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PREDICTION OF SUNFLOWER PRODUCTION PARAMETERS
IN SERBIA USING THE ARIMA MODEL'!
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Abstract

The main goal of research is analysis and forecast of sunflower production in Serbia,
using a time series model, aiming to identify trends and provide accurate forecasts for
the short-term period. Research is especially focused on assessment of the potential
of using statistical models to predict the production trends of one of the most
important oilseeds in Serbia. The paper uses the Autoregressive Integrated Moving
Average (ARIMA) model, according to the Box-Jenkins methodological approach.
Modeling process has included testing the stationarity of time series, determining the
optimal specification of model based on the ACF and PACF functions, estimating
the model parameters, as well as checking its adequacy through the use of standard
statistical measures of forecast precision. Derived research results suggest that
the used model provides a reliable short-term forecast of sunflower production,
identifying the key trends in analyzed time frame. Forecasts indicate relatively stable
changes in production, with specific oscillations that are characteristic of agricultural
production, while depend on the agro-economic and climatic situation. Research
results have important practical significance for the organization of agricultural
production, regulation of the oilseed market and decision-making within agrarian
policy. Based on performed analysis, it can be pointed out that ARIMA models
are efficient analytical tool for short-term production forecasting, while additional
assessment of economic and climatic variables is advised for future research in order
to improve the accuracy of predictions.
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Introduction

Sunflower is economically important industrial (oilseed) plant, whose processing
produces a number of final products (Jelo¢nik et al., 2021). According to De
Oliveira Filho and Egea (2021), sunflower seeds are rich source of nutrients,
edible oils, fiber, minerals and phenolic compounds. Besides, sunflower plants are
drought resistant, while it can be grown late during the rainy seasons. In addition,
they are used in agricultural systems for crop rotation, invariably with other field
crops (FBI, 2026). As was pointed out in some studies, global sunflower market
has been divided into two segments, i.e. seeds and oil. The need for them is
growing due to increasing health awareness, and many health benefits sunflowers
brings (VMR, 2026).

So far, many authors have globally used modern forecasting tools in forecasting
the production parameters of sunflowers. Thus, Amankulova et al. (2023a) used
a combination of multiple linear regression and two different machine learning
approaches to predict the sunflower yields in the fields of Southern Hungary. Gurkan
etal. (2020) use modern tools to assess the impact of climate change on the possible
effects of decision makers in sunflower production in Konya province (Turkey).
Also, Amankulova et al. (2023b) develop a machine learning method (Random
Forest Regression - RFR) to translate Sentinel-2 spectral bands in sunflower yields,
according to crop yields data provided by harvester equipped with a yield monitoring
system. Gnatienko, Gnatienko (2024) provide practical evidence for predicting the
profitability of complex machines and technology in digital agronomy. In addition
to them, Debacke et al. (2023) conclude that forecasting crop production several
weeks before the harvest is of strategic interest for cooperatives that collect, store,
and market grains. Besides, they have been using the development of the Sentinel
satellite images, combining remote sensing data and statistical modeling to predict
sunflower yields in fields of Southwest France.

Regarding the Serbian authors, and their forecasting of sunflower production
parameters, Cveji¢ et al. (2023) predict sunflower yields using different machine
learning algorithms. On this occasion, they develop a machine learning model,
revealing that the characteristics of certain locality can be used to estimate the
yield of sunflower oil, although it largely depends on the weather conditions that
affect the oil content and seed yield. Nikoli¢ et al. (2021) predict the trends of
production indicators for oilseeds in the area of Vojvodina for the period 2005-
2019. Also, Nedeljkovi¢ et al. (2022) predict the production of this oilseed in
Serbia for the period 2005-2021, using the following indicators: Mean Absolute
Percentage Error, Mean Absolute Deviation, and Mean Squared Deviation.
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Reconsidering the use of ARIMA modeling in predicting production parameters
of certain crop, in this case sunflower, as adequate, there are surveyed several
studies that justify its use, as well as recommend the model combining with other
modern prediction techniques and tools.

Debasis et al. (2019) forecast the production of oilseeds using the ARIMA
model in combination with the group method of data processing (GMDH), while
Gulizahra (2026) uses ARIMA models to forecast a yield of few field crops until
2030, concluding that this is of particular importance in regions where agricultural
productivity is affected by climate change and market dynamics. Bhuyan et al.
(2025) forecast the trend of major field crops in the Assam region of India, for
the period 2022/23, using ARIMA models. Mentioned authors emphasize the
effectiveness of the ARIMA modeling application in agricultural planning and
policy development, providing reliable forecasts for strategic decision-making in
observed region. Nedeljkovi¢ (2019) in doctoral dissertation, based on ARIMA
modeling, provides a projection of the output of agricultural production in the
Republic of Srpska, i.e. several production and economic indicators.

The subject of research in the paper would be the analysis and modeling of time
series of data linked to sunflower production in Serbia. It is assumed that they
would identify current and future trends in observed crop production. Accordingly,
the main goal of the paper is the analysis and forecast of sunflower production in
Serbia using time series models. The main research intention is identifying the
trends and providing accurate forecasts for the short-term period. Besides, the
additional goal is to apply the ARIMA model in sunflower production forecast,
while to assess the reliability of the obtained results.

Justification of performed research is based on the economic, agrarian and
methodological importance of sunflower production for the national agro-
industrial system, as well as on the need for reliable analytical tools that could
enable making quality market and development decisions. Also, one of the main
limitations of the research would be the additional impact of unforeseen factors in
the coming period that could affect sunflower production in Serbia.

Methodology

For the purposes of calculating the basic indicators of descriptive statistics
(average, interval of variation, standard deviation, coefficient of variation), as well
as the three-year forecast (2026-2028), the twenty-years data series (2006-2025)
of sunflower production (data available in the database of the Statistical Office of
the Republic of Serbia) were used.
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Time series forecasting is one of the most commonly used quantitative methods
in agricultural economics. It enables the prediction of production dynamics,
yield fluctuations, and commodity price changes based on previous dataset. The
analytical framework used in this research has been based on the AutoRegressive
Integrated Moving Average (ARIMA) model that was initially developed within
the Box-Jenkins methodology. Mentioned methodology remains the leading
stochastic forecasting framework in the economic and agricultural domains
(Box et al., 2015). ARIMA models have demonstrated outstanding forecasting
performance in agricultural production systems characterized by time dependence
and stochastic variability (Adebiyi et al., 2014). The ARIMA model is defined as:

ARIMA(p,d, q) (1)

Where, the parameters are autoregressive (p), integration (d), and moving average
component (q). The general formula for the model is:

$(B)(1 - B)Y, = 0(B)e, 2)
Where, denotes the return shift operator, while represents white noise (Hamilton,
1994). ARIMA models particularly stand out for agricultural datasets due to their
ability to capture the inertia effects present in crop production and yield dynamics
(Hyndman, Athanasopoulos, 2021).

Stationarity is a condition for ARIMA estimation. Agricultural time series often
show unstable behavior caused by technological development and climate change.
Stationarity is analyzed using the extended Dickey-Fuller test presented by Dickey
and Fuller (1981). The equation for the test is represented as:
AY, = a+ Pt +yY s + X, 64V + & (3)

Failure to reject the null hypothesis suggests the presence of a unit root which
requires differentiation (Enders, 2015).
Model identification comes after autocorrelation diagnostics through:

e Autocorrelation functions (ACF);

e Partial autocorrelation functions (PACF).

These tools enable determination of AR and MA sequences (Box et al., 2015).
Autocorrelation structures have been proven useful in modeling agricultural
production cycles and yield durability effects (Sharma et al., 2018).

Model parameters are evaluated using Maximum Likelihood Estimation (MLE),
which enables statistically efficient estimation of parameters under the assumption
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of normality (Hamilton, 1994). The MLE estimate is often used in agricultural
forecasting research due to its robustness to small samples (Gujarati, Porter, 2009).
Alternative ARIMA specifications are evaluated using the information criteria:

AIC = —2In(L) + 2k )
BIC = —2In(L) + kin(n) ®)

Smaller values indicate better model adequacy (Akaike, 1974). Selection based on
information criteria is a common practice in the agricultural forecasting literature
(Hyndman, Khandakar, 2008).

The independence of the residuals is assessed using the Ljung-Box test (Ljung,
Box, 1978). Diagnostic testing guarantees that the residuals act as white noise,
which confirms the correct specification of the model (Enders, 2015).

Agricultural systems are usually the subject to external shocks. Therefore,
stability of the parameters is analyzed with the CUSUM test (Brown et al., 1975).
Examining structural stability significantly increases the reliability of forecasts in
agricultural policy analysis. Forecasts are created recursively:

Yein (6)

Where: Y- forecast value; t - current time period; h - forecast horizon.

Prediction uncertainty is measured using the confidence intervals based on the
variance of prediction error (Hyndman, Athanasopoulos, 2021). Short-term
ARIMA forecasting model, globally has shown exceptional results in forecasting
agricultural crop production (Paul et al., 2013). Success of the prediction is
evaluated using the following indicators:

a) RMSE (Root Mean Square Error)

1 ~
RMSE = \/;E?:l(}’i -9 (7)
Where: Y - real value; Vi - forecast value; 7 - number of observations.

b) MAE (Mean Absolute Error)
1 ~
MAE = = Yizalyi — il (8)

Where: Vi - actual value; ¥; - forecasted value; n - number of observations.
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c) MAPE (Mean Absolute Percentage Error)

_ 100 @« |Yi=Yi
MAPE = 2 yn |[X=
n Yi

)
Where: Vi - actual value; Vi - forecasted value; 7 - number of observations.

These indicators are widely used in comparison of agricultural forecasts
(Makridakis et al., 1998).

Results with Discussion

In 2024, sunflower was produced worldwide on 28,728,506 ha, where the
total production has reached the level of about 52,216,784 tons (FAO, 2026).
According to the same source, the largest producer was Russian Federation with
17,200,000 tons. It was followed by Ukraine with 10,956,000 tons, and Argentina
with 3,895,156 tons. Besides, it should be emphasized that more than 72% of
sunflower production is concentrated in Europe (FAO, 2026).

Table 1. Descriptive analysis of sunflower production parameters in Serbia
(2006-2025)

Indicators Average Variation interval Standard Coefficient of
Min. Max. deviation variation (%)
Area (ha) 202,022.15 154,793.00 251,155.00 31,715 15.70
Production (t) 530,438.95 294,502.00 733,706.00 133,650 25.20
Yield (t/ha) 2.56 1.90 3.30 0.38 14.73

Source: Author’s calculation based on SORS, 2026.

In Serbia, during the observed period, sunflower was produced in average on
202,022 ha, with the maximum production of 733,706 tons, achieved in 2018. The
average yield was at the level of 2.56 t/ha. Production had the largest variations,
among the all observed indicators, 25.2% measured by the coefficient of variation
(Table 1.). In table could be also seen that the areas and yield of sunflower in Serbia
showed relatively stable trend during the analyzed period. Empirical analysis was
performed using annual data of sunflower production in Serbia (for the period
2006-2025). The assessed time series show significant variability in production
level, mainly affected by climatic factors, technological improvements, and
variations in cultivated plots.

Within the analyzed period, sunflower production has been showed a general
growth with the presence of several short-term fluctuations. An exceptional increase
in production was recorded after 2015, which indicates progress in hybrid seed
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technology and expansion in their use. Nevertheless, interannual variability remains
evident, which confirms the stochastic characteristic of agricultural production
systems. Visual analysis of time series indicated the existence of deterministic
trend component, which suggests possible non-stationarity. The stationarity of the
production series was tested using the extended Dickey-Fuller test.

Derived results have indicated that the original production series was non-
stationary (p > 0.05). After applying the first order of differentiation, the null
hypothesis of a unit root was rejected (p < 0.01), ensuring the stationarity of the
transformed series. Therefore, the order of integration is defined as:

d=1

This is in line with the series of agricultural production mentioned in earlier
forecast analyses.

Model identification was performed by studying autocorrelation (ACF) and partial
autocorrelation (PACF) functions, while minimizing information criteria.

Within competing specifications, the ARIMA (1, 1, 4) model demonstrated better
statistical performance according to the Akaike and Bayesian information criteria.
The estimated parameters showed statistical significance and economic sense, which
suggests the existence of persistence effects in the dynamics of sunflower production.
This outcome confirms that current production levels are significantly dependent on
earlier production shocks and adjustment mechanisms within agricultural systems.

The adequacy of the model was assessed by residual diagnostics using the
Ljung-Box test. The obtained results did not indicate statistically significant
autocorrelation in the residuals (p-values > 0.05), which suggests the residuals
function as white noise. Therefore, the chosen ARIMA specification adequately
covers the time dependence in the analyzed series of production.

Indicators of forecast precision, additionally confirmed the reliability of the model,
namely:

« RMSE =71.980 tons;
e MAPE =9.12%

The achieved level of forecast error is considered satisfactory for predicting
agricultural production, which is characterized by uncertainty caused by climatic
conditions. Based on the analyzed ARIMA model, expected sunflower production
in Serbia for the period 2026-2028 could be seen in following table (Table 2.).
The prediction results suggest a relative stability of the production level in the
medium-term period.
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Table 2. Sunflower production forecast for Serbia (2026-2028)

Year Forecast Production (t) Lower 95% CI Upper 95% CI
2026 651,112 488,390 813,833
2027 641,090 454,948 827,232
2028 644,416 439,149 849,682

Source: Author’s calculation.

The visualization of the results is shown in Graph 1. Historical production
is represented by the blue line, while the forecast for the next three years is
represented by the brown line.

Graph 1. Trends and forecasting of sunflower production in Serbia
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The projection indicates that sunflower production will remain between
approximately 640 and 650 thousand tons, without significant upward or
downward trend. The stabilization pattern identified by the ARIMA model shows
the structural maturity of sunflower production in Serbia. Opposed to earlier
phases of expansion, future growth in production is expected to depend mainly on
productivity gains, while not on acreage expansion. The widening of confidence
intervals over the forecast timeframe indicates the growing uncertainty inherent in
agricultural systems that are exposed to:

climate changes,

instability of raw material (input) prices,

policy adjustments,

dynamic trends at international market of oilseeds.
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From economic perspective, stable production levels suggest the preserved
competitiveness of sunflower within the oilseed sector in Serbia, continuing its
importance for processing industries at national level. The expected stability of
production implies that future policies should be aimed at:

+ technologies for improving yield,

* hybrids more resistant to the climate change,
* investments in irrigation systems,

* implementation of precision agriculture.

ARIMA based projections provide useful analytical assistance for strategic
planning and risk management in agriculture.

Conclusion

In this research, the trend and forecasting of sunflower production in Serbia was
studied using the ARIMA time series model. The analysis is based on historical
production data, while the model was developed according to the Box-Jenkins
methodological framework, which includes identification, assessment and
diagnostic verification of model adequacy.

Derived results indicate that the ARIMA model enables accurate short-term
forecasting of key sunflower production parameters. Forecast for the next three
years indicates a fairly stable production trend, with moderate oscillations specific to
agricultural production. Such trend can result from changes in areas under this crop,
climatic conditions, as well as economic factors that affect producers’ decision.

Research results are important in practice for production planning and proper
decision-making in the oilseed industry. Forecasts can improve the management
of production resources, the planning of market trends, and development of
agrarian policy. Derived results also provide a solid basis for future research that
would include additional economic and climate factors in forecasting model.
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