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DEVELOPMENT OF A CEREAL SUPPLY MODEL IN THE REPUBLIC
OF CROATIA USING THE ARIMA APPROACH 1

Dragan Dokic¢!, Vesna Gantner*

Abstract

Cereal production represents a strategic sector of the Croatian economy, for
which the country is recognized in the international market. Due to extensive
arable land and high-quality soils, crop yields per unit area are above average.
The objective of this study was to analyze historical cereal production and forecast
future supply using the Autoregressive Integrated Moving Average (ARIMA)
model. Time series for the period 2018-2023 were examined, and statistical and
econometric analyses were applied to identify variations and deviations within
the data. Based on these analyses, projections for the six-year period 2024-2029
were generated. The results indicated expected positive trends in the supply of
wheat, maize, barley, and oats, providing valuable insights for planning and
optimizing cereal production in Croatia.
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Introduction

Land as an economic good represents the fundamental resource of crop
production. Economic goods are scarce because their availability is limited
relative to human needs; they are, therefore, goods or services that are both
desired and rare. The definition of economics implies the most efficient
use of resources, or in other words, the achievement of the best possible
allocation of those resources. Thus, economics addresses two key problems
(Krugman, 2009):

- scarcity of resources, and

- choice (economic decision-making).
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The problem of scarcity manifests itself in the continuous gap between the
extent of satisfied and unsatisfied wants, a gap that may narrow with economic
progress but can never be entirely eliminated. The scarcity of goods and services,
which are used to satisfy human desires, stems from the limited availability of
resources. Accordingly, the treatment of scarce resources and the necessity of
making choices between alternative uses of those resources define economics
as the science of rational choice. Economics seeks to identify and improve the
principles that govern rational economic behaviour (Olson et al., 2009).

Decision-making necessarily involves comparing benefits and costs, revenues
and expenses, or costs and profits, so that the chosen alternative provides greater
benefits than incurred costs, thereby improving the individual’s or entity’s economic
position. Production choices largely depend on the availability and cost of natural
resources. The use of labour, capital, and technology influences the combination of
input utilization. In crop production, land represents the principal production factor
(Thomson et al., 2014). Through its use, various plant species are cultivated, which
are subsequently processed into food and other products that satisfy human needs
(Grahovac, 2005).

These activities can collectively be described by the concept of economic efficiency.
Economic efficiency is a key indicator of productive performance and refers to the
ability to produce a unit of output at the lowest possible cost (Bosnjak et al., 2003).
It depends on the prices of the productive resources employed. Fundamentally,
economic efficiency occurs when the cost of producing a given quantity of output
is minimized (Arsenovic et al., 2002).

In general terms, supply reflects the quantity of output that a producer is willing
to offer and sell in a particular market over a given period, at various possible
price levels. There is a direct relationship between the market price of a good
and the quantity supplied if the market price increases (decreases), the quantity
supplied will also increase (decrease), assuming other factors remain constant
(Olson et al., 2009).

Corn, wheat, sunflower, and oats are the most represented crops in the Croatian
market. The total supply of a given product by all producers within a market over
a certain period is referred to as aggregate or market supply. Geometrically, it is
obtained by the horizontal summation of individual producers’ supply quantities
at each price level. Besides market price, other determinants also influence supply
dynamics, among which production costs are the most significant (Bijeli¢, 2008).
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An increase in production costs raises the marginal cost at each output level,
which shifts the supply curve accordingly (Blanchard, 2005). Under such
conditions, producers will offer smaller quantities of output at the same market
price. Conversely, a reduction in costs leads to an increase in the quantity
supplied. Technological progress exerts a similar effect: innovations enable the
same output to be achieved with fewer inputs, or greater output with the same
input levels, thereby encouraging producers to offer more output at the same
market price.

Another determinant of supply is the movement of prices of related goods. When
the price of a substitute increases, the supply of other goods tends to rise, shifting
the supply curve of the unchanged product to the right, and vice versa (Basi¢ et
al., 2002). Government economic policies also have a considerable influence on
supply. Through fiscal policy, monetary policy, environmental regulations, product
standardization measures, customs policy, and similar instruments, governments
indirectly affect producers’ costs and the structure of production (Krueger, 2009).

Finally, certain non-economic factors may also condition supply. Weather
conditions, for instance, exert a particularly strong influence on the supply of
agricultural products. Market structure and expectations regarding future prices
further shape producers’ supply decisions, underscoring the complexity of
agricultural market dynamics.

When there is an inverse relationship between the quantity of a good supplied and
its market price level, the supply curve exhibits a negative slope, and such curves
are referred to as regressive supply curves. These deviations from the standard law
of supply most commonly occur in agricultural production systems. In Croatia,
maize, wheat, sunflower, and oats represent the dominant crop species and constitute
the major share of the agricultural market supply offered at given price levels. It
is important to note that, in agricultural production, changes in the market price
of output may not necessarily lead to proportional changes in production volume
or income. Specifically, when market prices increase, agricultural producers may
achieve the same income level and satisfy their economic needs with a reduced
volume of production, thereby also decreasing their labour input (Defilippis, 2005).

Based on this theoretical framework, the objective of the present study was to
analyse the current state of crop production in the Republic of Croatia and, through
this analysis, to gain insights into the expected trends and dynamics of market
supply over the forthcoming six-year period.
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Material and Methods

Cereals represent one of the most significant sectors of Croatian agriculture,
occupying approximately one-third of the total utilized agricultural land. They
account for nearly one-fifth of the total value of national agricultural production.
Due to a high degree of self-sufficiency, cereal crops also constitute one of
Croatia’s most important export commodities. As the global economy continues
to evolve, recent research indicates a steady increase in market demand for
wheat, maize, sunflower, and oats, as well as for their processed derivatives. In
light of these favorable market trends, it is essential to systematically enhance
production capacities and strengthen overall supply potential. The data used in
this study were collected as monthly time series over a six-year period for each
major crop species. Production volumes are expressed in thousand tons and
presented by year in Table 1.

Table 1. Comparative overview of cereal crop production volumes in Croatia,
20182023 (in t)

Crop 2018 2019 2020 2021 2022 2023
Wheat 738.363 789.950 849.656 961.940 947.615 821.526
Maize | 2,147.275 | 2,298316 | 2,/430.598 | 2,242.119 | 1,641.893 1,991.265
Barley 227.520 275.397 321.776 306.209 318.202 290.040
QOats 44.827 57.585 65.345 58.840 47.973 33.714
Total 3,157.985 | 3,421.248 | 3,667.375 | 3,569.108 | 2,955.683 3,136.545

Source: Author s calculation based on data from
the Croatian Bureau of Statistics.

According to the data provided by the Croatian Bureau of Statistics, the production
volumes displayed in Table 1 show deviations that do not exceed 15% of the multi-
annual average. Data from the Ministry of Agriculture, Forestry, and Fisheries
of the Republic of Croatia, as reported in the Annual Report for 2023, indicate
comparative changes in cereal crop prices. The increase in input unit prices during
2021 and 2022, which stabilized in 2023, contributed to the observed decline in
production volume for some crops in 2022 and for all major cereals in 2023.

To forecast the supply of cereal products, this study employs the ARIMA
(Autoregressive Integrated Moving Average) model. The ARIMA model represents
a class of autoregressive time series models that express the dependence of the
current value of a time series variable (Y;) on its previous values (Y1). This
methodology provides a systematic, multi-stage approach to model identification
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and estimation, combining auforegressive (AR) and moving average (MA)
components to achieve the best possible fit of the time series data based on past
observations and to generate reliable forecasts (Hillmer et al., 1982). The general
form of the ARMA (p, q) model is:

!‘l—l_ﬂl yt—l—i_ﬂz yt—2+""+ﬂp yt_p +Et'01 gt_l'[]z St_z—....-Oth_q
AR ) MAq)

Y=

In this model, M - 9;1. 9.8y, represent the model parameters estimated based on
sample data (i.e., the time series), while denotes a random variable following
a white noise process, also referred to as the innovation term. The parameter
u represents the average level of the process, whereas, 91-92.8p are the
parameters associated with lagged variables. Here, p denotes the non-seasonal
AR (autoregressive) order, and q denotes the non-seasonal MA (moving
average) order.

The ARIMA (p, d, q) model is an extension of the ARMA (p, q) model, where
the parameter dd indicates the degree of differencing applied to the time series to
achieve stationarity (Fischer et al., 1998). This form is considered standard as it
encompasses, in a single expression, the AR(p) model, the MA(q) model, and the
ARMA (p, q) model. The ARIMA (p, d, q) model is as follows:
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where:
d — non-seasonal differencing order.

In the case where p = I, the model is defined as a first-order autoregressive
model, denoted as AR (1). In the AR (1) model, the dependent variable is
regressed on its own lagged value (i.e., Yt—1), indicating that the current value
of the dependent variable depends on its own previous (lagged) value and its
average level over time.

Results and discussion

The results presented in Figure 1 illustrate inter-annual variations in cereal crop
production during the six-year observation period. The greatest deviations were
recorded in maize production, particularly in 2022, when output decreased by
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approximately 600,000 tons compared with 2021. A notable reduction was also
observed in 2021, when maize production declined by 189,000 tons compared
with the previous year. In other observed years, maize production showed positive
growth trends. For other crops, wheat, barley, and oats, fluctuations were relatively
smaller, with predominantly positive deviations across the analyzed period.
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Figure 1. Variations in cereal crop production volumes in Croatia, 2019-2023

In order to construct the ARIMA model and assess the reliability of the dataset,
statistical indicators such as standard deviation, variance, mean value, covariance,
correlation, and autocorrelation were calculated for each crop. The results are
summarized in Table 2.

Table 2. Comparative statistical results for major cereal crops for the analyzed
period 2018-2023 (in t)

Crop n Stal.ld?rd Variance Mean Covariance SL Corr Autocorr
deviation value
Wheat [ 6 51,892 8,648 879,142 4,620 0.5463 0.7979 0.1714
Maize | 6 | 501,387 83,564 | 2,085,204 2,395 0.7411 0.7200 0.3005
Barley | 6 6,943 1,157 294,851 3,143 0.2380 0.0764 0.1612
Oats 6 286 48 54,492 4,324 0.3566 0.9493 0.5979

* SL — significance level; Corr — correlation, Autocorr — autocorrelation
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The mean production volume of wheat over the analyzed period was 879,142.67
tons. The relatively high standard deviation and variance values indicate a wider
dispersion of data around the mean, reflecting inter-annual variability influenced
by climatic and market factors. The positive covariance suggests a consistent
upward movement of production values over time. A positive correlation (r
= 0.7979) indicates a strong association between the time series data points,
implying that increases in production in one period tend to be followed by similar
increases in subsequent periods. The positive autocorrelation value (0.1714)
further supports this observation, suggesting stable production continuity. The
significance level (0.5463) confirms that the time series data are statistically
reliable for modeling purposes.

Maize recorded the highest mean production value 0£2,085,204.83 tons, confirming
its dominant position in Croatian crop production. Despite noticeable fluctuations,
the correlation (r = 0.7200) and autocorrelation (0.3005) coefficients are both
positive, indicating a persistent tendency toward recovery following production
declines. The variance and standard deviation values are considerably high, which
is consistent with maize’s high sensitivity to climatic stress and market volatility.
The significance level (0.7411) supports the statistical reliability of the series.
Overall, the maize production trend can be characterized as cyclical but stable in
the long term, with expectations of moderate positive oscillations in future output.

The mean production volume of barley was 294,851.67 tons. The data show
moderate variability, as indicated by the standard deviation and variance values.
The correlation coefficient (0.0764) is low, suggesting a weak relationship between
consecutive annual production levels, possibly reflecting the influence of short-
term agronomic or policy factors. However, the positive autocorrelation (0.1612)
suggests that small, consistent production improvements may occur in the coming
years. The overall significance level (0.2380) indicates a relatively less reliable
time series compared with maize or wheat, yet sufficient for indicative modeling.

Oats exhibited the lowest mean production value (54,492.83 tons) among the
analyzed crops. Despite its small contribution to total cereal output, the correlation
coefficient (0.9493) indicates a very strong positive relationship between annual
production values, suggesting a highly consistent production pattern. The positive
autocorrelation (0.5979) further reinforces this stability, implying that fluctuations
in oat production tend to follow predictable trends. The moderate significance
level (0.3566) confirms that the time series is suitable for ARIMA forecasting.
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The results of the statistical analysis indicate that Croatian cereal production
exhibits both temporal stability and sensitivity to market and environmental
factors. Maize shows the highest level of inter-annual variation, largely due to its
dependence on favorable weather conditions and input costs. Wheat and barley
production demonstrate moderate stability, reflecting more resilient production
systems and diversified cropping structures. Oats, despite their smaller market
share, display strong statistical consistency, suggesting a potential for reliable
yield prediction. Application of the ARIMA model based on these results is
expected to provide a robust forecasting framework for future cereal supply in
Croatia. Positive autocorrelation values across all crops suggest that production in
upcoming years will likely maintain or modestly exceed current levels, assuming
stable market and climatic conditions. These findings underscore the importance
of enhancing production efficiency and investing in technological innovation to
mitigate the effects of input cost fluctuations and environmental variability on
national cereal output.

Based on the statistical results obtained from the ARIMA model, Table 3 presents
the six-year forecast of the supply of major cereal crops in Croatia for the period
2024-2029.

Table 3. Forecast of cereal crop supply in Croatia for the period 2024-2029 (in t)

Year Wheat Maize Barley Oats

2024 1,021,000 1,835,000 677,000 88,000
2025 1,049,000 1,941,000 669,000 91,000
2026 1,071,000 2,094,000 671,000 95,000
2027 1,015,000 2,121,000 685,000 103,000
2028 1,147,000 2,616,000 694,000 104,000
2029 2,184,000 2,887,000 715,000 110,000
Total 7,487,000 13,494,000 4,111,000 591,000

The forecast values presented in Table 3 confirm and further support the
interpretations derived from the statistical analysis in Table 2. Across all
examined crops, a positive trend in production volume is projected over the six-
year forecast period (2024-2029). The results indicate that, under stable market
and climatic conditions, all major cereal sectors are expected to record gradual
increases in output.

On average, the annual production growth rate is projected to be 6.66% for
wheat, 9.73% for maize, 1.11% for barley, and 4.59% for oats. These projections
suggest that maize and wheat will continue to dominate the national cereal supply,
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contributing the most to Croatia’s agricultural output and export potential. Barley
and oats, while smaller contributors in absolute terms, are expected to maintain
stable and moderate growth trends, reflecting their role as complementary crops
within the cereal production system.

The comparative graphical analysis between the historical and projected periods
demonstrates a notable upward trend in overall cereal supply in Croatia. When
comparing the total production volumes of the two observed periods (2018-2023
vs. 2024-2029), the ARIMA-based forecast indicates a percentage increase in
supply as follows:

- wheat: +41.94%
- maize: +7.86%
- barley: +5.70%
- oats: +20.12%.

Figure 2. Comparative analysis of cereal supply for the historical (2018-2023)
and forecast (2024-2029) periods
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These results reflect the combined effects of moderate technological
improvements, expected stabilization of input prices, and the resilience
of domestic agricultural systems. The higher projected increase in wheat
production may also be linked to ongoing improvements in yield efficiency
and adaptation strategies to climatic variability.

The ARIMA forecast suggests that Croatia’s cereal production sector is likely
to experience sustained positive growth through 2029. Wheat and maize are
projected toremain the leading contributors to total output, while oats and barley
are expected to record smaller but steady gains. This trend can be interpreted
as a reflection of both improved production efficiency and favorable market
conditions in the medium term. The moderate growth rates also imply that
Croatian cereal production has a potential for export expansion, particularly
in the wheat and maize sectors. Furthermore, the stability observed across all
crops underscores the sector’s adaptability to external shocks such as climate
fluctuations and input cost variations.

Overall, the ARIMA model provides a reliable framework for medium-term
forecasting of agricultural supply. The positive outlook for the coming years
highlights the importance of continued investment in precision agriculture,
sustainable land use, and technological innovation to maintain competitiveness
and ensure long-term production stability in Croatia’s cereal sector.

Conclusion

The primary aim of this study was to analyse the supply of major cereal crops,
wheat, maize, barley, and oats, over the six-year period from 2018 to 2023 and
to forecast expected trends in supply for the forthcoming period. Application
of the ARIMA model allowed for reliable projections, indicating an overall
increase in cereal supply in the medium term.

The statistical analysis of the historical period revealed that standard deviations
were relatively high, indicating significant variability in annual production
volumes. Variance values further confirmed that the dataset was dispersed
around the mean, while positive covariance values suggested that deviations
from the mean tended to move in a consistent, upward direction. Positive
correlation coefficients across all crops indicate that historical oscillations are
likely to be reflected in future production, and positive autocorrelation values
imply persistence in production trends, supporting expectations of increased
output in the coming years. The significance levels of the time series confirm
the reliability of the data and the robustness of the model.
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The ARIMA-based forecasts show that wheat and maize are expected to continue
dominating Croatia’s cereal production, while barley and oats are projected to record
moderate yet steady growth. The observed positive correlation and autocorrelation
between historical and forecasted data further validate the expected trends and
demonstrate a statistically supported relationship between past and future supply.

In conclusion, the study successfully achieved its objective. The findings provide
a sound basis for anticipating future cereal supply in Croatia, offering valuable
insights for policymakers, agricultural planners, and market stakeholders seeking
to optimize production strategies, enhance resource allocation, and support
sustainable growth in the crop production sector.
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