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Article Info Abstract: Due to the fact that they can be preserved for extended periods of time 
and are utilized in virtually all cuisines, wheat and wheat products are the most 
popular grains to grow and produce. Beyond the current climate change impacts, 
closed national borders and growing limits for import-export products throughout 
the pandemic phase have caused governments to question their ability to produce 
enough food to meet their own needs in the short term. One of the objectives of 
this research is to determine what variables affect wheat self-sufficiency in 
Türkiye, which is one of the world's major wheat suppliers, and to develop 
recommendations for wheat production areas in the face of climate change's 
predicted impacts. With respect to Türkiye, wheat self-sufficiency data from the 
Turkish Statistical Institute (2000 to 2020) and regional climate change 
projections data from the General Directorate of Meteorology for the years 2050 
and 2080 were used to identify the most significant variables, as well as the 
relationship between those variables and self-sufficiency. The findings indicate 
that wheat production is the most essential component in achieving wheat self-
sufficiency and that climate change has a significant impact on wheat productivity 
and the areas where wheat is grown. Following this, the study concludes by 
detailing prospective wheat production regions in current great plain areas in the 
context of regional climate change projections, as well as critical policies for 
sustainable wheat cultivation. 
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1. Introduction  

The Covid-19 pandemic has affected not only health but also nutrition, food security, and food-
related approaches all over the world (FAO, 2020). Many routines, such as dietary priorities, 
consumption patterns, and eating habits, have evolved with time (Chenarides et al., 2020; Grashuis et 
al., 2020; Laguna et al., 2020). Many individuals have made it a priority to have access to food as well 
as to use and store it for extended periods of time. Similarly, during the epidemic period, there has been 
a surge in food stockpiling and panic purchasing (Nicola et al., 2020). The current tendency has also 
had an impact on the overall efficiency of the food system (Nchanji and Lutomia, 2021). While food 
security and self-sufficiency have risen to the top of the priority list on a macro level, a rising trend in 
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demand for critical nutrients and long-life foods (flour, bread, pasta, and so on) has been observed at the 
micro level. According to a study conducted by Ipsos Turkey (2020), pasta, legume, and flour, all of 
which can be stored at home, are among the top three food products whose use has increased the most 
during the pandemic. The situation in which various export restrictions on staple foods such as rice and 
wheat have been implemented as a result of the pandemic (Laborde et al., 2020) underscores the 
necessity of agricultural production and self-sufficiency at the same time.  

The European Food Behaviors Report (EIT Food, 2020) is a key source of information on food 
priorities and consumption behavior in the early pandemic period, revealing that flour saw the greatest 
increase in consumption (27 percent), followed by vegetables (27 percent), and fruits (32 percent). 
According to Google trends for 2020, 9 out of the top 10 most sought recipes are for various types of 
bread from around the world. Similarly, "ekmek” which means “bread” in Turkish, leads Türkiye's list, 
and the top ten recipes in Türkiye are all connected to wheat products, such as bread and pastries. These 
searches may provide as a measure of people's food choices and relationships with wheat during the 
pandemic lockdown period. A new conundrum has emerged: how to ensure that the most basic of 
nutritional commodities, such as wheat, are constantly available.  

When examining wheat self-sufficiency, both production-based and productivity-based 
elements should be considered. Self-sufficiency factors are determined as endogenous variables in this 
context, while climate change variables are determined as exogenous variables. Climate change affects 
agricultural production, productivity, and self-sufficiency in both direct and indirect ways. From this 
vantage point, the study's initial goal is to establish what factors contribute to wheat self-sufficiency in 
Türkiye agriculture. The article then focuses on how climate change would affect self-sufficiency and 
how this change will affect wheat production patterns and places in Türkiye. Although the term "self-
sufficiency" has multiple meanings in different settings, it is assumed in this study to mean a situation 
in which wheat output exceeds consumption. The study not only identifies the major determinants 
influencing wheat sufficiency, but it also establishes a framework for linking agricultural production 
and productivity. We focus on Türkiye because developing countries with fertile lands and agricultural 
potential, such as Türkiye, are critical to satisfying the world's growing population's food needs (FAO, 
2020b). At the same time, the study is one of the first in current studies on agricultural production, food 
security, and pandemics to bring wheat self-sufficiency into question in the face of climatic change. 

The study is structured as follows: it begins with a review of the literature on agricultural 
production and self-sufficiency from the perspective of food security, including productivity. In the next 
sections, we primarily focus on wheat self-sufficiency and production within Turkish agricultural 
production, as well as the influence of climate change on wheat production. The fifth section describes 
the study's methodologies and the materials employed. The sixth part, as a findings section, discusses 
the primary elements affecting wheat sufficiency in Türkiye, as well as wheat production scenarios 
under the impact of climate change in Türkiye for the years 2050 and 2080. In the following section, we 
address the consequences of factors that affect wheat sufficiency, the relationship between agricultural 
self-sufficiency and productivity, including wheat production and losses, and how wheat production 
patterns in Türkiye may alter as a result of climate change. Finally, the research finishes with strategies, 
evaluations, and recommendations for ensuring Türkiye's agricultural self-sufficiency in the future. 

1.1.Macro perspective: Agricultural production and self-sufficiency 
In Maslow's (1943) hierarchy of needs, physiological needs are at the top, and one of these is 

feeding. Throughout history, agriculture has been a major element in meeting the nutritional needs of 
human people. A shift from production to consumption through time has resulted in an increase in the 
area impacted by farming. The scarcity or surplus in the amount of agricultural production affects a wide 
range of social groups, from farmers' incomes to investments in agriculture-based industries, from raw 
material procurement to food safety (Trewin, 1999; Bayraç and Doğan, 2016). 

As the world's population grows, so makes the demand for food, and this trend is only expected 
to continue (Kruse, 2010). By the year 2050, food production must increase by 60% to meet this need 
(FAO, 2015). Access to food is known as one of the most essential human rights (UN, 1948). This right 
can be connected to the concept of food security, which is "the ability of all people to have access to the 
fundamental foods they require physically and economically at all times" when supply and demand are 
in balance (FAO, 1983). There are four primary components to food security, according to the World 
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Health Organization (WHO) (2019) and the Food and Agriculture Organization of the United Nations 
(FAO) (2006). Covid-19 has had a direct impact on these three pillars, particularly food availability 
(Laborde et al., 2020). The first step in providing food accessibility is to ensure that there is enough food 
to go around, and this is largely based on the availability of sustainable agriculture. 

Self-sufficiency can be defined in a variety of ways and measured in a variety of ways. Food 
self-sufficiency is defined by FAO (1999) as "the extent to which a country can meet its own domestic 
food demands from its own domestic production." Generally, self-sufficiency refers to a country's ability 
to meet its own needs in terms of production and consumption (Soltani et al., 2020). There are some 
analysts who define self-sufficiency as a country's ability to meet all of its food needs only through 
domestic production without being dependent on food imports (Clapp, 2017). We define wheat self-
sufficiency in this study as a supply of wheat that is equal to domestic demand and also provides surplus 
production of each type of wheat in the event of a predictable condition like climatic change or an 
uncertain period like a pandemic. 

The primary goal of agricultural production in most countries is to ensure that the population 
receives adequate and balanced nourishment. As part of a country's agricultural self-sufficiency, 
agricultural production is critical to preventing excessive foreign dependency (Acar and Aytüre, 2014; 
Bayar, 2018). There are no sustainable agricultural policies or policies that provide self-sufficiency in 
production when they are not based on production and resource productivity (Gülçubuk, 2020). 
Increased agricultural production is linked to agricultural self-sufficiency. Increasing cultivation areas 
is one of the most important methods for boosting agricultural production, and another is to enhance 
yield per unit area (Tuğay, 2012) while minimizing food losses. However, as arable land gets depleted, 
it is vital to find new ways to produce more goods with the help of already available agricultural inputs 
(Erçakar and Taşçı, 2011). As a result, the research focuses on preserving existing habitats and 
improving agricultural production and productivity.  

Storage, marketing, and product price are just a few factors that can affect productivity. Other 
factors include the fragmentation of land, climatic conditions, land ownership, and organization, as well 
as agricultural inputs (seeds, fertilizers/pesticides) and irrigation (Mentz and Slater, 1999; Çelik, 2000). 
However, chemical inputs, seed advances, mechanization, expansion of arable land, and activation of 
irrigation potential might be represented as the most important variables in increasing agricultural 
production (Bayramoğlu, 2010). A second element that has an impact on production and productivity is 
the amount of food that is lost. In the food supply chain, food loss refers to a drop in quality and/or 
quantity losses. High food losses put the nation's food supply at risk (Keding et al., 2013). Due to food 
losses, there are more uncertainties and hazards. Food waste accounts for 14 percent of the world's food 
losses each year (FAO, 2020a). During the stages of food production, harvesting, and post-harvest 
activities (storage, processing, distribution, and consumption), food losses occur.  

According to the level of development of the countries, food losses may vary (FAO, 2013). In 
middle- and high-income countries, the majority of food loss and waste occur in the distribution and 
consumption stage (FAO, 2011; Prusky, 2011; Permanandh, 2011). Food losses occur all the way up 
the food supply chain, despite the fact that food waste happens at the consumer and retail level (Cattaneo 
et al., 2020). The majority of the loss occurs during the production and post-harvest phases in low-
income countries as well (FAO, 2011; Prusky, 2011; Permanandh, 2011). 

1.2. Micro perspective: Agricultural production and self-sufficiency   

In terms of total agricultural land and arable land amount, China and the United States are the 
two pioneer countries around the world. In addition to having an important agricultural land potential, 
Türkiye comes after its neighboring countries Russia and Ukraine (Figure 1.).  
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Figure 1. Agricultural Land- Total/Arable and Permanent Cropland, Thousand ha. (OECD, 2021). 

To maximize output in Türkiye's agricultural sector, increasing the amount of arable land 
available for cultivation is a vital consideration. Because the amount of arable land in Türkiye is nearing 
its maximum, it is impossible to increase the boundaries of agricultural land, as is the case in many other 
countries (Bayar, 2018). Table 1. shows that since the 1980s, total agricultural land and cultivated land 
have decreased. On the map, wheat production areas and productivity values with the plain areas for 
2020 are given (Figure 2.). The map shows that while Central Anatolia and Southeast Anatolia have a 
high-rate production in wheat, the west of Southeastern Anatolia, the east of the Mediterranean region, 
the west of the Aegean region, and the Marmara region have become prominent in terms of wheat 
productivity with the remarkable values. 

Table 1. Total agricultural land and total arable/permanent cropland, Türkiye 

Years 1960      1970 1980 1990 2000 2010 2020 
Total arable and 
permanent 
cropland 
(thousand ha)  

25.324 27.339 28.182 27.856 26.379 24.394 23.145 

 1990  1995 2000 2005 2010 2015 2020 
Total 
agricultural land 
(thousand ha) 

42.033 39.212 38.757 41.223 39.011 38.551 37.762 

Source: TURKSTAT, 2021 (https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-111&dil=1) 
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Figure 2. The map of wheat production and productivity values of Türkiye, 2020. Source: Based on 

the data derived from TURKSTAT (2020), map is prepared by the authors. 

Besides the high input prices, Türkiye's agricultural land structure is exceedingly fragmented 
and small as a general concern (Demirdöğen et al., 2016). Although generalizations cannot be made for 
all agricultural products, irrigation and mechanization are not possible in small and fragmented areas. 
As a result, agricultural production and productivity are significantly impacted. In developing countries, 
95% of food losses are due to "unintentional" mishaps that occur in the early stage of the supply chain 
(FAO, 2018). In Türkiye, most of the country's food losses occur during the production process. Fruits 
and vegetables suffer the greatest losses in plant/crop output, while grains suffer the least (Tatlıdil et al., 
2013). 

Wheat has been grown in Türkiye for more than a thousand years (Atalan-Helicke, 2019). After 
the financial crisis of 1929, official policies aimed primarily at wheat production in terms of agricultural 
policy in Türkiye. Wheat assistance purchases and price intervention were first implemented in 1932 
under statute number 2056. Wheat was the target of price regulation and corrections under this statute 
(Silier, 1981). The second half of the 1930s saw the continuation of precautionary measures for wheat 
purchasing, such as the free charge of seeds, increased custom charges on wheat imports, and support 
for agricultural cooperation (Margulies and Yıldızoğu, 1990). At the end of the 1930s, wheat, which had 
been primarily an import, began to be exported (Özdinc, 2010). While wheat production grew in the 
1950s, it relied on growing farmland, after the 1970s, it relied on a gain in productivity (Aysu, 2018). 
Since the 1980s, neoliberal policies and the free market have had a major impact on agricultural policies, 
and the state monopoly in the wheat market has shrunk as a result. Wheat production has not changed 
much in the recent three decades. However, imports of wheat have risen sharply in tandem with the 
country's growth as an exporter of flour (wheat) in the 2000s (FAOSTAT, 2021) (Figure 3.).  
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Figure 3. Timeline of wheat policies in Türkiye. 

 
Türkiye is the 10th-largest agricultural exporter in the world, accounting for about 3% of global 

output (FAOSTAT, 2021; TMO, 2020). When it comes to grains, wheat is the most widely consumed 
and produced product (Demirbaş and Atis, 2005). Wheat accounts for 28 percent of the world's total 
cereal production, which totals 2.7 billion tonnes (FAO, 2021; USDA, 2021). About 66% of the world's 
wheat production is made by these five countries: China, India, the United States, and the Russian 
Federation (TEPGE, 2021, FAOSTAT, 2021). Türkiye accounts for around also 3% of global wheat 
production and ranks first in the world in terms of exports of processed wheat (wheat flour) (FAOSTAT, 
2021). 

Türkiye imports wheat primarily from Russia (62%) and Ukraine (15%) (TEPGE, 2021). 
Türkiye's wheat imports will be affected by any conflict between Russia and Ukraine that has an impact 
on wheat production in Russia and Ukraine. While 44 percent of Türkiye's cultivated grain fields are 
dedicated to wheat production (TURKSTAT, 2021), in terms of wheat exports, the country is a leader 
in both raw and processed wheat products (FAOSTAT, 2021). Türkiye's production has increased, even 
though the country's agricultural land has decreased during the past 15 years, as indicated in Figure 4. 
Because of the shrinkage of arable land, it is logical to assume that greater production is associated with 
higher productivity. Proof that production is greatly affected by productivity. 

 

    

Figure 4. Wheat Sown Area, Production and Productivity, Türkiye. Source: FAOSTAT, 2021; 
TURKSTAT, 2021. 

 The last five years of data (2014-2019) demonstrate that wheat is among the top five items for 
international commerce with its many varieties, according to the Turkish Federation of Food and Drink 
Industry Associations (TGDF, 2020). Wheat flour and pasta are two of the top three exports, whereas 
durum wheat is the most common import. Even though the export value of wheat products is larger than 
the import value of durum wheat, wheat self-sufficiency should be studied in detail in the event of an 
emergency. 

Wheat self-sufficiency is a concept that is met when looking into wheat production in depth. 
For example, how much of a product's demand in a certain location is met by local manufacturing. The 
TURKSTAT (2021a) report on self-sufficiency values notes that a percentage value of less than 100 
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indicates a shortage of supplies, whilst a percentage value of more than 100 indicates a surplus that may 
be stored or exported. The formula that is used by TURKSTAT is  

[Self-sufficiency = (Usable Production / Domestic Use)*100]. 
There have only been nine years in the last 20 years in which wheat self-sufficiency was between 

95 and 100 percent on average in Türkiye, according to TURKSTAT (2021). (Figure 5). Despite 
Türkiye's apparent wheat self-sufficiency, the long-term viability of this position must also be 
considered. 
 

Figure 5. Degree of wheat self-sufficiency in Türkiye. Source: TURKSTAT, 2021. 

Since the 1950s, increasing levels of greenhouse gas emissions have signaled the onset of 
climate change. Temperatures rise as a result of increased greenhouse gas and CO2 emissions, and 
precipitation patterns alter as well (IPCC, 2018). Climate change is affecting the environment, society, 
and economy, and agricultural food production is one of the most affected areas. Increases in high 
temperatures and decreased precipitation have led to an increase in drought, a drop in soil moisture, and 
a fall in crop yields (FAO, 2016). 

Climate change has a significant impact on the world's primary grain products, including wheat. 
For each degree Celsius increase in temperature, global wheat yield is predicted to be lost by 6.0 ±2.9% 
(Zhao et al., 2017). Climate change may lead to a progressive decline in wheat planting areas due to an 
increase in average sunshine duration in wheat-producing regions (Karapınar et al., 2020). A wide range 
of climates is suitable for wheat. However, highly humid and hot climates are detrimental to the crop's 
growth. The ideal climate for growing wheat calls for temperatures ranging from 5 to 15 degrees Celsius 
and annual precipitation of 500-600 millimeters (mm) in order to achieve excellent yields (KTB, 2016). 

Located in the semi-arid climate zone, Türkiye is one of the regions most affected by climate 
change. According to experts, most of Türkiye's wheat-producing regions, including Central Anatolia 
and Southeastern Anatolia, are likely to be faced with more severe and frequent droughts in the future 
decades (OECD, 2021). Climate change is anticipated to reduce wheat cultivation area, wheat 
production, and yield in seven regions of Türkiye in 2050 and 2080 (Dellal, McCarl & Butt, 2011; 
Eruygur and Özokçu, 2016; Dellal and Ünüvar, 2019). This is due to the increase in temperature and 
decrease in precipitation. Figure 6. below shows the estimated values for wheat by region based on 
existing studies in the literature. 
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Figure 6. The estimated values for wheat by regions for 2050 and 2080. Source: Based on studies of 
Dellal, McCarl & Butt, 2011; Eruygur & Ozokcu, 2016; Dellal&Ünüvar, 2019. Graph is prepared by 

the authors. 

2. Material and Methods  

The study is organized into two sections: statistical and spatial data analysis. As a first step, we 
looked at statistics on Türkiye's wheat values to determine its level of wheat self-sufficiency. The current 
variables on wheat self-sufficiency by TURKSTAT have been used to determine the primary factors of 
self-sufficiency. A table including sixteen variables (wheat production, area sown, harvest losses, 
Supply=Use, Usable production, Imports, Imports EU 27-28, Domestic use, Seed use, Animal Feed, 
Human consumption, Losses, Exports, Exports EU 27-28, Change in stocks, and Human consumption 
per capita) is used by TURKSTAT to explain the wheat self-sufficiency values. These TURKSTAT-
determined variables are intimately linked to wheat production and consumption, as well as export and 
import. It is clear from the table content that every variable has some bearing on wheat production, even 
if they are not all included in the self-sufficiency calculation (TURKSTAT, 2021). In this study, the 
most recent TURKSTAT data on wheat self-sufficiency in the ten-year period from 2000-2001 to 2020-
2021 was used.  

The study examines how the variables listed in the wheat self-sufficiency table affect the 
concept's meaning. It is required to employ a method to establish the relationship between the value of 
self-sufficiency and the other variables in order to identify which variable is the most effective. To begin, 
we used a Chi-square test to see if the variables and self-sufficiency scores are linked or dependent on 
one another. The Chi-square test shows that one cell (25.0 %) have an expected count is less than 5. 
Fisher's Exact Test results are utilized when this rate is greater than 20%, and the frequency value in a 
2x2 table is less than 5. (Suresh, 2019; UPENN, 2008). Additionally, a correlation analysis was carried 
out to verify the validity of the findings. If there is a correlation between two or more variables, the 
strength and direction of the association can be determined using this technique. Both methods are 
appropriate for this study's purpose. While the wheat self-sufficiency value is a dependent variable, the 
other values are the study's independent variables. In the first step, the goal is to identify the most 
important endogenous variables that contribute to self-sufficiency. 

In the subsequent phase, we focus on exogenous variables such as climate change. There are 
three general kinds of research on wheat yields in Türkiye and four studies on specific regions, according 
to the literature. In this context, studies on Türkiye from all regions are uncommon. Due to this 
limitation, wheat yield values in this study were relied on average projections from regional studies. In 
order to make an assessment of climate change, basin-based temperature and precipitation forecasts in 
the TR2015-CC report (Yeni Senaryolar ile Türkiye İklim Projeksiyonları ve İklim Değişikliği) of the 
Turkish State General Directorate of Meteorology were used. We processed the temperature and 
precipitation projections data produced by the General Directorate of Meteorology for basins according 
to the RCP8.5 scenario and GFDL-ESM2M global model in the Arc-GIS 10.7 program. Temperature 
and precipitation projection data for the years 2050 and 2080 were used in the study since these are the 
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base years of the yield studies obtained from the literature (see Dellal, McCarl & Butt, 2011; Eruygur 
& Ozokcu, 2016; Dellal&Ünüvar, 2019). Using TURKSTAT (2021) high wheat production and yield 
statistics, great plain borders, regional yield studies, and climate change estimates, we analyzed climate 
change's effects on wheat yield/productivity in Türkiye. Great plain boundaries were constructed in 
ArcGIS 10.7 by digitizing plain boundary coordinates (X-Y coordinates) data obtained from the Turkish 
Ministry of Agriculture and Forestry's Agricultural Land Assessment and Management Automation 
(TADPortal) website. 

3. Results and Discussion   

As previously stated, in order to assess the association between wheat self-sufficiency and the 
other variables using TURKSTAT self-sufficiency data, the Fisher's Exact Test value was applied to the 
chi-square test table in the analyzing section. This test just displays the p-value that can be tracked on 
the exact sig column (2-sided). 

Table 2. Results of Chi-Square Test 

Variables  Valueª df p 

Wheat Production  13.747 1 0.000 
Area Shown  0.043 1 1.000 
Harvest Losses  3.834 1 0.086 
Supply Use 0.043 1 1.000 
Usable Production 13.747 1 0.000 
Imports 0.043 1 1.000 
Imports EU* 0.095 1 1.000 
Domestic Use 2.376 1 0.198 
Human Consumption 5.838 1 0.030 
Seed Use 0.043 1 1.000 
Animal Feed  1.173 1 0.395 
Losses  3.834 1 0.086 
Exports  1.173 1             0.395 
Exports EU* 0.095 1             1.000 
Change in Stocks 3.834 1             0.086 
Human Consumption  0.043 1             1.000 
per capita (kg)    

*Except for these variables [a.2 cells (50.0%)], Fisher's Exact Test a.1 cells (25.0%) have an expected count of less than 5. The minimum 
expected count is 4.76. 

Wheat production and Useable production are significant at a 99 percent confidence level 
(p=0.000; p <0.01), and human consumption is significant at 95 percent (p=0.030; p<0.05), according 
to p-value data. In addition, losses, harvest losses, and stock change are all significant at 90% (p=0.030; 
p<0.10). According to the findings, wheat self-sufficiency is primarily determined by wheat production 
and usable production, with human consumption coming in second. Losses and stock changes are also 
significant, but only in the third degree (Table 2.). 

The correlation analysis is used to determine the strength and direction of the association 
between wheat self-sufficiency and the factors. The value (r) can range between -1.0 and 1.0, indicating 
both a negative and positive correlation. Correlation is moderate if the value of r is 0.40 ≤ r <0.60. If the 
number is 0.60 ≤ r <0.80, this indicates a strong positive correlation. If the number is more than 0.8, it 
indicates that the variables have a very strong positive connection. 
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Table 3. The results of the correlation analysis 

  Wheat 
Production 

Usable 
Production Losses  Harvest 

Losses  
Human 
Consumption 

Domestic 
Use  

Degree of 
self 
sufficiency 
(%) 

Degree of 
Self-
Sufficiency 
(%) 

Correlation 
Coefficient   0.831** 0.787** 0.612** 0.589** -0.529* -0.488* 1.000 

 Sig.(2-
tailed)  0.000 0.000 0.003 0.005 0.014 0.025  

**Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed). 

Table 3. displays the values for which the association is significant at the 0.01 level (99 percent). 
The correlation of four variables (wheat production, harvest losses, useable production, and losses) is 
significant at the 0.01 level, according to correlation analysis. The r-values demonstrate a very high 
positive association between wheat production and wheat self-sufficiency. Then, a high positive link 
with usable production is discovered, as is a moderate positive correlation with harvest losses and losses. 
On the other hand, the correlation of two variables (human consumption and domestic use) is significant 
at the 0.05 level. Wheat self-sufficiency has a moderate negative correlation with human consumption 
and domestic use, as expected. 

When the Chi-square test and the Correlation analysis are compared, it appears that wheat 
production is the most important variable in wheat self-sufficiency. Usable production is a significant 
factor as wheat production value. Both analyses share these two characteristics. Production and self-
sufficiency are believed to have a positive and directly proportionate relationship. In parallel with the 
Chi-square test, harvest losses and losses have become prominent as another significant factor in the 
correlation analysis. This positive correlation is based on the relationship between production and losses. 
This outcome was anticipated because, as production increases, so make losses (Figure 7.). The main 
point is to repurpose all types of waste in the consuming process. 

 

 
Figure 7. Variables of Wheat Production and Losses from 2000 to 2021, Türkiye (TURKSTAT, 2021). 

In addition, consumption values, including human consumption and domestic use, are factors 
that negatively affect self-sufficiency. In the Fisher's Exact Test, human consumption is linked to wheat 
self-sufficiency. The correlation between human consumption and domestic use is significant at 0.05 
level, and there is a moderate negative association (r= -0.529 and r= -0.488) with wheat self-sufficiency. 
This suggests that these elements have an inverse relationship with wheat self-sufficiency in the 
correlation analysis. 
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Both analyses show comparable results in terms of which variables have a greater impact on the 
degree of wheat self-sufficiency. The most essential component for the degree of self-sufficiency is all 
types of wheat production, including usable and total values. At the same time, all types of losses, 
including harvest and total values, emerged as important factors for wheat self-sufficiency in both 
analyses. Another important issue is that consumption and domestic use factors are negatively related 
to wheat self-sufficiency. 

In terms of climate change, the increase in warmth and decrease in precipitation are predicted 
to have a negative impact on conditions, particularly in the Eastern Mediterranean, Eastern Anatolia, 
Southeastern Anatolia, and Central Anatolia regions where wheat production and yield are high. The 
maps for the years the 2050s and 2080s were made using the General Directorate of Meteorology's 
temperature and precipitation projections, as well as wheat yield estimation findings obtained from the 
regional studies, which were added to maps and integrated with large plain areas. The yield forecast 
estimates provided by the regional studies were compared to the temperature and precipitation forecasts 
to determine whether regions' wheat production conditions could be adversely affected. According to 
the findings of the studies, wheat yield is affected by temperature and, in particular, precipitation. While 
average yearly precipitation of 500-600 mm results in higher quality and more productive wheat, the 
average precipitation in Türkiye's regions has ranged from 400 (Central Anatolia) to 700 (Black Sea) 
mm over the last ten years. Wheat production is heavily dependent on precipitation, and when there is 
little precipitation, yield suffers. 

The temperature will rise in all regions of the country in the 2050s, according to climate change 
forecasts shown in Figure 8., while precipitation will decrease in general except for the East Black Sea 
region and around Hatay province. It is projected that yield will be lower in areas where the temperature 
and precipitation are lower. However, the yield is expected to decline at a slower rate in the Black Sea 
and Aegean regions than in other regions. For example, while precipitation is anticipated to fall by up 
to 30 percent in the Konya Plain and its immediate surroundings, the study's findings reveal that yield 
will decline by 7.4 percent in the Central Anatolia region. With 7.2 percent, the Marmara area comes 
second in terms of yield value decrease (Eruygur and Özokçu, 2016; Dellal and Ünüvar, 2019). The 
South-Eastern Anatolia region is another key production area that will be impacted by climate change. 
In this region, where the huge plains are densely located, the average precipitation is projected to fall by 
up to 15%, and yield will fall by 5.9% on average (Figure 8.). 

The average temperature in Eastern Anatolia and South-Eastern Anatolia is anticipated to rise 
by 5-6°C by the 2080s, according to forecasts shown in Figure 9. Following that, it is expected that 
temperatures in Central Anatolia, the Mediterranean, and the Southern Aegean will dramatically rise by 
3.5 -4°C. Precipitation in Türkiye will decrease by more than 15% in the 2080s, while precipitation in 
the western Mediterranean region decrease by more than 30%. Furthermore, when all regions are 
considered, the regions with the greatest reduction in wheat output in the 2080s are South-Eastern 
Anatolia, Central Anatolia, and Eastern Anatolia. Wheat yield declines are expected to be less severe in 
the Aegean and Black Sea regions. South-Eastern Anatolia is one of the locations with high production 
and productivity, as well as tightly packed huge plains. However, as indicated in Figure 9., the yield in 
the South-Eastern Anatolia region is expected to fall the most, by an average of 11.85 percent in the 
2080s (Eruygur and Özokçu, 2016; Dellal and Ünüvar, 2019). 

The region of South-Eastern Anatolia is followed by the region of Central Anatolia, where both 
production regions are concentrated, and yields will decline by an average of 11.5 percent owing to 
climate change (Eruygur and Özokçu, 2016; Dellal and Ünüvar, 2019). The Konya Plain, one of 
Türkiye's largest plains, is located in Central Anatolia, which has the highest wheat production in the 
country. Furthermore, as temperatures rise in the Eastern Anatolia region, it is projected that production 
areas will suffer, and yields will plummet dramatically (Figure 9.). 

In conclusion, the research findings first reveal that the most important variable affecting self-
sufficiency is wheat production. Losses and human consumption are also significant variables. It is 
obvious that providing self-sufficiency is fundamentally dependent on the production and its 
relationship to other challenges. Second, current climate change forecasts and analyses reveal that the 
effects of climate change will steadily rise, and this shift will have a detrimental impact on wheat 
production. Wheat production will decline if adequate precipitation is not delivered and temperatures 
rise. According to forecasts for the 2050s and 2080s, the primary wheat production areas of Central 
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Anatolia, South-Eastern Anatolia, Eastern Anatolia, and Eastern Mediterranean will be the regions most 
affected by climate change in terms of wheat yield and production.   
 

Figure 8. Average Annual Temperature and Precipitation Change by RCP 8.5 Scenario and Wheat 
Productivity Forecasts (2050s).  Source: Prepared by the authors. 

 

 
Figure 9. Average Annual Temperature and Precipitation Change by RCP 8.5 Scenario and Wheat 

Productivity Forecasts (2080s).  Source: Prepared by the authors. 
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Conclusion and Recommendations  

Due to the Covid-19 pandemic, which has been described as an unpredictable crisis, there has 
been a spike in the consumption of foods that can be stored at home for an extended period. Furthermore, 
essential foods such as wheat and wheat products such as bread, pasta, and flour are becoming more 
consumed products around the world. Self-sufficiency and fulfilling domestic food demands have 
become a major concern for many countries, particularly following recent food trade restrictions. 
Similarly, in terms of domestic demand and production potential in Türkiye, wheat has emerged as an 
important agricultural product. From this vantage point, whether wheat output fulfills domestic demand 
and/or what factors influence wheat self-sufficiency has emerged as a key research subject. 

To explore wheat self-sufficiency, we focused on endogenous and external variables. To begin, 
we used TURKSTAT's wheat self-sufficiency statistics (2000-2020). The Chi-Square Test and 
Correlation Analysis were used to investigate the association between wheat self-sufficiency and the 
other factors. According to the findings of the analysis, wheat production has been the most important 
variable in terms of self-sufficiency. This production value encompasses all types of production, such 
as useable production. This finding is consistent with previous research that has highlighted the 
relationship between agricultural self-sufficiency and production. Aside from production, losses are a 
significant challenge for self-sufficiency. As stated in the literature, providing food security and self-
sufficiency is dependent on the balance between agricultural production and losses. Second, productivity 
is an important factor in increasing output. Productivity is intimately tied to production; a decrease in 
productivity has a direct impact on self-sufficiency. Climate change, as an exogenous element, is quite 
effective at this stage. The analyses revealed that rising temperatures and decreasing precipitation would 
have a detrimental impact on wheat yield and productivity. Wheat yields are anticipated to fall in all 
regions of Türkiye in the 2050s and 2080s because of climate change.  

In order to guarantee self-sufficiency and food security, arrangements should be established to 
ensure the long-term viability and productivity of regional wheat production throughout Türkiye. For 
instance, agricultural infrastructure should be developed from production through post-harvesting, 
including all linked issues, within agricultural policy. Furthermore, in terms of wheat policy, the 
government should help producers, and agricultural incentives for wheat should be expanded and 
administered at the level of developed countries. The buying price should be set at a greater level than 
the cost. Furthermore, input costs should be reduced. It could be solved with a solid technology 
foundation and agricultural innovation. Even if these new investments are overpriced, they offer 
significant potential for long-term production efficiency. 

Under these conditions, increasing production and productivity is largely concerned with 
preserving all of their current values, such as soil, seed, and so on. The initial phase in this process is to 
create intervention forms to enhance cultivated areas while still protecting existing wheat production 
places such as large plains and agricultural lands. As is well known, arable areas in many countries have 
nearly surpassed their carrying capacity. Thus, while only a few countries may be able to expand their 
agricultural regions, Türkiye may be one of them. Despite the fact that Türkiye uses the majority of its 
agricultural land, it may be possible to use all arable land and reduce fallow lands. Existing agricultural 
land should be protected and prevented from being misused while arable land is being used, with no 
exceptions. According to this viewpoint, the framework or border of agricultural policy should be 
formed within the contexts of sustainability, food security, and self-sufficiency. Moreover, in a country 
like Türkiye with small and fragmented agricultural regions, land consolidation and mobilization of 
sustainable irrigation potential should be prioritized in terms of production efficiency.  

In a nutshell, Türkiye, as a prominent agricultural country, should maintain present grain 
production potential for not only its own people but also for the global population. However, Türkiye's 
production is not at the expected level, despite the fact that it is self-sufficient in wheat. This research 
reveal providing self-sufficiency is fundamentally dependent on the production and its relationship to 
other challenges. It is obvious that climate change will also have a great long-term impact on 
productivity.  Thus, arrangements should be established to ensure the long-term viability and 
productivity of regional wheat production throughout Türkiye.  It can achieve this goal primarily by 
avoiding the loss of current agricultural areas suited for production and increasing productivity in 
accordance with climate change. A climate-change-compatible production model should be promoted 
in all locations where wheat production has already occurred or will occur, particularly in the regions of 
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South-Eastern Anatolia, Central Anatolia, Eastern Anatolia, and the Eastern Mediterranean. All of these 
reforms will secure the country's long-term food security and self-sufficiency. Finally, studies like this 
one, which is one of the priority projects for the relevance of agricultural production and its 
consequences in the pandemic process, should be expanded, particularly in agriculturally potential 
countries like Türkiye. These studies would benefit agricultural productivity in other producing 
countries throughout the world. 
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