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Abstract:

Wheat is one of the most important field crops in Bosnia and Herzegovina (B&H) and on second place in terms of
sown areas and the volume of production. It is also one of the most widespread cereals in the world, and according
to the total sown areas, wheat is in the first place. Wheat is especially important for nutrition of the population and
is often used as a substitute for corn as fodder. Despite the large volume of production, B&H has a low degree of
self-sufficiency in wheat. This paper analyzes wheat production in B&H based on the time series of data from 1998
to 2020, and the forecast a wheat production in the domestic market for a five-year period applaying ARIMA
modeling. In the analyzed period, wheat production had a average volume about 256.000 tons a year and decreased
at an average rate of (Rs-0.26%). However, the coefficient of variation shows the variability of production in the
observed period (Cv = 20.77%). The subject of the research is the projection of wheat production in B&H using the
EViews 10 program, where ARIMA models were applied for forecast purposes. The aim of the research is to forecast
the wheat production for a period of five years (2021-2025) based on the Box-Jenkins methodology. The data
required for forecasting were taken from the FAOSTAT database. Based on the selected ARIMA (1, 1, 10) model,
the trend of decreasing in wheat production in B&H is expected and in the next five years. It can be concluded that
in the forecasted period, production will fall by in average of 3.1% each year. Variability of the forecasted production
trend may be influenced by extreme manifestations of climatic factors, as well as unpredictable price movements in

the regional and world markets, as well as government policy measures in regard to grain production.
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1. Introduction

Wheat is,after the corn, the most important crop in Bos-
nia and Herzegovina. Wheat is primarily used for hu-
man consumption (ground into flour and processed into
bakery products), but a certain quantity is also used for
feeding livestock, primarily due to more favorable
trends in the price of wheat compared to the price of
corn. World wheat production has been increasing in
the last 10-15 years, and the actual production largely
depends on weather conditions in certain years, with
the significant oscillations. The greatest producer of
wheat in the world is EU with about 20% of total world
production, followed by China, India, Russian Federa-
tion, USA, etc. Wheat production is competitive and

largely export - oriented. Therefore, wheat production
and prices in the EU and other exporters affect the price
in B&H. Wheat sown area in the Bosnia and Herze-
govina is increasing. The increase in sown area under
wheat, according to statistical data, was about 3% at the
average annual rate in the period 2014 - 2019. So, the
data indicates that domestic farmers are interested in
wheat production. A characteristic of this primary agri-
cultural product is that developed countries have small
variations in yields and production, while in other
countries the variations are often significant. The needs
for wheat for human and livestock nutrition on the mar-
ket cause an increase in production with the growth of
subsidies for the production of this crop. Bosnia and
Herzegovina is traditionally a net importer of wheat, so
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even today between 300 and 400 thousand tons of
wheat are imported annually (Ostojic et al., 2020).
Mainly high quality wheat is imported for the needs of
the bakery and other food industry. Regardless of that,
wheat is also exported from B&H. On average, about
43.000 tons per year are exported. Due to unsatisfied
demand for wheat by own production, the shortage
must be compensated by import.

By analyzing time series of wheat production in Bosnia
and Herzegovina, we tried to describe and explain the
observed time series, but also to predict its future
movement. More researchers used the regression mod-
elling to forecast what production (Karim et al., 2005;
Prabakaran et al., 2013; Karim Ahmadzai and Eliw,
2019; Kovacevi¢, 2016; Hamulczuk and Klimkowski,
2012). Their results confirmed that different models
can be applied for forecastingin different areas. Thus,
we can set fundamental goals in the analysis of time
series data: first to describe the past time series, then to
find and explainbest model for analysis and the last to
predict the feature trends. The assumption that the
methods of descriptive and analytical statistics are ad-
equate for forecasting production and economic phe-
nomena was also confirmed by the forecasting results
obtained using ARIMA model by Nedeljkovic, 2019.
The main objective in fitting the ARIMA model is to
identify the stochastic process of the time series and
predict the future values accurately (Sunil and Sindhu,
2020). Wheat production forecast is done by using

ARIMA models which are developed in 1970 by Box
and Jenkins (Box and Jenkins, 1970). This methodol-
ogy is a powerful method of determination of mathe-
matical models of different stochastic variables. In es-
sence, it is a methodology of systematic multi-phase
modeling for the identification and evaluation of mod-
els with the aim of finding the best adjusted data time
series and making forecasts (llic et al., 2016).

2. Material and Methods

The research was conducted through the collection of
secondary data (FAOSTAT yearly data of Bosnia and
Herzegovina's production of wheat in tons for the pe-
riod from 1998. to 2020.) and the instrument of collec-
tion was the method of the so-called field research. The
Autoregressive Integrated Moving Average (ARIMA)
model is used in this paper. ARIMA Models has an Au-
toregressive Model AR(p) as the first part, and Moving
Average Model MA(q) a second part, and the third part
I(d) represents the differences required by the time-se-
ries in order to be stationary (Alfaki and Masif, 2015).
All the process of ARIMA modelling was done in the
program EViews10.

Building ARIMA Model and Forecasting: In order to
apply certain techniques for identifying and ARIMA
model for the data, firstly it was determined the form
of stationary of the original time series by applying the
"Unit root test" by correlogramtesting and the Aug-
mented Dickey-Fuller test (ADF) on the original data.
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Figure 1. Corellogram of production

Source: Authors, based on Statistical FAO and EViews 10 data
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The input series for ARIMA needs to be stationary, i.e.
it should have a constant mean, variance, and autocor-
relation through time (Novkovic et al., 2019). There-
fore, the series usually needs to be differenced until it
is stationary (this also often requires log transforming
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the data to stabilize the variance).The time series of
wheat production showed the non-stationarity and the
1*'differencing should be done for the production data
(Figure 2). Then the AR and MA values were deter-
mined by analyzing the correlogram.

Exogenous: Constant, Linear Trend

Augmented Dickey-Fuller Unit Root Test on PRODUCTION__T_
Mull Hypothesis: PRODUCTION__T_ has a unit root

Lag Length: O (Automatic - based an 3IC, maxlag=4)

f-Statistic Prob*

Augmented Dickey-Fuller test statistic -4 116007 0.0194
Test critical values: 1% level -4 4407349
5% level -3.632886
10% level -3.254671

*Mackinnon (1996) one-sided p-values.

Figure 2. ADF test for production

Source: Authors, based on Statistical FAO and EViews 10 data

AR value is determined by a Partial Correlation (PAC)
and MA value is determined by an Autocorrelation
(AC). Next phase in the Box-Jenkins methodology was
to estimate equation, in EViews10 too. In the command
window was entered: D(production) ¢ AR(p) MA(Q).
Four models were graded by comparing the R-squared
values, Akaike info criterion (AIC) and Schwarz crite-
rion (SIC). The best model is the one that has the max-
imum value of R-square and the minimum value of
AIC and SIC. After that follows the residual diagnos-
tics was tested. The last stage was the forecasting. It
was done for the period of next five years, 2021, 2022,
2023, 2024 and for the 2025.

3. Results and Discussion

3.1. Unit root testing and determining AR value
and MAvalue

Results of the first phase of the ARIMA modeling
showed that the time series has one unit root. This
means that the series is non-stationary and for the next
phases of the applied model the time series should be
stationary (a time series is stationary if it remains un-
changed in time and thus contains a pattern that is as
a basis for predicting future values).

Mull Hypothesis: D(PRODUCTION__T_) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic - based on SIC, maxlag=4)

Augmented Dickey-Fuller Unit Root Test on D{PRODUCTION__

t-Statistic Prob*

Augmented Dickey-Fuller test statistic -1.823633  0.0008
Test critical values: 1% level -4 532598
5% level -3.673616
10% level -3.277364

*MacKinnon (1996) one-sided p-values.

Correlogram of D{PRODUCTION__T_})

Date: 09/07/21 Time: 12:45
Sample: 1998 2025
Included observations: 22
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Figure 3. ADF test and correlogram for 1* difference of production

Source: Authors, based on Statistical FAO and EViews 10 data

In order to apply certain techniques for identifying an-
dARIMA model for the data, Alfaki and Masif,

2015determined the form ofstationary of the original
time series and drawed theautocorrelation function
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(ACF), and the partialautocorrelation function
(PACF) of data and confidence interval of (ACF) and
(PACF) to detect the stationary or non-stationary of
time series. ADF test of 1% difference (Figure 3)
shows the stationarity (the value of test critical value
is higher than ADF test statistics). After that it made
posible to identify the models.Box-Jenkins modeli-
dentification involves the determination of theappro-
priate orders of AR and MA polynomials i.e.the val-
ues of p and q(Verma et al., 2012).Based on the ana-
lyzed correlogram of the first difference the models
(1,1,2), (5,1,1), (5,1,10) and (1,1,10) were chosen for
the comparing. The values PAC 1 and 5 are crossing
the vertical lines and the AC 1 and 10 (Figure 3).

3.2. Estimation and model diagnostics stage

In the phase of estimation of the equation all the mod-
els that are identified are compared. Four models with
different combinations of AR and MA variables were
examined. In interpreting the criteria, we considered
the more value of R? or 2R, the better is the fitness of
the model. Smaller value of RMSE, AIC, SIC, BIC,
MAE, and MAPPE are better fitness of the model(Ka-
rim et al., 2010).Based on the results of the indicators
for comparing that are listedthe most acceptable
model was AR (1) MA (10) i.e. (1,1,10). This model
(Figure 4) has the biggest R-squared value(R*=0,71)
and the lowest Akaike info criterion (AIC=24,79) and
Schwarz criterion (S1C=24,98).

Drate: 08/31/21 Time: 09:20
Sample: 1999 2020
Included observations: 22

Dependent Variable: DIPRODLUCTION__T )
Method: ARMA Maximum Likelihood (OPG - BHHH)

Failure to improve objective (non-zero gradients) after 14 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.

C -2695 341 5288241 -0.508724 0.6171

AR(T) -0.550822 0213222 -2 583328 0.0187

MAC10) -1.000000 16835.82 -5.90E-05 1.0000
SIGMASC 1.38E+048 1ATE+13 0.000118 0.9999
R-squared 0713816 Mean dependentvar -869.5908
Adjusted R-squared 0666119 S.0. dependentvar 7099617
3.E. of regression 41023.34 Akaike info criterion 24 TE642
Sum squared resid 3.03E+10  Schwarz criterion 24 98479
Log likelihood -268.6506 Hannan-Cluinn criter. 24 83315
F-statistic 14 96554 Durbin-Watson stat 1.956622

Prob{F-statistic) 0.000038

Figure 4. ARIMA (1,1,10) model statistics

Source: Authors, based on Statistical FAO and EViews 10 data

Proving that the chosen model is the best for the
ARIMA forecast can be confirmed by the Durbin —
Watson (DW) statistics which value should be approx-
imately 2, significance of F — statistics (should be less
than 0,05) and the coefficient of determination (R?)
which should be as high as possible. Based on the co-
efficient below it can be concluded that their value is
completely acceptable.

Production = (-2695,34) - 0,55Production.s - 1&tw10
R?=10,71

DW = 1,956

Prob. (F — statistic) = 0,000039

The validity of the chosen model is evaluated on the
basis of predictive power and connectivity with the
original time series. Validity is assessed by doing his-
togram and correlogram of residuals (Q-statistics and
residual root) and it is sown that the model (1,1,10) has
a normal distribution of residuals. The model is rated
positively because autocorrelation and partial correla-
tion indicates the random movement of residuals (Fig-
ure 5).
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Correlogram of Residuals 7
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Figure 5. Residual normality test and correlogram of residuals
Source: Authors, based on Statistical FAO and EViews 10 data

Also for the evaluation of model heteroscedasticity — of y%0.0s18 Which is 28,869. The assumption about the
(White) test was included. Test value (Obs*R-squared model variance homoscedasticity is accepted.

= 19,17) of chosen modelis less than the critical value
Heteroskedasticity Test: White

F-statistic 4059755 Prob. F(3,18) 0.0000
Obs*R-squared 1916723 Prob. Chi-Sguare(3) 0.0003
Scaled explained 35 1251539 Prob. Chi-Sguare(3) 0.0058

Figure 6. White test — heteroscedasticity test
Source: Authors, based on Statistical FAO and EViews 10 data

3.3. Forecasting future trend of wheat production

In order to forecast the future trend of wheat production in tons for Bosnia and Herzegovina the original time series
is modified. The length of time series is extrapolated for five years. The Figure below shows the best and worst
scenario between +2 sandard errors of real production time series. Also on the right side is the trend of the fore-
casted production for next five years. Red line shows the data values available on FAOSTAT data and the blue line
shows the future values trend.
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Figure 7. Forecast of future wheat production 2021-2025 for Bosnia and Herzegovina

Source: Authors, based on Statistical FAO and EViews 10 data
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Source: Authors, based on Statistical FAO and EViews 10 d

The forecasted future scenario shows that the Bosnia
and Herzegovina wheat production will decrease due to
many effects, primarily climatic and market factors.
The production should be in 2021. about 292.208 tons,
then the fall is expected to 275.292 in 2022. In next two
years the growth of production amount is predicted. In
2025. based on the created model the production value
is the smallest off forecasted period and will be 274.650
tons.

4. Conclusions

Bosnia and Herzegovina is a country with a low level
of economic development and of course with a large
percentage of agricultural population (about 30%). Ag-
riculture share in GDP is about 7% (MOFTER, 2018).
Because of that the agriculture and agriculture produc-
tion is very important. The second largest production
by area is wheat production. Despite that, Bosnia and
Herzegovina does not have the self sufficiency for this
product, because it is used as human and also animal
food. The authors wanted to forecast this production
and to perceive and analyze it. Based on the results of
this paper and applied method, chosen ARIMA (1,1,10)
model it can be concluded that it is expected a down-
ward trend of wheat production in Bosnia and Herze-
govina. The falling trend can be accepted because the
climatic and market factors that are expected in future
and happens now are not good for agricultural produc-
tion. The values of production in future will be on the
average level about 280.000 tons (25.000 tons higher
than average 1998-2020).

5. Acknowledgements

First limit of this study is that there is no the best and
completely accurate ARIMA model. Based on the indi-
cators (R?, AIC, SIC, DW, Prob — F statistics, White
test, histogram and correlogram of residuals)that are

ata

described in material and method and results and dis-
cussion chapterone model was chosen but always there
is stochastic process in every time series. Especially in
non-biological processes there is a big variations and
the prediction is uncertain. Second limit of the paper is
the data as an input for the analysis. In Bosnia and Her-
zegovina there is a problem with a data collection and
the validity of them.
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