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ABSTRACT  

This study examines the long-run effects of temperature change, 

number of tractors, cereal acreage, fertilizer consumption, and rural 

population on cereal yields using annual data for the period 1988-2022 

in Türkiye. The Autoregressive Distributed Lag (ARDL) model is 

applied to analyze the long-run relationships among the variables. 

Empirical findings show that all independent variables in the model 

have statistically significant long-run relationships with grain yield. 

The number of tractors, fertilizer consumption, and rural population 

have a positive effect on grain yield, while temperature change and 

grain cultivation area have a negative effect. In terms of positive 

effects, the rural population was identified as the most influential 

variable, followed by the number of tractors and fertilizer 

consumption. In terms of negative effects, the grain cultivation area 

has the most significant negative effect, followed by temperature 

change. The findings reveal that the efficient and productive use of 

capital (mechanization) and labor should be encouraged to increase 

productivity in cereal production; uncontrolled land expansion should 

be prevented by keeping unproductive areas out of cultivation; and 

climate change poses a structural threat to production. 
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Türkiye Örneğinde Tahıl Verimliliğinin Belirleyicileri 
 

ÖZET 

Bu çalışma, Türkiye’de 1988-2022 dönemine ait yıllık veriler 

kullanılarak sıcaklık değişimi, traktör sayısı, tahıl ekim alanı, gübre 

tüketimi ve kırsal nüfusun tahıl verimi üzerindeki uzun dönemli 

etkilerini incelemektedir. Değişkenler arasındaki uzun dönemli 

ilişkileri analiz edebilmek amacıyla Gecikmesi Dağıtılmış Otoregresif 

(ARDL) modeli uygulanmıştır. Ampirik bulgular, modelde yer alan 

tüm bağımsız değişkenlerin tahıl verimi ile uzun dönemde 

istatistiksel olarak anlamlı ilişkiler kurduğunu göstermektedir. 

Traktör sayısı, gübre tüketimi ve kırsal nüfus tahıl verimi üzerinde 

pozitif; sıcaklık değişimi ve tahıl ekim alanı ise negatif etki 

yaratmaktadır. Pozitif etkiler bakımından kırsal nüfus en yüksek 

etkiye sahip değişken olarak öne çıkarken, onu traktör sayısı ve gübre 

tüketimi izlemektedir. Negatif etkiler açısından tahıl ekim alanı en 

belirgin olumsuz etkiyi göstermekte, ardından sıcaklık değişimi 

gelmektedir. Bulgular, tahıl üretiminde verimliliği artırmak için 

sermaye (mekanizasyon) ve emeğin etkin ve verimli kullanımının 

teşvik edilmesi gerektiğini; verimsiz alanların ekime açılarak 

kontrolsüz arazi genişlemesinin önüne geçilmesi gerektiğini ve iklim 

değişikliğinin ise üretim üzerinde yapısal tehdit oluşturduğunu 

ortaya koymaktadır. 
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INTRODUCTION  

The accelerating pace of global climate change seriously threatens all areas of economic activity, especially sectors 

that are highly dependent on agriculture (Vaghefi et al., 2016). In addition to climate-induced adversities, the 

rapid increase in the world's population is also significantly increasing the demand for food, which puts additional 

pressure on agricultural production (Akalın, 2014; Matthews & Wassmann, 2003). The global demand for crop 

production is under pressure from two main dynamics: rising consumption of meat and dairy products due to 

population growth and income growth, and increased use of biofuels (Ray et al., 2013). These trends indicate that 

global food demand will continue to increase for at least the next four decades. Accordingly, competition for limited 

natural resources such as agricultural land, water resources, and energy is increasing, and the over-exploitation 

of fisheries is also an important factor threatening food production capacity (Godfray et al., 2010). In light of these 

global trends, Türkiye’s role in agricultural production has become a matter of great importance. 

Türkiye, which accounts for 0.8% of the world’s agricultural land, produces more than 1.29% of global production 

(Merdan, 2024). A significant portion of the farm output in Türkiye consists of grain products (Söylemez et al., 

2024: 289). Grain production holds a strategic place in agricultural systems due to its sensitivity to climate and 

environmental conditions and its status as a staple food. Examining the factors affecting grain productivity is 

critical for sustainable agricultural development and food supply security. The projection that the world population 

will reach 9.8 billion by 2050 necessitates a 70–100% increase in grain supply (Wang et al., 2018). This situation 

makes it inevitable to analyse grain productivity. 

Over the next decade, growth in global grain production is expected to be driven primarily by increased yields, 

intensive production practices such as multiple cropping, and, to a limited extent, the expansion of cultivated areas. 

To achieve this increase, it is critical to prioritize the dissemination of improved seed varieties, the adoption of 

modern agricultural techniques, and the more efficient use of human labor, financing, modern technologies, and 

agricultural inputs to increase yields per hectare or per animal, i.e., to increase agricultural productivity (Çelik, 

2000: 1; OECD-FAO, 2024). Cereal yield and production are, by their very nature, highly dependent on 

environmental conditions (Wang et al., 2018) and are exposed to multidimensional risks such as climate change, 

natural disasters, biological threats, resource scarcity, and market fluctuations (FAO, 2021). In this context, grain 

productivity is shaped not only by climatic conditions but also by the adoption of advanced agricultural technologies 

(Zhai et al., 2017), irrigation capabilities (Dudu and Çakmak, 2018), soil quality, fertilizer use (Chandio et al., 

2018), and the guiding effects of agricultural policies. Within this framework, grain production occupies a central 

place in agricultural production systems due to its nature as a staple food and its high sensitivity to environmental 

factors (Wang et al., 2018). In this context, Table 1 presents the production quantities of cereals and other plant 

products for 2023 and 2024, while Figure 1 presents cereal production, cereal yield, the amount of land used for 

cereals, and population growth rates for the period 1961-2023, to show concrete indicators of cereal production and 

productivity in Türkiye. 

When examining the data for 2023 and 2024 in Table 1, it is evident that total agricultural production in Türkiye 

declined by 5%, with the primary driver of this contraction being production losses in the cereals group. Indeed, 

cereals, which accounted for 53.1% of total production in 2023, declined to 51.7% in 2024, with significant declines 

in the production of strategic products such as wheat (-5.5%), maize (-10.0%), and barley (-12.0%). On the other 

hand, increases in some products such as rice in the husk (13.0%), buckwheat (12.9%), and especially sorghum 

(433.3%), which jumped from a low production level, are noteworthy. This decline in cereals was partially offset by 

a 17.7% increase in the potatoes, dried legumes, edible roots, and tubers category, as well as in oilseed (9.5%) and 

tobacco (9.5%) production. On the other hand, the 8.9% decrease in high-volume products such as sugar beets has 

put pressure on total production. Overall, Türkiye’s 2024 agricultural production pattern reflects the decisive 

impact of the 7.5% production loss, particularly in the cereals group. However, increases in the production of 

potatoes, dried leguminous, edible roots and tubers (17.7% increase), sugar cane (2246.7% increase), and oil seeds 

(9.5% increase) contributed to partially offsetting the decline in total production (Turkish Statistical Institute, 2024). 

According to Figure 1, cereal yields and production fluctuate during the period 1961-2023, but the general trend is 

upward. Population growth remained stable during this period. Cereal yield and production rates exceeded the 

population growth rate in many years, but in some periods, especially during sharp production declines, these rates 

lagged behind population growth. This indicates that the supply-demand balance may have deteriorated in these 

years. On the other hand, the significant decline in the area under cereal production since 2005 indicates that yield 

per unit area has become more important in this process. 

Grains, which constitute a significant share of agricultural production in Türkiye, are at the center of economic 

and social life, particularly regarding food supply security and the feed they provide to the livestock sector. Staple 

grains such as wheat, corn, and rice play a strategic role in the production chain and meet the population’s 

nutritional needs. 
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Table 1. Production of cereals and other crops (2023, 2024) 

Çizelge 1. Tahıllar ve diğer bitkisel ürünlerin üretim miktarlarını (2023, 2024) 

             (Tonnes) 

   Production   

Cereals and other crops 2023    

Share 

(%) 2024    

Share 

(%) Change (%) 

Total   79 449 572  100.0  75 476 989  100.0 -5.0 

Cereals  42 198 659  53.1  39 022 509  51.7 -7.5 

 Wheat   22 000 000  27.7  20 800 000  27.6 -5.5 

 Maize  9 000 000  11.3  8 100 000  10.7 -10.0 

 Rice in the husk   900 000  1.1  1 019 000  1.4 13.2 

 Barley    9 200 000  11.6  8 100 000  10.7 -12.0 

 Rye    305 000  0.4   257 000  0.3 -15.7 

 Oats    410 000  0.5   390 000  0.5 -4.9 

 Spelt     2 818  0.0   2 361  0.0 -16.2 

 Millet    4 101  0.0   3 774  0.0 -8.0 

 Canary grass    4 192  0.0   6 422  0.0 53.2 

 Mixed grain  0  0.0 0  0.0 0.0 

 Triticale    370 000  0.5   341 000  0.5 -7.8 

 Sorghum     18  0.0    96  0.0  433.3 

 Buckwheat    2 530  0.0   2 856  0.0  12.9 

Potatoes, dried leguminous, edible roots and 

tubers  7 011 447  8.8  8 249 224  10.9 17.7 

Oil seeds   2 704 108  3.4  2 775 620  3.7 2.6 

Tobacco   98 632   0.1   108 000  0.1 9.5 

Sugar beets  25 250 213   31.8  23 000 000  30.5 -8.9 

Sugar cane    15  0.0    352  0.0 2246.7 

Raw vegetable materials used in textiles  2 100 370  2.6  2 244 278  3.0 6.9 

Plants for perfumery, pharmacy and the like, 

seeds of forage plants   86 128  0.1   77 006  0.1 -10.6 

                

Source: Turkish Statistical Institute 

Note: Due to rounding, the percentages in the table may not add up to exactly 100%. 

 

 
Source: https://ourworldindata.org/ 

Figure 1: Changes in cereal production, cereal yield, land use and population in Türkiye (1961-2023) 

Şekil 1: Türkiye’de Tahıl üretimi, tahıl verimi, arazi kullanımı ve nüfustaki değişim (1961-2023) 
 

However, multidimensional risks such as climate change, natural disasters, limited resource availability, and 

market fluctuations are putting pressure on grain productivity, threatening production sustainability. Under these 

conditions, systematically examining microeconomic and environmental factors shaping grain productivity in 

Türkiye has become essential for policymakers and producers. This study contributes to the literature by 

examining the climatic, technological, and socio-economic factors that determine grain productivity in Türkiye 

https://ourworldindata.org/
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within a common model framework, distinguishing between short- and long-term periods. This approach clearly 

reveals the time-dependent variations in grain productivity. Furthermore, the findings obtained can be translated 

from micro-level producer behavior to macro-level agricultural policies, enabling the study to make a concrete 

contribution to policy design and implementation. 
 

LITERATURE REVIEW  

Productivity refers to the relationship between the inputs used in the production process and the outputs obtained. 

More specifically, productivity is defined as “the ratio between the quantity of goods and services produced and the 

inputs used in the production of these goods and services” (Bayramoğlu, 2010:). However, productivity is not solely 

dependent on the use of existing inputs; it is also influenced by external factors such as natural disasters, climatic 

conditions, and technological level. 

Production functions serve as an essential theoretical tool for analyzing productivity. The agricultural production 

function is generally a biophysical concept that reveals the relationship between the physical outputs of a specific 

product and the inputs used in its production (Özsabuncuoğlu, 1998). The first systematic analyses of agricultural 

production functions began in 1944 with studies by Tintner, Brownlee, and Heady, based on farm data. In the 

following period, the literature expanded to include aggregated data and gained an international dimension with 

the first cross-country comparative analysis conducted by Bhattacharje (1955) (Bravo-Ortega and Lederman, 

2004). 

Although different types of functions are used in the literature, the most commonly used structure is the Cobb-

Douglas type production function. For example, Özsabuncuoğlu (1998), in his study using data from the Southeast 

Anatolia Project (GAP) region for the period 1963–1989, estimated multiple linear, quadratic, and Cobb-Douglas 

production functions that included cultivated area, fertiliser use, and rainfall. The findings showed that the models 

were statistically significant, that irrigation was critical, and that the output elasticities of inputs were below 1. 

This study emphasises the importance of input utilisation in increasing wheat production. However, index-based 

methods are also used in measuring agricultural productivity, not just production functions. Among traditional 

approaches, the Fisher and Tornqvist indices stand out, while Malmquist total factor productivity (Bravo-Ortega 

& Lederman, 2004; Xu, 2012; Yaman et al., 2024) is also a frequently used method in the literature (Xu, 2012). In 

this context, while the theoretical foundations of productivity are shaped by production functions, measurement 

and analysis methods vary across contexts, contributing differently to the literature. 

In light of this methodological diversity and theoretical framework, numerous empirical studies in the literature 

examine the determinants of grain productivity. Analyzing the determinants of cereal productivity is critical for 

sustainable development and food security. Productivity is related to producers' resource utilization, cost 

structures, technological adaptation, and decision-making flexibility. Market conditions and risk perception are 

also among the important factors affecting this process (Wang et al., 2018). Numerous studies in the literature 

indicate that cereal crop productivity is affected by various factors (Ayele & Tamirat, 2020). For example, a study 

conducted in Nigeria using the maximum likelihood estimation (MLE) method shows that farm size, fertiliser use, 

and hired labour are adequate for the grain productivity of small-scale households; while land area, chemical 

fertiliser use, and hired labour were among the main factors supporting production increases (Amaza et al., 2006). 

In another study conducted in the Çukurova region of Türkiye, the relationship between climatic variables and 

cereal yields was examined using a time series analysis technique, and it was found that temperatures during the 

sowing, flowering, and harvesting periods were determinants of deviations in crop yields (Özkan & Akçaöz, 2003). 

In another study conducted in the USA, it was found that changes in annual average climatic conditions affected 

crop yield levels and yield variability, but this effect differed by crop type (Chen et al., 2004). In a study conducted 

in Poland, the effects of artificial fertilizer per hectare, pesticide consumption, certified seed use and average soil 

quality variables at the provincial level were examined; while the effect of certified seeds remained below 10 

percent, the effect of chemical inputs was calculated to be about 30 percent and the effect of soil quality was 

calculated to be about 60 percent (Wicki, 2009). Another analysis of selected countries found that rice and maize 

yields may be negatively affected by above-threshold increases in temperature and precipitation (Dasgupta, 2013). 

In a study conducted in Henan province, China, the response of wheat productivity to climate change and 

technological progress was analyzed; it was concluded that technical improvements significantly increased 

production, whereas the impact of climate change on yield per unit area was more limited (Zhai et al., 2017). Wang 

et al. (2018) reported that high greenhouse gas (GHG) concentrations will cause a global temperature increase, 

which may negatively affect food supply by inhibiting crop growth. In an analysis conducted in Türkiye, long-term 

relationships were found between climate variables and cereal yields; average precipitation increased yields, while 

CO₂ emissions and temperature changes had significant effects on yields (Chandio et al., 2020). Another study 

conducted in Rajasthan revealed that seed, fertilizer, labor, and irrigation water positively affect the production of 

certain cereal crops (Verma et al., 2021). In a study conducted in Ardahan province of Türkiye on cereal and fodder 
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crops productivity for livestock breeding, it was reported that climatic variables such as average temperature and 

total precipitation did not have a significant effect on yield (Eştürk & Mert, 2022). However, Yaman et al. (2024) 

use the Malmquist index method for 2009–2019 to demonstrate that agricultural productivity in Türkiye has 

increased significantly and that technological developments have played a decisive role in this increase. The study 

emphasises that technology-based policies and performance/incentive systems critically affect agricultural 

productivity. Therefore, while production functions provide a theoretical basis, index-based methods offer the 

possibility of comparison and differentiation in different contexts. Finally, Doğar and Çiçek (2025) examined the 

causal relationships between climate data for the period 1970–2023 and wheat and barley yields; the results of the 

Toda-Yamamoto test show that wheat yield is affected by temperature and the number of snowy days, while barley 

yield is affected by temperature, humidity, and the number of snowy days. The findings highlight the positive 

effects of temperature and precipitation, the adverse effects of moisture, and the number of snowy days, 

emphasising the decisive role of climate variables on grain yield in Türkiye. 

In countries such as Türkiye, which are highly dependent on cereals for their food supply, analysing the 

determinants of cereal productivity under climatic and structural pressures is critical for developing sustainable 

production policies. This study aims to identify the factors affecting cereal productivity in Türkiye and to analyse 

the short- and long-term effects of these variables on cereal yield. The main contribution of this study is that it 

addresses the productivity dimension of grain production in Türkiye at the microeconomic level, offering a unique 

contribution to the literature on environmental sustainability and production efficiency. Furthermore, given the 

limited literature on the subject, the findings are expected to guide decision-makers and policymakers. 

The agricultural productivity literature shows that this phenomenon is not solely dependent on input use but is 

shaped by climatic conditions, technological developments, and institutional policies. International studies 

emphasise the role of basic inputs such as fertiliser, labour, and irrigation on production and productivity. At the 

same time, examples from Türkiye reveal the effects of technological developments and climate variables on 

productivity. While production functions provide a theoretical basis, index-based methods enable comparison and 

differentiation across contexts, and addressing the determinants of productivity with different methods broadens 

the scope of analysis. 
 

MATERIAL and METHOD   

This study, which analyzes the determinants of cereal productivity in the case of Türkiye, uses annual data for the 

period 1988-2022. The reason for choosing this time period is that the largest dataset for the selected variables is 

available for this period. Definitions and source information for the data are presented in Table 2. The data used 

in the study were obtained from the official websites of national and international institutions, including the 

Turkish Statistical Institute (TurkStat), the Food and Agriculture Organization of the United Nations (FAO), and 

the World Bank (WDI). In the analyses, a logarithmic transformation was applied to all variables except the 

temperature change variable. 
 

Table 2. Definition of variables 

Çizelge 2. Değişkenlerin tanımı  
Variable Name Definition  Source 

TV Grain yield (kg/ha)  WDI 

S Temperature change on land (percentage change compared to the previous 

year) 

FAO 

TS Number of tractors (pcs) TUIK 

G Fertilizer consumption (kilograms per hectare of arable land). Fertilizer 

consumption measures the amount of plant nutrients used per unit of 

arable land. Fertilizer products include nitrogen, potash, and phosphate 

fertilizers (including ground rock phosphate). Traditional nutrients 

(animal and plant manures) are not included. 

WDI 

N Rural population (% of total population) WDI 

A Land under cereal production (hectares) WDI 

 

Descriptive statistics for the variables used in the study reveal the basic characteristics of the data set and provide 

information about the series's central tendency, distribution, and level of variation. Table 3 presents the basic 

statistics for these variables. 
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Table 3. Summary Statistics for Variables 

Çizelge 3. Değişkenlere Ait Özet İstatistikler 
  TV TS S G N A 

 Mean 3.40685 6.002555 0.825714 1.959315 7.339625 7.100384 

 Median 3.394084 6.009606 0.8 1.953958 7.348234 7.125188 

 Maximum 3.539666 6.183773 2.6 2.175054 7.369286 7.148188 

 Minimum 3.241073 5.816 -1.2 1.785426 7.290628 7.031277 

 Std. Dev. 0.078893 0.104931 0.815419 0.099413 0.024694 0.042317 

 Jarque-Bera 1.602199 1.522392 0.19356 1.463107 3.519706 4.458984 

 Probability 0.448835 0.467107 0.907756 0.481161 0.17207 0.107583 

Observations 35 35 35 35 35 35 

 

The mean and median values in Table 3 indicate the central tendencies of the series, while the standard deviations 

indicate their variability. The maximum and minimum values indicate the extreme points, while the Jarque-Bera 

test results suggest that the series are approximately normally distributed. There are 35 observations per variable, 

and the analyses are appropriate for the time-series structure. 

To analyze the determinants of grain productivity, the model, developed in line with Chandio et al. (2020) and the 

related literature, is presented in Equation 1. 
 

TVt=β0+ β1 𝑆𝑡  + β2 𝑇𝑆𝑡   + β3 𝐺𝑡   + β4 𝑁𝑡   +β5 𝐴𝑡   +εt                                                                                  (1) 
 

Information on the variables in Model 1 is presented in Table 1. The dependent variable in the model is grain yield, 

while the independent variables are temperature change, number of tractors, fertilizer consumption, rural 

population, and land used for grain production. In the model, β coefficients represent the parameters, t represents 

the time period, and ε represents the error term. The Autoregressive Distributed Lag (ARDL) method is used to 

estimate the model. 

The ARDL model was first proposed by Phillips and Loretan (1991) (Sevüktekin & Çınar, 2017) and later developed 

by Pesaran and Shin (1999) and Pesaran, Shin, and Smith (2001). The model allows estimation of both short- and 

long-run relationships between variables and stands out for its ability to eliminate endogeneity problems (Jebli & 

Belloumi, 2016). One of the most prominent advantages of the ARDL model, which is widely used, is that it allows 

testing the cointegration relationship even when the series have different integration orders. The model works 

under the assumption that the variables are integrated at the I(0) or I(1) level (Pesaran, et al., 2001) and differs 

from traditional cointegration tests in this respect. It is stated that it provides more reliable results compared to 

Engle-Granger (1987) and Johansen cointegration tests, especially in small sample sizes (Çil Yavuz, 2015). 

Moreover, by including lagged values of dependent and independent variables, the effects of past values of these 

variables on current and future values can be analyzed. In this respect, the ARDL model offers a dynamic structure 

that can simultaneously analyze short-run and long-run effects (Pesaran et al., 2001). The ARDL approach, which 

has a more flexible structure than the classical cointegration methods developed by Engle and Granger (1987), 

Johansen and Juselius (1990), and Phillips and Hansen (1990), allows estimation of both short-run and long-run 

parameters (Göksu & Balkı, 2023: 56). 

If the series to be used in the study are stationary at I(0) or I(1) level, the two-stage ARDL method can be applied. 

In this context, the Augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1979), Phillips-Perron (PP) (Phillips and 

Perron, 1989), and Zivot-Andrews (1992) structural break unit root tests were used to determine the stationarity 

levels of the series.  ADF and PP tests are among the traditional stationarity tests widely used in the literature. If 

non-stationary variables are included in the analyses, the problem of spurious regression, as introduced by Granger 

and Newbold (1974), may arise. Although high R² values and statistically significant t-statistics are obtained in 

such regressions, these results have no economic meaning (Enders, 2015). Therefore, correctly determining the 

stationarity properties of the series is of great importance for the reliability of the model estimates (Kapkara Kaya, 

2024). 

In the first stage of the ARDL method, it is tested whether there is a long-run relationship between the variables. 

If a cointegration relationship is detected, both short-run and long-run coefficient estimates are performed in the 

second stage of the method (Eştürk & Mert, 2022). To determine the existence of a long-run relationship, the 

unrestricted error correction model (UECM) should be estimated. This model is shown in equation 2.  
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Δ𝑇𝑉𝑡=γ0+  γ1𝑇𝑉𝑡−𝑖 + γ2𝑆𝑡−𝑖 + γ1𝑇𝑆𝑡−𝑖 + γ1𝐺𝑡−𝑖 + γ1𝑁𝑡−𝑖 + γ1𝐴𝑡−𝑖 + 

∑ 𝜆1𝑖 𝛥𝑇𝑉𝑡−𝑖
𝑚
𝑖=1 +∑ 𝜆2𝑖 𝛥𝑆𝑡−𝑖

𝑛
𝑖=0 +∑ 𝜆3𝑖 𝛥𝑇𝑆𝑡−𝑖

𝑘
𝑖=0 +∑ 𝜆4𝑖 𝛥𝐺𝑡−𝑖

𝑙
𝑖=0 +∑ 𝜆5𝑖 𝛥𝑁𝑡−𝑖

𝑘
𝑖=0 +∑ 𝜆6𝑖 𝛥𝐴𝑡−𝑖

𝑙
𝑖=0 +ut       (2) 

 

In model 2, γ and λ represent the coefficient matrix for the independent variables; γ0 represents the constant 

term; m, n, k, and l represent the optimal lag lengths for the explanatory variables; and u represents the error 

term.   

In order to test the existence of a cointegration relationship, the null hypothesis H0: γ1= γ2 = γ3 = γ4 = γ5 =0 is 

tested. The F statistic calculated at a given significance level is compared with the lower and upper critical values 

suggested by Pesaran et al. If the F statistic exceeds the upper bound, the null hypothesis is rejected, and the 

existence of a long-run relationship between the variables is accepted. On the other hand, if the F statistic is less 

than the lower critical value of I(0), the null hypothesis cannot be rejected, and it is concluded that there is no long-

run relationship between the variables. However, if the F statistic remains between the lower and upper critical 

values, the existence of a cointegration relationship between the variables cannot be concluded (Pesaran et al., 

2001). 

In case a long-run cointegration relationship between the variables is detected, we proceed to the second stage of 

the ARDL approach. In this stage, the long-run relationship is estimated using the ARDL method developed by 

Pesaran and Shin (1999). Lag lengths are determined through information criteria, and the long-run ARDL model 

is constructed accordingly. The related model is formulated as model no. 3. 
 

𝑇𝑉𝑡=γ0+∑ 𝜆1𝑖 𝑇𝑉𝑡−𝑖
𝑚
𝑖=1 +∑ 𝜆2𝑖 𝑆𝑡−𝑖

𝑛
𝑖=0 +∑ 𝜆3𝑖 𝑇𝑆𝑡−𝑖

𝑘
𝑖=0 +∑ 𝜆4𝑖 𝐺𝑡−𝑖

𝑙
𝑖=0 +∑ 𝜆5𝑖 𝑁𝑡−𝑖

𝑘
𝑖=0 +∑ 𝜆6𝑖 𝐴𝑡−𝑖

𝑙
𝑖=0 +ut     (3) 

 

In this study, lag lengths for all variables are determined using the Akaike Information Criterion (AIC) or Schwarz 

Bayesian Information Criterion (SBC). The short-run relationships between variables are analyzed through an 

error correction model (ECM) based on the ARDL approach. In the analysis of short-run relationships, model 

number 4 is estimated. 
 

Δ𝑇𝑉𝑡=γ0+∑ 𝜆1𝑖 𝛥𝑇𝑉𝑡−𝑖
𝑚
𝑖=1 +∑ 𝜆2𝑖 𝛥𝑆𝑡−𝑖

𝑛
𝑖=0 +∑ 𝜆3𝑖 𝛥𝑇𝑆𝑡−𝑖

𝑘
𝑖=0 +∑ 𝜆4𝑖 𝛥𝐺𝑡−𝑖

𝑙
𝑖=0 +∑ 𝜆5𝑖 𝛥𝑁𝑡−𝑖

𝑘
𝑖=0 +∑ 𝜆6𝑖 𝛥𝐴𝑡−𝑖

𝑙
𝑖=0

+ β 𝐸𝐶𝑀𝑡−1 +ut                                                                                                                               (4) 
 

The 𝐸𝐶M𝑡−1 variable in Model 4 is the one-period lagged value of the error terms series obtained from Model 3. The 

coefficient of this variable (β) is the rate adjustment coefficient and indicates how much of the imbalance in the 

short run will be corrected in the long run. This coefficient is expected to lie between 0 and -1 and be statistically 

significant. 
 

RESULTS and DISCUSSION  

Before analyzing the long-run relationship between grain yield and its determinants, it is necessary to determine 

the series' stationarity, which is the first application condition for the ARDL method. For this purpose, ADF and 

PP unit root tests were applied, and the results are presented in Table 4. 

According to Table 4 and the ADF test results, all variables are stationary at I(1), while according to the PP test 

results, only the temperature change is stationary at I(0), and the other variables are stationary at I(1). This result 

indicates that the necessary precondition for the ARDL method is met. Traditional unit root tests do not consider 

structural breaks and may therefore yield misleading results in stationarity tests. For this reason, the properties 

of the series were examined using the Zivot–Andrews (1992) structural break unit root test, and the findings are 

presented in Table 5. 

The unit root test results presented in Table 5 show that only the S variable is stationary in levels among the 

series, while the other variables have unit roots. The parallel results from the ADF, PP, and Zivot–Andrews tests 

ensure that the series' stationarity properties are reliably determined. This finding also supports the statistical 

appropriateness of the model for use in the analysis. In particular, the Zivot–Andrews test improves the accuracy 

of the results by accounting for possible structural breaks in the series. The tests revealed that the series have 

different integration orders, and none are stationary in second differences. This finding confirms the 

methodological appropriateness of the ARDL bounds test approach, which can accommodate both I(0) and I(1) 

variables. 
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Table 4. ADF and PP Unit Root Test Results 

Çizelge 4.  ADF ve PP Birim Kök Test Sonuçları 
 t-statistic probability 

Variables ADF PP ADF PP 

TV -0.9636 -0.7123 0.7545 0.8303 

ΔTV -13.2262 -24.6347 0.0000* 0.0001* 

S -2.0651 -3.7989 0.2593 0.0067* 

ΔS -6.9806 - 0.0000* - 

TS -0.4445 -0.4445 0.8900 0.8900 

ΔTS -4.2415 -4.2465 0.0022* 0.0021* 

G 1.7288 -1.8819 0.9994 0.3365 

ΔG -7.8267 -14.4931 0.0000* 0.0000* 

N -2.4117 -0.9271 0.3672 0.9410 

ΔN -3.2268 -3.2268 0.0967*** 0.0967*** 

A -0.6386 -0.5183 0.8487 0.8754 

ΔA -5.3231 -6.1035 0.0001* 0.0000* 

Note: Results are based on the Schwarz Information Criterion. *, ** and *** indicate that the series are stationary at 1%, 5% 

and 10% significance level, respectively. 

 

Table 5. Zivot-Andrews (1992) Structural Break Unit Root Test Results 

Çizelge 5. Zivot-Andrews (1992) Yapısal Kırılmalı Birim Kök Testi Sonuçları 
Variable Break Date Test Statistic 1% Critical Value 5% Critical Value Probability 

TV 2014 -1.985 -5.711 -5.155 0.9803 

S 1994 -7.583 -5.711 -5.155 0.01** 

TS 1999 -1.120 -5.711 -5.155 0.99 

G 2009 -4.003 -5.711 -5.155 0.4496 

N 1996 -4.317 -5.711 -5.155 0.2919 

A 2007 -0.768 -5.711 -5.155 0.99 

Note: Results are determined according to the Schwarz Information Criterion. In this context,  

the ARDL(1,3,3,3,2,0) lag structure providing the lowest SBC value was preferred. 

** indicates that the series is stationary at the 5% significance level. 

 

Table 6. Diagnostic Test Statistics 

Çizelge 6.  Tanısal Test İstatistikleri 

ARDL model Test t-statistic Probability 

 

 

 

ARDL (1,3,3,3,2,0) 

Breusch-Godfrey LM test 0.7151 0.3977 

Breusch-Pagan-Godfrey 17.035 0.4520 

Reset Test 0.1423 0.7121 

Jarque-Bera  0.8107 0.6667 

F 25.0451 0.0000* 

R2 0.9681 

Adjusted R2  0.9295 

CUSUM Stable 

CUSUMSQ Stable 

Note: * denotes 1% significance level. 

 

Using the ARDL method, the appropriate model for the relationship between grain yield and its determinants was 

determined to be ARDL (1,3,3,3,3,2,0). The validity of this model was tested with some diagnostic tests. The related 

statistical findings are shown in Table 6. According to the results in the table, it is statistically confirmed that 

there are no autocorrelation or variance problems, that the error terms are normally distributed, and that there is 

no problem with the functional form of the model. 

The diagnostic test results for the ARDL (1,3,3,3,2,0) model used in the study reveal the model’s overall suitability 

and the validity of the assumptions. The Breusch-Godfrey LM test rejects the presence of autocorrelation, 

indicating that the error terms are not sequentially correlated. The Breusch-Pagan-Godfrey test indicates no 

evidence of heteroscedasticity. The result of the Reset test, which tests the accuracy of the model’s functional form, 

supports the suitability of the model’s linear structure. The Jarque-Bera test shows that the error terms are 

normally distributed. 
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 Figure 2.CUSUM and CUSUMSQ Results 

Şekil 2. CUSUM ve CUSUMSQ Sonuçları 
 

The stability of the coefficients obtained from the ARDL (1,3,3,3,3,3,2,0) model, estimated to meet the purpose of 

the study, is tested using CUSUM and CUSUMQ analyses. CUSUM and CUSUMQ results are shown in Figure 2. 

As can be seen from here, CUSUM and CUSUMQ results are within the 5% confidence intervals and the 

coefficients obtained for the ARDL (1,3,3,3,3,2,0) model are stable. 
 

Table 7. Bounds Test Results 

Çizelge 7. Sınır Testi Sonuçları 
F-Statistic Significance Level I(0) I(1) 

 

5.6549 

% 1 3.06 4.15 

% 5 2.39 3.38 

% 10 2.08 3 
 

In Table 7, the F-statistic values obtained from the bounds test, along with the table's lower and upper bound 

values at the 1%, 5%, and 10% levels of significance, are presented. Accordingly, since the F-statistic for the model 

(5.6549) exceeds the table's critical upper bound at all levels of significance, it is determined that the series are 

cointegrated. Therefore, grain productivity and S, TS, G, N, and A series were added to the model as determinants 

of grain productivity that move together in the long run. Based on this finding, these variables affect grain 

productivity in the long run. 

In this study, which analyzes the determinants of grain productivity, the results on whether the error correction 

mechanism works, as well as the estimates of short- and long-run coefficients, are presented in Table 8. 

The short and long-run estimation results obtained with the ARDL model in Table 8 reveal both the temporal 

dynamics and structural effects of the main factors affecting grain yields in Türkiye. When the results of Model A 

are evaluated together, it is evident that the effects of some factors on grain yields differ in the short and long run; 

therefore, variables may respond differently across time. Notably, average temperature change has no significant 

effect on grain yield in the current period, but its short-term effect accumulates over time. However, it has a 

negative effect on grain yield in the long run (Loum & Fogarassy, 2015; Zaied & Cheikh, 2015; Bayraç & Doğan, 

2016; Ali et al., 2017; Husnain et al., 2018; Khan et al., 2019; Chandio et al., 2020; Onoja, 2021). The fact that the 

temperature (S) variable has a negative but relatively low coefficient in the long term indicates that grain 

production in Türkiye can partially adapt to temperature increases under current conditions. This suggests that a 

short- and medium-term adaptation process is underway through adjustments in variety selection, planting 

timing, and production techniques. However, given future projections of climate change, it should not be overlooked 

that temperature effects may not follow a linear pattern and that the negative impact on yield could increase 

rapidly if specific threshold values are exceeded. The positive impact of the increase in tractor numbers in the 

current period demonstrates that mechanization directly supports production. In contrast, the adverse effects 

observed during the delayed period indicate that tractor investments may entail short-term adjustment costs, 

depending on maintenance, adaptation, and usage processes. In the long term, the number of tractors has a positive 

effect on technological innovation (Avcı & Kaya, 2008; Kaya & Aktan, 2011; Khan et al., 2021).  

This shows that the increase in mechanization levels structurally supports production efficiency. Fertilizer 

consumption has a positive long-run effect (Chandio et al. 2018; Chen et al., 2018; Khan et al., 2021; Zhang et al., 

2022: 1). This finding suggests that fertilizer use has the capacity to improve soil structure and increase crop yields 

over time. This suggests that farmers can achieve positive results over time when they use this input effectively. 

The fact that the rural population has a strong positive impact on grain yields in both the short and long term 

(Chandio et al., 2020) indicates that grain farming in Türkiye remains labor-intensive. This finding points to the 

continued importance of human labor in production despite mechanization. 
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Table 8. Short and Long Run Estimation Results for Model A 

Çizelge 8. Model A için Kısa ve Uzun Dönem Tahmin Sonuçları 
Short run 

Variable Coefficient  Standard Error t-statistic probability 

D(TS) 1.4987 0.4923 3.0440 0.0088* 

D(TS(-1)) -1.0245 0.5380 -1.9042 0.0776*** 

D(TS(-2)) -0.8964 0.4615 -1.9422 0.0725*** 

D(S) -0.007 0.0056 -1.2545 0.2302 

D(S(-1)) 0.0356 0.0073 4.8615 0.0003* 

D(S(-2)) 0.0152 0.0047 3.2090 0.0063* 

D(A) 0.4875 0.2937 1.6596 0.1192 

D(A(-1)) 0.7312 0.3309 2.2099 0.0443** 

D(A(-2)) 1.8767 0.3279 5.7233 0.0001* 

D(N) 7.6328 2.3214 3.2879 0.0054* 

D(N(-1)) -14.2307 2.5898 -5.4948 0.0001* 

ECMt-1 -0.9984 0.1327 -7.5199 0.0000* 

Long run 

Variable Coefficient  Standard Error t-statistic probability 

S -0.0675 0.0660 -2.5900 0.0214** 

TS 0.8993 0.3218 2.7945 0.0143** 

G 0.1665 0.0855 1.9471 0.0719*** 

N 3.0250 1.4065 2.1507 0.0494** 

A -1.9178 0.6931 -2.7669 0.0151** 

C -10.8472 8.3122 -1.3049 0.2129 

Note: *, ** and *** indicate 1%, 5% and 10% significance levels of the series, respectively. 

 

However, when considered alongside the rapidly increasing population aging and rural-to-urban migration trends 

in agriculture (Çakır, 2014; Yılmaz et al., 2020), this situation presents a significant policy paradox. The rural 

labor force, which supports yields in the short term, faces the risk of contraction in the long term due to 

demographic transformation. Therefore, the importance of approaches that focus on human resources in 

agricultural policies is increasing. Although cereal acreage has a positive effect on yield in the short run, with 

current and lagged values, it has a negative effect on yield in the long run (Chandio et al., 2018; Chandio et al., 

2020). This result suggests that expanding the area under cultivation increases production in the short run, but 

may reduce productivity in the long run. This can be explained by the possibility of a decline in average yield with 

the inclusion of low-productivity land in production, suggesting that productivity-oriented agricultural policies 

should be prioritized over area-based growth. The error correction coefficient in the model results (ECMt-1 = -

0.9984) is negative and statistically significant, as expected. This result implies that the system has a strong 

tendency to return to equilibrium, and 99.84% of the possible deviation from equilibrium is eliminated in the first 

year. 
 

CONCLUSION  

This study aims to identify the factors affecting cereal yields in Türkiye, using data from 1988 to 2022. For this 

purpose, the study includes variables comprising production inputs and environmental factors considered effective 

for cereal productivity. Among these variables, the average temperature change represents the climatic factor, 

while the variables of grain cultivation area, number of tractors, population, and fertilizer consumption represent 

the production input. The aforementioned relationship was tested using the Autoregressive Distributed Lag 

(ARDL) model, and the short-run and long-run effects of the variables on grain yield were revealed. According to 

the model estimation results, the variables affecting grain yields have different dynamics in the short and long 

run. In the short run, the rural population, the number of tractors, and the grain area variables have positive 

effects on grain yield in the current period, whereas temperature change has a negative effect.  In the long run, it 

is found that temperature increase and grain cultivation area have a negative effect on grain yield, while the 

number of tractors, fertilizer consumption, and rural population variables have a positive effect on grain yield. 

These differences between the short and long term indicate that the effect of some variables may change over time. 

When the findings are evaluated, it is seen that the most influential variable on grain yield in the short and long 

run is population, i.e. labor force. This result implies that Türkiye is still a labor-intensive country in grain 

production.  The least influential variable on grain yield in the short and long run is temperature change. This 

result suggests that the negative effects of climate on cereal production in Türkiye can be tolerated by other factors. 
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The study’s findings reveal that the short- and long-term effects of factors influencing grain productivity differ and 

are closely related to producer behaviour and input-use preferences at the micro level. The positive impact of the 

rural population on grain yields highlights the critical role of human capital in agricultural production. In line 

with this finding, the development of comprehensive “Agricultural Human Resources Management Programs” to 

increase the knowledge and skills of the rural workforce can contribute to sustainable productivity gains. 

Furthermore, the widespread implementation of training programs on digital agricultural technologies, data-

driven production processes, and precision farming practices, aimed at encouraging young farmers to remain in 

agriculture, can both slow rural migration and support productivity by accelerating the adoption of modern 

production techniques. The long-term positive effects of capital inputs such as mechanization (number of tractors) 

and fertilizer use demonstrate that these inputs increase productivity over time. Therefore, it is important to 

integrate input-based support into long-term productivity strategies. Alongside traditional mechanization support, 

innovative and climate-friendly agricultural technologies such as sensor-based monitoring systems, precision 

spraying equipment, and data-driven production tools should be encouraged. Such support can strengthen the 

adaptation capacity of production systems to climate change. At the same time, they can increase the efficiency of 

resource use. These supports have the potential to deepen the long-term positive impact of capital inputs on 

productivity. In this regard, it is recommended that the Republic of Türkiye Ministry of Agriculture and Forestry’s 

existing policies and support tools aimed at spreading digitalization and innovative production techniques in 

agriculture be restructured to prioritize precision and innovative farming technologies. On the other hand, the 

negative impact of increasing grain-planted areas on long-term yields demonstrates that relying solely on 

expanding cultivated areas to increase production is irrational, underscoring the need for land-use policies focused 

on productivity. This finding demonstrates that the effective implementation of existing legislation protecting 

agricultural land plays a crucial role in reducing yield losses by preventing the misuse of high-quality agricultural 

land. Furthermore, the creation of a Parcel-Based Database and the adoption of land use decisions based on this 

scientific database will provide a significant increase in institutional capacity in terms of both identifying low-yield 

areas and planning land suitable for sustainable production. Such data-driven and conservation-focused policies 

will support long-term agricultural sustainability by preventing yield declines that could result from production 

increase strategies based on expanding cultivated areas. The limited impact of temperature change indicates that 

producers can only partially adapt to environmental conditions, and publicly supported climate adaptation policies 

should reinforce this process. In this regard, the preparation of region- and product-specific “Climate Risk 

Management Plans” will be a crucial institutional step in mitigating the effects of temperature fluctuations on 

production. Furthermore, increasing R&D support for the development and adaptation of drought-resistant 

varieties will both minimize long-term climate risks and strengthen producers’ capacity to adapt to changing 

environmental conditions. In this context, it is recommended that the Ministry of Agriculture and Forestry, in 

collaboration with the General Directorate of Meteorology, develop regional and product-based early warning 

systems. Information obtained from these systems can be delivered to farmers via free SMS or mobile app 

notifications. This approach can help producers take timely measures against climate-related risks. Such targeted 

and science-based policy tools can play an important role in preventing the limited impact of temperature change 

from evolving into more severe production losses in the future. Overall, these findings emphasise that producer 

responses and input–yield relationships observed at the micro level should be translated into sustainable, 

productivity-oriented, and climate-sensitive agricultural policies at the macro level. 

This study provides a unique contribution to the literature by examining grain productivity in Türkiye between 

1988 and 2022 through short- and long-term analyses, revealing the interactions between producer behaviour and 

structural agricultural policies. In light of the findings and existing literature, several critical focus areas for future 

research are identified. First, analysing the factors affecting productivity on a product-by-product basis, taking 

into account the biological and ecological differences among cereal crops, will help develop more precise and 

targeted policy recommendations. Furthermore, it is essential to examine the relationships between climate 

indicators such as temperature, precipitation, and humidity and cereal yields using multivariate and dynamic 

models to assess the effects of climate fluctuations, which have increased in recent years. Scenario-based studies 

aimed at identifying alternative or substitute agricultural products that could replace existing grain products to 

improve the resilience of production systems against possible future climate shocks also present a critical area of 

research. Such analyses will guide policymakers from a climate adaptation and food security perspective. 

Furthermore, in-depth analyses that consider the heterogeneous effects of future studies at the provincial or 

regional level will contribute to a clearer understanding of the varying impacts of climate variables on grain yield. 

In this context, making projections for grain productivity under different climate scenarios will enable the 

assessment of the sensitivity of production systems to potential climate conditions. Furthermore, including data 

reflecting micro-level production conditions, such as irrigation efficiency and soil quality, in the analysis will enable 

more detailed and comprehensive assessments. 
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The findings of this study reveal the long-term general trends in grain productivity, but they also have some 

limitations. The findings of this study were obtained using national-level annual data for the period 1988–2022. 

This limits the ability to distinguish regional differences and product-based biological heterogeneity. Due to data 

constraints, mechanization is represented solely by the number of tractors. A quantitative indicator of fertilizer 

consumption measures the use of chemical inputs. Detailed data reflecting input quality could not be included in 

the analysis. Furthermore, climate and environmental indicators such as precipitation, irrigation rate, and direct 

CO₂ emissions could not be included in the model due to data gaps. This limits the multidimensional assessment 

of climate effects. If future studies address these limitations, the effects of producer behavior and climate 

adaptation mechanisms on productivity could be better understood. 
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