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FORECAST OF PLANTING VINEYARDS WITH
LOCAL GRAPEVINE VARIETIES IN THE REPUBLIC OF
SERBIA USING THE ARIMA MODELS

ABSTRACT: Compared to the previous period, the vineyard area in the Republic of
Serbia has decreased significantly. Although the planting of new vineyards is subsidized
over a long period of time, not enough vineyards are planted to ensure self-sufficiency in
domestic grapes, wine (wine products) and spirit drinks originating from grapes. This is
especially case for vineyards with local grapevine varieties, which can be of great importance
for the rural development and promotion. In this paper, utilized time series analysis, spe-
cifically Auto Regressive Integrated Moving Average (ARIMA) modeling was used to
predict the dynamics of newly planted vineyard areas with all grapevine varieties and local
grapevine varieties based on data from the previous 20 years (period from 2003 to 2022).
The aim is to forecast the trends of newly planted vineyard areas, both for all grapevine
varieties and vineyards with local grapevine varieties, for the period from 2023 to 2027. A
time series refers to a structured sequence of observations. The structuring is frequently
done in terms of time intervals. Forecasting time series data, or determining future trends,
is one of the most crucial goals of time series analysis. Based on such analysis, it is possible
to forecast the expansion of vineyard areas for the upcoming period. ARIMA models helped
to determine five-year trends in data on newly planted vineyard areas. The forecast made in
this paper showed that vineyard area of all grapevine varieties would be planted at an an-
nual range of about 230 and 300 hectares over the next five years. The forecast for future
annual planting for the same period (2023-2027) of vineyards with local grapevine varieties
is in the range of only about 10 to 60 hectares. The obtained ARIMA forecast results, espe-
cially for the forecasts for planting vineyards with local grapevine varieties, show that it is
necessary to pay special attention to this problem and to initiate numerous measures and
activities in order to increase the area of vineyards with local grapevine varieties in the
Republic of Serbia.
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INTRODUCTION

Planting vineyards has been a constant subject-matter of the agricultural
policy of the Republic of Serbia; it has been limited in the European Union for
several decades, and it has been also a topic when it comes to monitoring the
tendencies in terms of vineyard areas by the International Organization for
Vine and Wine (OIV). Given the importance of local grapevine varieties, they
are given special attention in order to increase the vineyard areas with local
varieties.

According to the OIV, the total vineyard area in the world in 2022 was
7.3 million hectares (OI'V, 2022). Although the areas under vineyards in the
world have been constantly decreasing since 2006, from 2017 onwards such
areas have started to stabilize. The reason for this, however, lies in increasing
the number of these areas in some countries (Russia, India, Brazil, France and
others), at the expense of other countries in which the number of areas under
vineyards have been decreased in recent years (Moldova, Turkey, Spain, Ar-
gentina and the USA) (OIV, 2022). Despite international varieties prevail in
general, in some countries, there have been new vineyards with local varieties,
as in Italy (Glera variety), Portugal (Touriga Franca, Touriga Nacional and
Arinto) and other countries (OIV, 2017).

For a long time, in order to avoid the risk of oversupply of wine products
and ensure the competitiveness, within the measures of the Common Market
Organization (CMO) for the wine sector, the European Union has constricted
the expansion of the existing vineyard areas, through the “planting rights”
system. This “planting rights” has been changed after the EU passed a new
common agricultural policy (Regulation [EU], No. 1308/2013). In 2016, the
regulation introduced the system of authorization of planting vineyards, where
each member state can increase vineyard areas, corresponding to no more than
1% of the total area actually planted with grapevines calculated on 31 July of
the previous year. Such limitations and strict control of production can help
avoid the risk of the wine oversupply on the market, but also the risk of de-
valuation of protected and renowned EU geographical indications.

In the Republic of Serbia, when it comes to the areas under vineyards and
trends of planting new vineyards, the situation in the previous period has been
completely opposite. Compared to 1955, when there were 135,000 ha of vine-
yards (Jaksi¢, 2019), in 2022 there were 19,973 fruitful vineyards (without data
from AP Kosovo and Metohija) (Jefti¢, 2023). According to the data from the
Vineyard Registre, there are more than 6.5 thousand hectares of vineyards in
Serbia for commercial production of grapes and wine (Jaksi¢, 2019). The Re-
public of Serbia currently does not have enough vineyard areas, and conse-
quently, enough quantities of domestic grapes, wine (wine products) and spir-
it drinks originated from domestic grapes to ensure an adequate level of self-
sufficiency. This is confirmed by data showing that in 2022 the total production
of wine recorded in the Winery Registre was 25 million litres, 16.8 million of
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which was made of domestic grapes and 8.2 million of imported, i.e. delivered
raw material (Jefti¢, 2023). According to the Serbian Statistical Office (RZS),
the total imports of wine (excluding aromatic wine) in 2022 amounted to 22.9
million litres (Jefti¢, 2023). Given such circumstances, there is a need for plant-
ing a considerable number of vineyards, and especially vineyards with local
grapevine varieties that can have economic importance and they can also
greatly affect the development of rural areas and promotion of Serbia or certain
wine-growing areas/geographical indications. For that reason, the Serbian
Ministry of Agriculture, Forestry and Water Management (MPSV) has been
encouraging the planting of new vineyards for more than two decades, giving
some incentives for newly planted vineyards with local grapevine varieties
(Sluzbeni glasnik RS, No. 49/23). The calls from Certification of Planting Ma-
terial and Clonal Selection Programme funded by the Serbian Ministry of
Agriculture, Forestry and Water Management (MPSV, 2019) until 2019
launched clonal selection of certain local grapevine varieties in Serbia. Nev-
ertheless, except in 2008 and 2009, despite significant national and EU incen-
tives, there have not been many newly planted vineyards in the last 20 years
in Serbia (on average, 232 hectares per year). It is particularly true when it
comes to newly planted vineyards with old autochthonous and regional/local
grapevine varieties and there are 31 of them in Serbia (Jaksi¢ et al., 2019).
Namely, over the last 20 years, 53 hectares of vineyards with local varieties,
on average, have been planted per year, and the largest area was planted in
2021.

Without going deep into the issue of lacking the certified clone planting
material for local grapevine varieties, high costs of setting up and maintaining
a vineyard, high price competition of wine from the neighbouring countries
(Jaksi¢, 2019) and other problems that lead to planting less vineyards, there is
aneed for research and forecast planting of vineyards in the future period based
on data on trends in vineyard planting in previous periods and based on using
appropriate research methods. The goal of this paper was to predict vineyard
planting (total vineyard areas with all grapevine varieties and with local grape-
vine varieties) based on the data on vineyard planting in previous years and
using the ARIMA (Auto Regressive Integrated Moving) model.

MATERIALS AND METHODS

Methodology for predicting the planting of new vineyards using
the ARIMA models

ARIMA models are the most widely used approaches to time series fore-
casting to provide complementary approaches to the problem. ARIMA models
aim to describe the autocorrelations in the data (Hyndman and Athanasopou-
los, 2021). The primary objectives of time series analysis include description,
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explanation and prediction or forecasting of time series data. During the fore-
casting process, the authors work with a time series for which data are avail-
able up to a certain point in time, denoted as an “h”, where “X = (X1, ..., Xh)”.
The objective is to predict future values for “” periods in advance, repre-
sented as “Xh+(”, where “0” is defined as the forecast horizon (Ili¢ et al., 2014).
For annual time series, it is often appropriate to forecast three periods ahead,
which corresponds to the next three years. For quarterly time series, the fore-
cast horizon typically extends to one or two quarters. However, for daily time
series, forecasts may extend over longer periods, encompassing days or even
months. It is worth noting that the precision of such forecasts becomes increas-
ingly questionable beyond the specified limitations. In such cases, these predic-
tions are more accurately described as projections rather than forecasts
(Dabeti¢, 2016). Projections require further consideration and additional factors
and research (Joksimovi¢ et al., 2020). Seasonal ARIMA models, similar to
their non-seasonal counterparts, consider the interdependence of consecutive
observations within a time series, such as the relationship between observations
of consecutive months (or quarters) within a year. However, unlike non-sea-
sonal time series, seasonal time series models also account for the interdepend-
ence of observations for the same months (or quarters) in consecutive years
(Mutavdzi¢ et al., 2014).

The seasonal ARIMA model for a time series {Xt, teT} follows the struc-
ture (Mladenovi¢ and Nojkovi¢, 2015):

¢B)(1-B)' (1 -B)" X, = 0(B)e:

Both seasonal and non-seasonal differentiation operators are used in the
definition of an ARIMA model, referred to as d- and D- times, respectively.
To construct an ARIMA model effectively, it is advisable to follow the interac-
tive approach proposed by Box and Jenkins (Mladenovi¢ and Nojkovi¢, 2015).
The predictive analyzes using the ARIMA model were performed using SPSS
statistical software.

Data used for the analysis

For the study, data on the dynamics of newly planted vineyards for the
period 2003-2022 were used (Jaksi¢, 2019; Jefti¢, 2023; internal interviews),
including both planted areas (vineyard areas with all more than 251 grapevine
varieties (Jefti¢, 2023), as well as vineyard areas with just 31 local grapevine
varieties). Based on the presented data, an analysis is performed to forecast
the trends in newly planted vineyards with all grapevine varieties, as well as
with local varieties for the next five years (2023-2027).
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Table 1. Data on the areas of newly planted vineyards with all grapevine varieties and
local varieties for the period 20032022

Year Area of newly planted _ViI}eyards with Areas of newly p!anted Yiqeyards with
all grapevine varieties (ha) local grapevine varieties (ha)
2003 74.709 32.405
2004 121.673 31.759
2005 121.949 28.102
2006 129.736 22.733
2007 226.078 29.288
2008 514.174 84.477
2009 541.603 79.903
2010 348.227 59.688
2011 310.088 65.110
2012 276.587 65.371
2013 209.782 64.931
2014 154.234 50.200
2015 87.645 23.885
2016 111.823 26.858
2017 146.865 44.444
2018 221.114 32.925
2019 219.933 42.010
2020 217.465 43.683
2021 303.102 122.164
2022 303.141 116.182
Average 231.996 53.306

Source: (Jaksi¢, 2019) and interviews of grape producers.

RESULTS AND DISCUSSION

Analysis of the forecast for planting vineyards with
all grapevine varieties

Before analyzing the prediction of vineyard areas with all grapevine va-
rieties, two tests were used to verify the data following a normal distribution:
Kolmogorov-Smirnov and Shapiro-Wilk test. Based on both tests, the data
were found to follow a normal distribution, allowing a further data analysis
based on ARIMA modeling. Based on the data in Table 1, an analysis of the
prediction of planting of vineyards with all grapevine varieties for the next five
years, period 2023-2027, was performed.
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Graph 1. The trend of newly planted vineyard areas with all grapevine varieties in the
period 2003-2022

From Graph 1, it can be concluded that the data do not follow one trend
(a constant increase or a constant decrease in planted vineyard areas with all
grapevine varieties), but there is a noticeable fluctuation in the amount of
planted vineyard areas with all grapevine varieties, from which it can be con-
cluded that it is a stationary time series. In the data modeling, based on the
autocorrelation and partial correlation function of the time series, the following
model (4,0,2) was chosen from several models to describe newly planted vine-
yards with all grapevine varieties in the Republic of Serbia.

Table 2. Estimated parameters of the ARIMA (4,0,2) model

Lag Estimate SE t Sig.
AR Lag 1 1.704 0.505 3.371 0.005
Lag2 -1.455 0.964 -1.509 0.155
Lag3 0.909 0.753 1.208 0.249
Lag 4 -0.494 0.281 -1.758 0.102
MA Lag 1 0.937 6.635 0.141 0.890
Lag?2 0.048 1.001 0.048 0.962

Source: Author’s calculation in the SPSS program based on the data from Table 1
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Graph 2. Correlogram results for the residuals of the estimated model 1

Based on Graph 2, it can be concluded that the residuals do not contain
significant correlations on any of the lags, i.e. the residuals follow the white
noise pattern.

Table 3. Estimation of newly planting vineyards with all grapevine varieties in the Re-
public of Serbia based on the ARIMA model (4,0,2)

. Confidence interval of 90% of the estimated
Estimated newly planted

Years vineyard areas newly planted vineyard areas
Lower bound Higher bound
2023 290.02 149.73 430.30
2024 303.88 123.88 483.89
2025 301.94 121.47 482.42
2026 266.51 74.05 458.96
2027 228.05 27.83 428.27

Source: Author’s calculation in the SPSS program based on the data from Table 1
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Graph 3. Newly planted vineyards with all grapevine varieties in the period 2003-2022
and the amounts estimated according to the ARIMA model for the next five years

Based on the defined ARIMA modeling, Graph 3 shows the trend of newly
planted vineyard areas with all grapevine varieties in the period 20032022,
as well as the trend of newly planted vineyard areas according to the ARIMA
model. Based on the graphical representation, it can be inferred that the defined
ARIMA model closely aligns with the actual figures of newly planted vineyard
areas with all grape varieties, indicating that the defined model is reliable.
Additionally, the defined ARIMA model forecasts the amount of newly plant-
ed vineyard areas with all grape varieties for the next five years (2023-2027).
The forecast data obtained indicate that there will be no significant changes
in terms of newly planted vineyard areas with all grapevine varieties, with the
trend of planting remaining within the range of 230-300 hectares annually.

Analysis of the forecast for planting vineyards with
local grapevine varieties

As in the above-mentioned case, before analyzing the prediction of vine-
yard areas with local grapevine varieties, two tests — the Kolmogorov-Smirnov
and the Shapiro-Wilk tests were used to determine whether the data followed
a normal distribution. Based on both tests, it was concluded that the data fol-
lowed a normal distribution, enabling a further data analysis based on ARIMA
modeling. Based on the data in Table 1, an analysis of the prediction of plant-
ing vineyards with local grapevine varieties for the next five years, period
2023-2027, was performed.
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Graph 4. The trend of newly planted vineyard areas with local grapevine varieties in
the period 20032022

From Graph 4 it can be concluded that the data do not follow one trend (a
constant increase or a constant decrease in planted vineyard areas with local
grapevine varieties), but there is a noticeable fluctuation in the amount of
planted vineyard areas with local grapevine varieties, based on which it can
be concluded that it is a stationary time series. As in the previous case, in the
data modeling, based on the autocorrelation and partial correlation function of
the time series, the following model (5,0,3) was chosen from several models
to describe newly planted vineyards with local grapevine varieties.

Table 4. Estimated parameters of the ARIMA (5,0,3) model

Lag Estimate SE t Sig.
AR Lag 1 1.121 1.006 1.114 0.289
Lag 2 -0.590 1.977 -0.298 0.771
Lag3 -0.368 2.095 -0.176 0.864
Lag 4 0.541 1.260 0.429 0.676
Lag5 -0.588 0.602 -0.977 0.350
MA Lag 1 1.356 14.790 0.092 0.929
Lag?2 0.133 6.405 0.021 0.984
Lag3 -0.573 9.493 -0.060 0.953

Source: Author’s calculation in the SPSS program based on the data from Table 1
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Graph 5. Correlogram results for the residuals of the estimated model 2

Based on Graph 5, it can be concluded that the residuals do not contain
significant correlations on any of the lags, i.e. the residuals follow the pattern
of white noise.

Table 5. Estimation of newly planted vineyards with local grape vine varieties in the
Republic of Serbia based on the ARIMA model (5,0,3)

. Confidence interval of 90% of the estimated
Estimated newly planted

Years vineyard areas newly planted vineyard areas
Lower bound Higher bound
2023 60.76 24.29 97.24
2024 10.30 -26.56 47.15
2025 24.59 -25.27 74.45
2026 36.54 -21.05 94.14
2027 33.63 -24.68 91.93

Source: Author’s calculation in the SPSS program based on the data from Table 1
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Graph 6. Newly planted vineyards with local grapevine varieties in the period 2003—
2022 and the amounts estimated according to the ARIMA model for the next five years

Based on the defined ARIM A modeling for the local grapevine varieties,
Graph 6 shows the trend of newly planted vineyard areas with local grapevine
varieties in the period 20032022, as well as the trend of newly planted vineyard
areas according to the ARIMA model. Based on the graphical representation,
it can be deduced that the defined ARIMA model aligns very well with the
actual figures of newly planted vineyard areas with local grapevine varieties,
indicating that the defined model is reliable. Moreover, the defined ARIMA
model forecasts the amount of newly planted vineyard areas with local grape-
vine varieties for the next five years (2023—2027). The obtained forecasted data
suggest that there will be no significant changes in terms of newly planted vine-
yard areas with local grapevine varieties, with the trend of planting remaining
within the range of 10—60 hectares annually.

CONCLUSION

After a gradual decrease, vineyard areas in the world have been stabilized
on around 7.3 million hectares. The European Union to a certain extent limits
planting of new vineyards, to avoid oversupply of wine and to ensure the com-
petitiveness of EU wine. In Serbia, a country that imports wine, the situation
is quite different, where despite considerable government incentives, there have
not been enough newly planted vineyards. It is particularly case when it comes
to 31 old local varieties that could be important for rural development and for
promoting wine-growing areas, and geographical indications of the Republic
of Serbia.
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The ARIMA models forecasted the dynamics of planting new vineyards
for the next five years (period 2023-2027). These models determined that the
trend of planting new vineyards with all grapevine varieties would range 230—
300 hectares annually. Although the models showed there would be a mild
decrease in planting of new vineyards, the forecasted hectares were somewhat
higher than the overall average for the last twenty-year period (2003-2022).

Based on the trend of planting vineyards in the previous period, the fore-
cast was also made for the dynamics of planting new vineyards with local
grapevine varieties for the next five years (period 2023-2027). The ARIMA
models forecasted that newly planted vineyards with local varieties would
increase the area for only 10—60 hectares annually. Such values are within the
overall average for vineyards with local varieties in the previous twenty-year
period (2003-2022).

Presuming that the circumstances affecting the trend in planting vineyards
in the last twenty years (2003—-2022) would remain the same or similar, the
forecasts of the dynamics of planting vineyards with all grapevine varieties
and with local varieties by using ARIMA modeling indicates\ that hectares of
future newly planted vineyards in Serbia will not be enough to obtain a prop-
er self-sufficiency in terms of grapes, wine (wine products) and spirit drinks
originating from grapes. It is particularly true when it comes to vineyards with
local grapevine varieties, and it is therefore necessary to pay special attention
to this matter and launch numerous measures and activities to increase hectares
under vineyards with local grapevine varieties.
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PE3UME: ¥ onHOCY Ha MpeTX0IHHU NEPHO, TIOBPIIKMHE BUHOrpaaa y Penyonunu
CpOuju cy 3HauajHO cMambeHe. Mako ce cajilba HOBUX BUHOTPaJia CyOBEHIIMOHUIIIE Y KU
BPEMEHCKH NEepuoJl, UIaK ce He caJu JOBOJBHO BUHOTPaaa Kako Ou ce ode3denue
JIOBOJbHE KonnunHe qoMaher rpoxla, BHa (TPOM3BOAA Of BUHA) M aJTKOXOIHUX Trha
TIOPEKJIOM 02 Tpoxkha. OBO IOCEOHO BaXKH 38 BHHOIPA/IE Ca JIOKAIHUM COPTaMa BHHO-
BE JI03€, KOje MOT'Y OMTH O BEJIMKOT 3HA4aja 3a PypallHK Pa3Boj U IPOMOLIH]Y. Y OBOM
pany je kopumrheHa aHaJIu3a BPEMEHCKHX CEpHja, KOHKPETHO MOJIEIIOBAE ay TOperpe-
CHBHOI' HHTEI'PUCAHOT IIOKpeTHOr npoceka (ARIMA) 3a npensuhame TMHAMUKE HOBO-
3acaljeHUX MOBPIIMHA BUHOTPAJIa ca CBUM COpTamMa BHHOBE JIO3€ U JIOKAJTHHM cOpTama
BMHOBE JIO3€ Ha OCHOBY Iojjataka u3 nperxoanux 20 roguna (nmepuof ox 2003. go 2022.
roaune). Lnsb je na ce mporHo3upajy TpeHI0BH HoBo3acal)eHHX MOBPLIMHA BUHOTPAa,
KaKo 3a CBE COPTE BUHOBE JIO3€, TAKO U 3a MMOBPILIMHE BUHOTPAJia ca JIOKATHUM copTama
BHHOBE J103¢, 3a niepuoa ox 2023. no 2027. rogune. BpemeHcka cepuja ce 0JlHOCH Ha
CTPYKTYPUPAHH HU3 [IOCMATpaba. YecTo ce CTPyKTypUpatbe BPIIK y CMHUCIY BPEMEH-
ckux nHTepBaia. [Ipensuharbe noxaraka BpeMEHCKUX cepyja, Win oxpehusarme Oyny-
hux TpeH/10Ba, jefaH je o/ HaJBAXXHU]UX LMJbEBA aHAIN3E BPEMEHCKHX cepuja. Ha ocHo-
By TaKBe aHaju3e Moryhe je npeaBuaeTH 0OMM MOBPIIMHA BUHOI'PAJLA 3a HAPEAHU
nepuon. ARIMA monenu mory omohu fia ce yTBp/IM METOrOJUIIBLH TPSH]T 38 MOIaTKe
0 HOBO3acal)eHUM NOBpLIMHAaMa BUHorpaja. [Iporuosa y oBoM pany nokasasna je 1a he
Ce HOBE TIOBPIIIMHE BUHOTPAJIa ca CBUM COPTaMa BUHOBE JI03¢ KPETaTH Y HHTEPBAIY OJf
oko 230 o 300 xexTapa ToAUIIBE y HApeAHUX NeT roauHa. [Ipornosa Oynyhe romau-
ke caame 3a uctu nepuon (2023-2027) BuHOrpasa ca JOKaJIHUM cOpTama BUHOBE
nose kpehe ce y pacniony oz cera 10 o 60 xexrapa. JloOrjeHr MporHO3UpaHu pe3yiTa-
T Ha ocHOBY ARIMA MojienoBamba, moceOHO 3a MPOrHO3€ 3acajia BUHOTPaia ca JIOKaTHIM
copTaMa BHHOBE JI03€, TIOKa3yjy Jia je OBOM MpodIeMy HOTPEOHO MOCBETUTH MTOCEOHY
MaXKby U MOKPEHYTH OpOjHE Mepe M aKTUBHOCTHU Kako Ou ce nmoBehase noBpinHe
BHUHOI'paJia ca JIOKAJIHUM copTaMa BHHOBe Jo3e y Penyomuiu Cpouju.

KJbYUHE PEUU: npensuhame, BUHOTpa Iy, IOKaIHe copTe BHHOBE 03¢, ARIMA
MOJIEJIOBAHE
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