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WHEAT PRODUCTION ANALYSIS BY  

USING ECONOMETRIC MODELS 

 

SUMMARY 

The study analyzed time series data for the period 1994–2013 on areas 

sown with wheat, purchase price for wheat, subsidies and wheat used for seed in 

Serbia. The authors developed dynamic models, on which they forecast that 

89000 tons of wheat would be used in 2014 for an area of 507000 ha. This 

ARIMA model confirms that in wheat production economic factors have a 

dominant impact on sown areas and quantities of wheat used for seed. Subsidies 

are a quite important factor in wheat production. The authors ascertained that 

wheat yields were increasing, less affected by economic than by agro–ecological 

factors. The accuracy of this model was tested with standard statistical methods.  

The model provides some very useful information that could serve a 

starting point for agricultural policy decision-making and farmers who plan 

future production. 
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INTRODUCTION 

Wheat has a high economic importance to Serbia. It is mostly sown in 

Vojvodina province (Serbia). It is more grown by family farms with crop 

production than by agribusiness enterprises (Marković et al., 2013). Over last 20 

years, wheat has been grown in Serbia on about 600 000 hectares (RZS, 1994-

2014), but a decline in this trend can be noticed. 

On the contrary, wheat production in the world shows a growing trend. 

Given that the world’s population is increasing, as well as the number of people 

who eat bread as a staple food, Braun et al. (2008) calculated that wheat 

production had to increase at a rate of 1.5% per year as in 2030, for example, the 

world’s population would need 850 million tonnes of wheat. 

Forecasting of production is mostly based on structural econometric 

models. In this study, the authors used dynamic models that can be widely 

applied to all economic levels and sectors. Saeed et al. (2000) forecast wheat 

production, whereas Prabakaran et al. (2013) forecast both sown areas and 

production. For these studies, the accuracy and success of the Autoregressive 
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Integrated Moving Average (ARIMA) models were confirmed after comparing 

with the obtained results. ARIMA models have been also widely used in other 

studies (Prindycke and Rubinfeld, 1981). Advantages of these models lie in their 

good forecasts. Sabir and Tahir (2012) used dynamic models to forecast 

production, sown areas and wheat population. 

Sown areas, as well as yields and wheat used for seed are key factors that 

define wheat production. Hence, the goal of this study was to develop proper 

models in order to forecast the main elements of wheat production. 
 

MATERIAL AND METHODS 

Data for the period 1994–2013 on sown areas, average yields, average 

annual purchase price, subsidies and wheat used for seed were incorporated into 

dynamic models to forecast future values. The main goal of these models was to 

identify a stochastic process of time series data and forecast future values 

accurately. The time series data comprised information from the Serbian 

“Statistical Yearbook”, the Serbian Grain Fund, the electronic database of the 

Statistical Office of the Republic of Serbia and internal documents of the Serbian 

Ministry of Agriculture and Environmental Protection.   

In order to achieve satisfactory specifications of the models, and therefore 

accurate and reliable coefficients, the authors used the statistical methods of 

testing significance of multiple and serial correlation coefficients, together with 

the Durbin–Watson test. Statistical criteria, i.e. testing the significance of the 

coefficients of determination, were used to assess the obtained parameters. When 

choosing models, the authors considered the significance of the coefficients, as 

well as the logic, based on the economic theory. In terms of forecasting, which is 

the final step of econometric research, this model was assessed as valid.   

Karim et al. (2005) used the regression modelling to forecast wheat 

production. Their results showed that different models can apply to different 

areas. In an intensive study (Amin et al., 2014) that took into account some 

previous research and was conducted to predict sown areas and yields, the 

obtained ARIMA models were determined by specificities of the observed areas 

or countries and could not have been applied to others. The methodology of this 

paper was conditioned to available pieces of information and specificities of the 

subject-matter, which directed the direction of models development. 

 

RESULTS AND DISCUSSION 

 

Areas sown with wheat  

Using data for the period 1994–2013 on areas sown with wheat (in 

thousands of hectares), purchase prices (din kg
-1

) and subsidies (din kg
-1

) in 

Serbia, the authors developed a dynamic model and calculate an equation (1) for 

sown areas. Purchase prices adjusted for subsidies were deflated by grain price 

indices. Among a number of models, the authors chose one that met all the above 

mentioned criteria, leading to the following equation: 
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Ât = 91.645 + 0.310At-1 + 1.853Pt-1                (1) 

                                               (0.155)       (0.582) 

Where: 

Ât  – area sown, 

At-1 – area sown in the previous year, 

Pt-1 – purchase price in the previous year. 

 

The model was highly significant, R=0.75, F=10.239 (P<0.01). The 

coefficient 0.310* was on the edge of statistical significance at the 0.05 level, 

whereas the coefficient 1.853** was highly significant (P<0.01).  

The value of the Durbin–Watson d-statistic was DW=2.498
nz

. However, 

because of the autoregressive character of the equation, the authors used the 

Durbin h-statistic with an asymptotic normal distribution for testing the 

autocorrelation of the residuals. The results showed h=1.483<1.96, which implies 

that no first-order autocorrelation was detected. The authors came to the same 

conclusions after conducting the sign test. Graph 1 shows the forecast and 

actually sown areas:   

 
Graph 1. Trend of the forecast and actually sown areas, Republic of Serbia, 

period 1994–2013 
 

After the equation (1) was extrapolated, the result showed that 507 000 ha 

of areas were to be sown in 2014. The dynamic model of sown areas shows its 

dependence on two factors – sown areas and the purchase price from the previous 

year, adjusted for subsidies. Several models were developed, yet only the one 

that included subsidies was significant, where purchase prices were adjusted for 

subsidies from the period 2004–2013. In the current business environment, 

subsidies represent measures for reducing costs, and thereby for increasing 

profits. In research (Munćan and Božić, 2013) conducted in 2007–2011 in Serbia 

on farms with crop production, field crops, and primarily wheat, showed a high 

level of dependence on subsidizing, which has been confirmed by this model. 

The model implies that production depends on the purchase price from the 

previous year. In addition to it, the price can fluctuate due to preliminary 



Ljiljanić et al. 114 

forecasts and market impacts that occur in different periods of a year. Hence the 

government should subsidize the production of this strategic crop and, especially, 

promote export-oriented production (Marković et al., 2013). Regarding the 

purchase price for wheat and export-oriented production, it is important to 

mention the interdependence between Serbian purchase prices and prices on 

commodity markets, primarily on the commodity market in Budapest, the biggest 

in South–East Europe. Prices in Serbia follow Budapest market prices with a 

delay of 30–60 days (Simić and Saković, 2008).  

 

Wheat for seed  

Using data on the amount of wheat used for seed (in thousands of tonnes), 

sown areas (thousands of hectares), purchase prices (din kg
-1

) and subsidies (din 

kg
-1

) in Serbia for the period 1994–2013, the authors developed a dynamic model 

and calculate an equation (2) for consumed wheat seed. Purchase prices adjusted 

for subsidies were deflated by grains price indices. Among a number of models, 

the authors chose one that met all the above mentioned criteria, leading to the 

following equation: 

Ŝt  = - 10.2763 + 0.135414At-1 + 0.544447Pt-1                (2) 

                                     (0.059227)       (0.221208) 

Where: 

Ŝt   – amount of seed, 

At-1 – area sown in the previous year, 

Pt-1  - purchase price in the previous year. 

The model was highly significant, R=0.72, F=8.414 (P<0.01). The 

coefficients 0.059227* and 0.221208* were significant at the 0.05 level. The 

value of the Durbin–Watson d-statistic was DW=2.499
 nz

, which implies that no 

first-order autocorrelation was detected. The authors came to the same 

conclusions after conducting the sign test. Graph 2 shows the forecast and actual 

quantities of seed: 

 
Graph 2. Trend of forecast and actual quantity of wheat used for seed, Republic 

of Serbia, period 1994–2013  
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After the equation (2) was extrapolated, the result showed that 89 000 

tonnes of wheat were to be used for seed in 2014. According to previous 

estimations (Denčić et al., 2009), the average quantity of wheat used for seed 

amounted to approximately 300 000 tonnes, which significantly differs from the 

values given by the model. The difference is due to the fact the model only took 

into account the quantity of declared seed placed on the market but not 

mercantile wheat, still widely used on farms with non-commercial production.   

The dynamic model of seed consumption shows its dependence on two 

factors – areas sown in the previous year and the purchase price from the 

previous year, adjusted for subsidies.  

  

Wheat yields and production  

Sown areas and yields are the basic factors for crop production. Because 

this research focused on developing some models that comprise economic factors 

and their effect, the authors could not have developed a proper model for 

forecasting yields that would be significant.  

Sown areas are mostly determined by economic factors, whereas yields are 

more determined by cropping practice, assortment potential and, most 

importantly, climate (Denčić et al., 2009). Climate is an inevitable factor when it 

comes to wheat production. Studies have shown that wheat yields largely depend 

on the quantity of April-through-May precipitation. Results of regression and 

correlation analyses showed that in most parts of Vojvodina, April-through-May 

precipitation and yields were highly correlated, whereas in other months these 

factors had a negative coefficient of correlation (Marković and Jovanović, 2011). 

Graph 3 shows the average wheat yields in the observed period (1994–

2013). In general, the yields had an increasing trend at the time, with some 

fluctuations. The lowest value was recorded in 2003, and the highest in 2013.   

 
Graph 3. Trend of average wheat yields, Republic of Serbia, period 1994–2013 

(RZS) 

 

According to previous research (Todorović and Filipović, 2010), wheat is 

mostly produced on family farms. Results have shown that only farms with over 
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7.5 t ha
-1

 of yields make profits. This particular study raises an issue of cost 

effectiveness and profitability of wheat production, as well as a necessity of 

additional subsidizing of this type of production, having in mind the economic 

importance of wheat and undisputable importance of food safety for each 

country. On the other hand, wheat production implies a considerable cost of 

inputs. The cost of inputs indirectly affects profits, and high costs can lead to 

reduced use of some inputs (Sayre and Hobbs, 2004). 

 

CONSCLUSIONS 

Taking into account time series data for the period 1994–2013 on sown 

areas, purchase prices, subsidies and wheat used for seed, the authors developed 

a dynamic model to forecast sown areas and wheat to be used for seed. The 

model meets the given criteria – it is significant, independent and without first-

order autocorrelation. For 2014, it forecast 507000 ha of areas to be sown and 

89000 tons of wheat to be used for seed. Economic factors have a dominant 

impact on sown areas and quantities of wheat used for seed, and the model 

confirms that subsidies are a necessary measure in wheat production. This 

research focused on developing some models that comprise economic factors and 

their impact, and the authors could not have developed a proper model for 

forecasting yields that would be significant because yields are mostly affected by 

agro–ecological factors.  

The model provides information that are a good starting point to make 

good agrarian policy decisions, having in mind that the largest part of the 

agrarian budget is allocated for direct payments. The possibility to forecast 

production parameters can lead to surpluses in wheat production that can be 

aimed for exporting. 
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