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Abstract: This study examines how production decisions for annual crops are largely based on price signals from previous years, 

which in turn lead to fluctuations in both production volume and prices, particularly in the potato sector. Using 24 years of time-series 

data from 2004 to 2023, the dynamic relationship between potato production volume and prices in Türkiye was analyzed through the 

Koyck distributed lag model. Model results indicate that potato production decisions are particularly sensitive to price developments 

over the previous two years. Since the variables are specified in logarithmic form, the estimated coefficients should be interpreted as 

elasticities. Accordingly, a 1% increase in current-year potato prices leads to an approximately 0.076% increase in potato production. 

However, the effects of lagged prices diminish over time: a one-period lagged price change increases production by 0.025 tons, while a 

two-period lagged price change increases it by only 0.008 tons. Furthermore, based on the adjustment coefficient derived from the 

model, it is estimated that approximately 0.490 years (around six months) are required for the full impact of a price change on 

production volume to be realized. This finding suggests a gradual adjustment process in producers’ responsiveness to price signals. 
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1. Introduction 
Potatoes are among the most extensively produced and 

consumed agricultural commodities worldwide, 

following cereals, due to their adaptability to various 

climatic conditions, high yield potential per unit area, 

economic benefits, significant nutritional value, and ease 

of digestibility (Yılmaz et al., 2006; Doğan et al., 2014; 

Kılıçer, 2019). The crop has diverse applications, 

encompassing fresh consumption, processed food items, 

animal feed, industrial starch, bioethanol production, and 

seed material (Öztürk and Polat, 2017; Onwusiribe et al., 

2018; Kadakoğlu and Karlı, 2021). This multifaceted role 

highlights the necessity of guaranteeing the sustainable 

and stable continuation of potato production. Potatoes 

are currently among the foremost crops in global 

agricultural production, highlighting the necessity of 

sustaining their growth. 

In 2022, about 374.76 million tons of potatoes were 

grown on 17.79 million hectares around the world. 

China, India, Ukraine, the United States, and Russia 

account for the vast majority of this production. Türkiye 

produces 5.2 million tons of potatoes, accounting for 

around 1.4% of global output. In terms of productivity, 

Türkiye's average yield of potatoes is 3514 kg da⁻¹, 

which is much higher than the global average of 2177 kg 

da⁻¹ (FAO, 2023). However, despite the relative increase 

in yields, potato acreage, and therefore production 

volume, have fluctuated over the years, both globally and 

in Türkiye. These production variations are influenced by 

the overall cultivated area as well as sector-specific risks 

and uncertainties. However, economic factors arising 

from price developments and market conditions largely 

determine the decline and variability in cultivated area. 

Significant fluctuations are observed over the years, 

particularly in the production of annual crops, in many 

countries where agricultural enterprises are sub-optimal 

and an effective market structure is lacking. The primary 

reason for these fluctuations is that producers largely 

make planting decisions based on the previous year's 

current prices. Increases or decreases in supply play a 

decisive role in price formation for products with low 

demand elasticity, such as potatoes and onions. In other 

words, the most influential factor in determining product 

prices in the current period is supply, and in the 

economics literature, this process is explained within the 

framework of the "cobweb theorem" (Guenthner, 2010; 

Eraktan and Açıl, 2000; Özçelik and Özer, 2006; Yılmaz et 

al., 2006). 

To ensure market stability, develop functional support 

policies, and establish effective market structures, 

analyzing the lagged effects of prices on agricultural 

production for future periods is of great importance. In 

this context, there are many studies in the literature that 

examine the dynamic relationship between production 
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amount and prices for various agricultural products. It is 

seen that a significant part of these studies utilize the 

Koyck model, which is widely used among distributed lag 

models (Yurdakul, 1998; Karkacıer, 1999; Erdal, 2006; 

Özçelik and Özer, 2006; Erdal and Erdal, 2008; Doğan 

and Onurlubaş, 2016; Ağazade, 2021; Çukur et al., 2023). 

Similarly, studies in the international literature apply the 

Koyck lag model to analyze the relationship between 

price and production in various agricultural products. 

For example, Hasan et al. (2017) on ginger production in 

Bangladesh, Mbise (2016) on corn production in 

Tanzania, and De Silva et al. (2014) examined the lagged 

effects of prices on black tea production in Sri Lanka 

using the Koyck model. 

While prior research has examined the quantity–price 

relationship for potatoes, the significant growth in the 

crop's usage—from conventional food consumption to 

diverse industrial applications—has raised the necessity 

for revised analyses utilizing current data sets and 

sophisticated econometric techniques. This study use the 

Koyck model to analyze the dynamic link between potato 

output and pricing in Türkiye from 2004 to 2023. The 

growing incorporation of potatoes into various industrial 

sectors highlights the need for steady and dependable 

production, with balanced price formation being 

essential for maintaining sectoral viability. This study's 

conclusions are anticipated to offer an analytical basis for 

stakeholders, institutions, and policymakers aiming to 

formulate measures that improve market structure 

efficiency. This research addresses a significant gap in 

the literature and provides strategic insights that could 

enhance the predictability and stability of the potato 

market. While previous studies have examined the 

production–price relationship for potatoes using 

distributed lag models, most of them are limited to 

shorter time periods or regional analyses. This study 

provides an original contribution by analyzing the 

dynamic relationship between potato production and 

prices in Türkiye at the national level using a long and 

up-to-date dataset covering the period 2004–2023. By 

explicitly estimating the lagged adjustment mechanism 

through the Koyck model, the study reveals both the 

magnitude and timing of producers’ responses to price 

signals, thereby offering new empirical evidence for 

agricultural market stabilization policies. 

 

2. Materials and Methods 
This study primarily utilizes secondary data sourced 

from the Turkish Statistical Institute (TUIK, 2024), 

encompassing potato production (tons/year) and price 

(TL/year) series for the period 2004–2023 in Türkiye. 

Both time series were transformed into logarithmic form 

prior to their utilization in the analysis.  

In the production of agricultural products, it is known 

that not only the current price of the product but also 

past prices affect production decisions. Therefore, 

distributed lag models are widely used in studies 

examining the production-price relationship. Distributed 

lag models are divided into two categories: finite and 

infinite lag models. When a specific lag length is assigned 

to the independent variable, the model is called a "finite 

lag model," while when the lag limit for the past periods 

of the independent variable is not defined, the model is 

referred to as an "infinite lag model" (Dikmen, 2006; 

Kutlar, 2009). Equations (1) and (2) provide general 

representations for finite and infinite lag models. 
 

𝑌𝑡 = 𝛼 + 𝛽0 𝑋𝑡 +  𝛽1 𝑋𝑡−1 + 𝛽2 𝑋𝑡−2 + . . . + 𝑢𝑡     (1) 
 

𝑌𝑡 = 𝛼 + 𝛽0 𝑋𝑡 +  𝛽1 𝑋𝑡−1 + 𝛽2 𝑋𝑡−2 + . . . 𝛽𝑘  𝑋𝑡−𝑘

+  𝑢𝑡     
(2) 

 

While distributed lag models can be estimated using the 

least squares method (LSM), uncertainty in determining 

the appropriate lag length, the decrease in degrees of 

freedom due to an increase in the number of lags, and 

multicollinearity issues can lead to biased and 

inconsistent estimates (Davidson and MacKinnon, 1993; 

Gujarati, 2001; Dikmen, 2006). Various alternative 

methods have been developed to address these 

problems. In this study, the Koyck model, a distributed 

lag model, was chosen to more accurately demonstrate 

the production-price relationship. In the Koyck approach, 

all β coefficients in equation (3) are assumed to have the 

same sign and to exhibit a decreasing pattern as the lag 

increases (Koyck, 1954). 
 

𝛽𝑘  =  𝛽0𝜆𝑘;       𝑘 = 0,1, … ;   0 < 𝜆 < 1 (3) 
 

λ represents the rate of decrease, and 1-λ represents the 

rate of adaptation. Every value of βk, except β0, depends 

on the value of λ. As λ approaches 1, the value of βk is 

observed to decrease slowly. This means that the effect of 

this delay on Y decreases as we move farther into the 

past. The average delay is found by dividing the rate of 

decrease by the rate of adaptation (equation 4). 
 

𝑌𝑡 =  𝛼 + 𝛽0𝑋𝑡  +  𝛽0𝜆𝑋𝑡−1  +  𝛽0𝜆2𝑋𝑡−2  

+  𝛽0𝜆3𝑋𝑡−3 + . . . + 𝑢𝑡   
(4) 

 

However, the model's infinite lag structure and the 

nonlinear definition of the λ coefficients make it difficult 

to apply direct linear regression analysis. To address this 

issue, Koyck developed an alternative regression form 

that converts the model to a linear structure by lag-

lagging it one period. In this context, the Koyck 

transformation is expressed by the lag regression model 

shown in equations (5)–(8) below. 
 

𝑌𝑡−1 =  𝛼 +  𝛽0𝑋𝑡−1 + 𝛽0𝜆𝑋𝑡−2 + 𝛽0𝜆2𝑋𝑡−3  +  …

+  𝑢𝑡−1 
(5) 

 

𝜆𝑌𝑡−1 =  𝜆𝛼 + 𝜆𝛽0𝑋𝑡−1 + 𝜆2𝛽0𝑋𝑡−2 + 𝜆3𝛽0𝑋𝑡−3  

+  … +  𝜆𝑢𝑡−1 
(6) 

 

𝑌𝑡 −  𝜆𝑌𝑡−1  =  𝛼(1 − 𝜆 )  +  𝛽0𝑋𝑡  + ( 𝑢𝑡  − 𝑢𝑡−1) (7) 
 

𝑌𝑡  =  𝛼 (1 − 𝜆) +   𝛽0𝑋𝑡  +  𝜆𝑌𝑡−1  + 𝑣𝑡 (8) 
 

𝑣𝑡 = ( 𝑢𝑡 - λ𝑢𝑡−1) is defined as a moving average of the 

error terms 𝑢𝑡and 𝑢𝑡−1. The procedure described above 

is known as the Koyck transformation, and the resulting 
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specification is referred to as the Koyck model. Because 

the Koyck model does not explicitly include lagged values 

of the explanatory variables, it effectively mitigates 

problems of multicollinearity. Furthermore, whereas 

infinite distributed lag models require the estimation of α 

and an infinite number of β coefficients, the Koyck model 

allows the distributed lag structure to be represented 

simply by estimating α, β₀, and λ (Gujarati, 2001; Dikmen, 

2006). Accordingly, the Koyck model was adapted in the 

study as in equation 9. 
 

𝑄𝑡 =  𝛼 + 𝛽0 𝑃𝑡 +  𝛽1 𝑃𝑡−1 +  𝛽2 𝑃𝑡−2  +  …

+  𝛽𝑘  𝑃𝑡−𝑘  + 𝑢𝑡 
(9) 

 

3. Results and Discussion 
To determine whether the relationship between 

production quantity and price for potatoes is suitable for 

distributed lag models, the correlation coefficient 

between the variables was examined, and it was 

determined that the correlation coefficient found to be 

0.716 was sufficient to be applied to the distributed lag 

model. The lag length necessary for formulating the 

Koyck model was ascertained through the Schwarz 

Information Criterion (Schwarz, 1978), which revealed 

that the optimal lag length for potato prices is two (2) 

(Table 1). 

 

Table 1. Lag length values according to schwarz 

information criteria 
 

Lag Length SIC 

k=1 -1.385541 

k=2 -1.737962* 

k=3 -1.494428 

k=4 -1.313255 

* Optimal lag length for potato prices. 

 

In accordance with the selected lag length, the effect of 

potato prices on production was estimated using the 

Ordinary Least Squares (OLS) method, and the results of 

the model are presented in equation 10. 

 

𝑄𝑡 =  15.391 +  0.002 𝑃𝑡 +  0.110 𝑃𝑡−1 +

 0.037 𝑃𝑡−2    

(10)      (0.000)       (0.923)        (0.037)        (0.162)    

     t     1713.708        0.098       2.304          1.474 

    R2 = 0.820        F = 21.271               (P=0.000) 
 

According to Equation (10), potato prices in the current 

period, as well as those from one and two periods earlier, 

have a positive effect on potato production. Both the 

overall model and the individual regression coefficients 

were found to be statistically significant. The coefficient 

of determination (R2=0.82) indicates that 82% of the 

variation in potato production is explained by current 

and lagged potato prices. Despite the model's statistical 

significance as indicated by the F-test statistic, the 

implementation of distributed lag models presents two 

primary concerns. The initial issue is multicollinearity, 

arising from the inclusion of lagged values of the 

independent variables in the model. The second issue is 

the loss of observations; especially when the data points 

are few, this loss can result in inconsistent parameter 

estimates. The Koyck model was utilized for estimation 

to resolve these issues. The estimation results of the 

Koyck model are presented below. 
 

𝑄𝑡  =  10.307  +   0.076 𝑃𝑡    +   0.329 𝑄𝑡−1 

(11) 
          (0.000)         (0.000)            (0.051) 

            t     4.309      4.810         2.106 

            R2= 0.665       F = 15.900        (P=0.000) 
 

The regression equation (11), estimated using the Koyck 

model, was found to be statistically significant. According 

to the model results, Given the logarithmic specification 

of the model, the estimated coefficients represent 

elasticities rather than absolute changes. Accordingly, a 

1% increase in potato prices leads to an approximately 

0.076% increase in potato production, indicating a 

positive but relatively moderate price responsiveness., 

while a one-unit increase in the previous period’s 

production raises current production by 0.329 tons. 

Based on these findings, the average lag length of the 

model (λ/(1-λ) was calculated as 0.49 years. The 

estimated average lag length of 0.490 years does not 

reflect the biological production cycle of potatoes. 

Instead, it represents the time required for producers to 

perceive price signals and adjust their production 

decisions accordingly. In annual crops such as potatoes, 

this lag primarily corresponds to the planning and 

decision-making phase—such as determining planting 

area and input use—rather than the physical cultivation 

or harvest period. Accordingly, the analyses based on the 

Koyck model need to be reconsidered by taking this lag 

structure into account. Based on the estimated Koyck 

model, the short-run and distributed lag coefficients 

were derived using the expression 𝛽𝑘 = 𝜆𝑘𝛽0, valid under 

the condition 0 < 𝜆 < 1. Accordingly, the 

contemporaneous price coefficient is calculated as given 

in equations 12-15: 
 

𝛽0 =  𝜆0 𝛽0 =  (0.329)0 (0.076)  =  0.076 (12) 
 

𝛽1 =  𝜆1 𝛽0 =  (0.329)1 (0.076)  =  0.025 (13) 
 

𝛽2 =  𝜆2 𝛽0 =  (0.329)2 (0.076)  =  0.008 (14) 
 

𝛼0 =  𝛼 / ( 1 −  𝜆 )  =  10.307 / (1 − 0.329) (15) 
 

The long-run intercept is obtained as given in equations 

16 and15: 
 

𝛼0 =
𝛼

1 − 𝜆
=

10.307

1 − 0.329
= 15.362 (16) 

 

𝑄𝑡  = 15.362 + 0.076 𝑃𝑡 + 0.025 𝑃𝑡−1

+ 0.008  𝑃𝑡−2 
(16) 

 

Equation (11), obtained using the Koyck model, provides 

an important framework for understanding the dynamic 

relationship between potato production and prices. The 

coefficient λ in the model, which ranges between 0 and 1, 

indicates that the impact of lagged prices on production 
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gradually diminishes over time. This indicates that 

producers react to historical price signals over time, 

although this effect diminishes geometrically with each 

subsequent lag period. Consequently, although price 

sensitivity in potato production is significant, it seems to 

lack a lasting effect over extended periods. 

The results shows that a one-unit increase in current 

potato prices raises production by 0.076 tons. This effect 

demonstrates that the price signal is rapidly reflected 

directly in production decisions. A one-unit increase in 

prices lagged by one period increases production by 

0.025 tons. This finding indicates that producers are 

sensitive not only to current prices but also to recent 

price levels in their planting decisions. A one-unit 

increase in prices lagged by two periods increases 

production by 0.008 tons, demonstrating that the effect 

diminishes rapidly. This decrease is fully consistent with 

the geometric distribution assumption of the Koyck 

model and confirms the greater short-term weight of 

price effects. 

These results show that potato farmers react quickly to 

changes in price, and that short-term price changes have 

a big effect on their decisions about how much to grow. 

The price sensitivity seen in production could make the 

market more unstable. Price shocks, especially for goods 

with low demand elasticity like potatoes, can quickly 

change production decisions. This can cause supply to be 

too high or too low in the next period. This situation 

illustrates the supply-demand imbalance elucidated in 

literature through the "cobweb theorem. 

Furthermore, the positive but gradually decreasing 

nature of lagged price effects suggests that price changes 

create a gradual adjustment process in agricultural 

production behavior. This finding demonstrates that 

achieving price stability will strengthen the sustainability 

of agricultural production and that reducing market 

volatility is an important policy area. Potatoes are a crop 

that is very sensitive to short-term price changes, so 

support policies need to be carefully watched to make 

sure they are put in place at the right time and for the 

right reasons. 

 

4. Conclusion 
In this study, the dynamic relationship between potato 

production and prices in Türkiye was examined using the 

Koyck model, and the findings indicate that 

approximately six months are required for price changes 

to exert a noticeable impact on production. This result 

suggests that price signals influence production decisions 

with a temporal lag and that producers’ responses 

materialize primarily in the subsequent production 

period. The fact that fluctuations in prices lead to 

corresponding variations in production constitutes a 

significant challenge for market stability. 

Accordingly, there is a clear need for mechanisms that 

can mitigate fluctuations in both prices and production 

and promote a more predictable agricultural market 

structure. Incorporating the price–product relationship 

systematically into production planning processes and 

agricultural support policies is essential. Moreover, in the 

context of the increasingly widespread contract farming 

arrangements in recent years, enhancing price-setting 

mechanisms and improving price-based guarantees 

would help stabilize producer income and strengthen 

long-term production sustainability. 

The findings underline the importance of concrete policy 

instruments aimed at reducing price volatility in the 

potato market. In this context, price band mechanisms 

could help limit excessive price fluctuations, while 

premium support schemes should be designed by 

considering the lagged effects of prices on production 

decisions. Intervention purchases may serve as an 

effective short-term tool during periods of extreme price 

movements. Moreover, expanding contract farming 

arrangements could enhance income predictability for 

producers and contribute to a more stable and 

sustainable production structure. 

The relatively low price elasticity of potato production 

suggests that, although producers respond to price 

signals, production decisions are constrained by 

structural factors such as land availability, crop rotation 

requirements, and input costs. This moderate 

responsiveness implies that short-term price shocks may 

lead to supply fluctuations without proportional 

adjustments in production, a mechanism consistent with 

the cobweb phenomenon in agricultural markets 

characterized by low demand elasticity. 

Overall, the study provides a scientific foundation for 

designing policies aimed at enhancing price stability and 

reducing production volatility in the potato market, 

thereby contributing to the development of a more 

predictable and stable production and marketing 

environment for all relevant stakeholders. 
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