
and the price of irrigation. The dates of irrigation will be declared to the farmers
in advance. These are also responsible for maintenance services.

The most significant cost factor for underground water irrigation coopera-
tions is energy. The share of energy costs in total production costs according to
plant varieties and irrigation methods can rise up to 17% [35]. The irrigation
cost is collected at the end of the harvesting season. But farmers are not willing

to pay the price of energy. So energy debt accumulates and leads to various
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problems every year. The payment willingness of energy costs has been found to
decrease depending on a young age and small family [36].

Irrigation cooperatives (1458) irrigate 497,000 ha of land with groundwater.
The provinces that provide the most irrigation with groundwater are Eskisehir
(192,000 ha), Isparta (72,000 ha), Izmir (38,000 ha), Aydin, Bursa, Diyarbakar,
Adana, and Edirne.

6. Agriculture and Food Security

Eradication of hunger and poverty and ensuring environmental sustainability
are among Millennium Development Goals of FAO [13]. Turkey has 24 million
hectares of arable land. While 15.4 m ha (66.7%) of this is cultivated, 3.4 m ha
(14.7%) is left fallow [37].

6.1. The Effect of Irrigation on Production

Climate and irrigation possibilities are the two major factors, which affect land
use in all regions, directly [38]. According to SHW calculations, 12 m ha of ag-
ricultural land in Turkey can be irrigated by modern irrigated systems. However,
only 6.4 m (53.3%) of the irrigable land has been opened for irrigation. Water
consumption in agriculture is predicted to increase from 43 billion km? to 64 bil-
lion km*® depending on the expansion of irrigated areas. However, considering
the increasing water demand of other sectors, it is estimated that the share of ag-
riculture in total water use will decrease from 72% to 64% [17].

The crop pattern where the lands are opened to irrigation has been completely
changed from monoculture production into polyculture production. As a con-
sequence, crop vield, accordingly, farmers’ income is increasing markedly. While
cereals (wheat, barley) are produced and fallow are made in dry agriculture, the
production pattern in irrigated agriculture is sugar beet, corn, cotton, wheat,
vegetables, and fruits. Grain yield in irrigated areas increased to an average of 4.6
tons/ha, cotton to 4 tons/ha, corn to 12 tons/ha. With irrigation, yield increase
was achieved in cereals by 166%, in legumes 239%, in sugar beet 95%, in cotton
292%, in corn 564%, in fruit 117%, in citrus 130% and in vegetables 134%. While
the production value in dry agriculture due to rainfall was 1990 TL/ha on aver-
age, it increased to 11,850 TL/ha with irrigation. The contribution of irrigated
agriculture (6.4 m ha) to food security in Turkey is calculated as 2/3. In other
words, Turkey’s agricultural production 2/3 is made in irrigated areas [17].

The Turkish government, which foresees that irrigation in arid areas is of vital
importance in terms of food security, has planned to open 8.5 million hectares of
cultivated land to irrigation by 2023 and targeted the Gross Agricultural Produc-
tion Value as 150 billion US $ [39]. However, since the necessary irrigation in-
vestments could not be made, it is not considered possible to reach the targets
set by the government. Developments regarding agricultural production value
according to TURKSTAT data are given in Figure 5.

The agricultural production value in Turkey, while US $ 37.4 billion in 1998,
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Figure 5. The agricultural production value in Turkey (billion US §).

US $ 21.3 billion in 2001 with the economic crisis’ has fallen. Production value
then increased rapidly and reached US $ 78.7 billion in 2010. However, due to
the depreciation of the Turkish lira, it decreased to US $ 51.4 billion in 2019. It is
seen that the agricultural production value decreased after the year 2010. This
situation is evaluated as a result of the reflection induced by macroeconomic

factors and climate change effects on agriculture in Turkey [40].

6.2. Food Sufficiency Balance

Turkey’s self-sufficiency rate in food security is given in Table 3. Generally,
wheat, sugar, fruits (except walnuts), and vegetables are sufficiently produced
from agricultural products. However, especially corn, sunflower, rape, dry bean,
and lentil cannot be produced sufficiently. Even in the last ten years, the insuffi-
ciency of legumes has increased. In the 2007-2017 period, there was a 26% in-
crease in sunflower production in self-sufficiency rates, and a decrease of 31.2%
and 34.9% in chickpea and red lentil production, respectively [37]. While the
self-sufficiency rates of citrus fruits and grapes increased in the fruit group, there

was no significant change in the vegetable group.

7. Conclusions and Recommendation

Turkey is emerging as a need for irrigation in agricultural areas because it has a
semi-arid climate. As it is not a country rich in water resources, it cannot benefit
sufficiently from the existing surface water resources. Since 1963, Irrigation in-
vestments were prioritized when the planned period of development began. Af-
ter the 2000s, the share allocated to irrigation investments from the general
budget started to decrease. SHW, which previously declared irrigable areas as 8.5
m ha, revised this figure to 12 m ha with pressurized irrigation investments. The
government aimed to irrigate an area of approximately 2.1 m ha with the South-

eastern Anatolia Project, Konya Plain Project, and Eastern Black Sea Projects. It
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Table 3. Self-Sufficiency rate of agricultural products in Turkey (2017).

Product Group Self-Sufficiency Rate (%) Product Group Self;itleft;l;ir)ency
Cereal, Oilseeds & Fruits,

Dried pulses 2007 2017 Vegetables 2007 2017
Wheat 96.5 111.7 Mandarin 159.2 194.5
Barley 97.3 90.2 Orange 108.7 197.9
Corn 81.4 73.3 Lemon 157.8 241.6

Sunflower 38.3 64.3 Grape 138.1 153.8
Rapeseed 8.4 70.3 Apple 120.0 127.5
Rice 60.5 67.2 Apricot 802.1 391.5
Dried beans 70.9 82.7 Hazelnut 993.2 501.7
Chickpea 118.7 87.5 Walnut 81.0 74.5
Red lentils 124.5 89.6 Tomato 111.5 110.7
Green lentils 50 56.5 Pepper 110 109.2
Tea 99.5 93.2 Potato 104.6 103.5
Sugar 97.8 116.1 Onion 111.2 108.2

has been calculated that the contribution of this area to be irrigated to agricul-
tural production and food security will increase by approximately 80% com-
pared to dry agriculture. However, it seems impossible to reach the 2023 targets
as sufficient financial resources cannot be allocated.

On the other hand, although the total amount of agricultural production did
not decrease, it is observed that the total agricultural gross product started to
decrease in US dollars after 2010 due to the developments in the macroeconomy.
Fruit and vegetable production and self-sufficiency rates have developed posi-
tively in the last 10 years, but especially pulses production has shown a negative
development. According to the cause and effect analysis made with the fishbone
diagram, it was seen that the most effective factor in food insecurity was irriga-
tion. Therefore, irrigation investments should be accelerated and irrigated areas
should be expanded before the negative effects of possible climate change in food
security emerge in the region. On the other hand, it is recommended that the
Ministry of Agriculture and Forestry increases its financial support to modern
irrigation systems, harmonizes the basin-based support system with SHW ba-
sins, updates the plant irrigation guide according to the product pattern and ex-

pands irrigation training.
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