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Abstract

This paper examines a GIS-based methodology for assessing wine tourism potential as a tool for rural devel-
opment, focusing on the wine-growing regions of Sumadija (Serbia) and Slavonia (Croatia). The proposed ap-
proach combines Geographic Information Systems (GIS) with a multi-criteria decision-making method based on
open-source data. By applying spatial overlay, hotspot analysis, and index-based evaluation, the study identifies
zones with high potential for wine tourism and developmental gaps. The WTDI (Wine Tourism Development
Index) provides a transferable and replicable model for identifying wine tourism development zones in regions
with limited data availability. The results revealed apparent spatial differences between the regions (urban and
peri-urban areas such as Kragujevac, Arandelovac, and Topola in Sumadija show higher tourism potential, while
Slavonia displays a more balanced distribution of tourism potential, with notable hotspots around PoZega,
Kutjevo, and Daruvar). At the same time, both regions demonstrate a strong foundation for future wine tourism
development, underpinned by improved wine quality and rich cultural heritage. However, neither region has yet
reached the maturity associated with established wine tourism destinations. The WTDI model offers a scalable
and replicable tool for identifying tourism development zones in data-scarce contexts. This study underscores
the importance of evidence-based, spatially informed planning in unlocking the untapped wine tourism poten-
tial of rural regions. The proposed methodology offers a low-cost, replicable framework for local governments
and development agencies to make data-informed decisions in promoting sustainable rural tourism.
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Introduction

Wine tourism is predominantly developed in
rural areas and is often regarded as a spe-
cialised branch of rural tourism, combining
elements of gastronomy and culture (Hall &
Mitchell, 2008). This form of tourism typically
involves visits to vineyards, wineries, and wine
festivals, offering opportunities to taste wine,
learn about wine production, experience the
local culture and heritage associated with viti-
culture (Hall et al.,, 2000; Getz, 2000; Char-
ters & Ali-Knight, 2002; Hall et al., 2003; Getz
& Brown, 2006; Bruwer & Alant, 2009) or
integrate some completely new activities such
as wellness (Alonsoet al., 2007). Apart from
these factors, which influence wine tourism
development, there are several external fac-
tors: proximity to major tourism markets, pro-
duction capacity, wine market, and the entre-
preneurial potential of winemakers. There is
also an influence of state-level regional devel-
opment policies, which can often be decisive
for the success of winemaking businesses
and, indirectly, for wine tourism (Cengié,
2013; Bakan et al., 2021a, 2021b).

The growing demand for authentic, expe-
rience-based travel has positioned wine
regions as increasingly important destinations
for both domestic and international visitors
(Carlsen, 2004), making this tourism product
as important as any other in rural areas. At the
same time, wine tourism also plays a signifi-
cant role in rural development (Meler, 2015).
As such, wine tourism serves as a tool for rural
economic diversification, supporting agricul-
ture, promoting local products, and enhanc-
ing overall regional development (Hall et al,,
2000; Bruwer, 2003; Hall et al., 2009; Holmes,
2017; Sigala, 2020; Oltean & Gabor, 2022;
Kastenholz et al., 2023; Tomay &Tuboly, 2023).

This study focuses on two countries from
the former Yugoslavia—Croatia and Serbia—
and specifically on two wine-growing regions
within them: Slavonia (Croatia) and Sumadija
(Serbia). The former Yugoslavia was historical-
ly a notable wine-producing region (Stancl &
Milat, 1984) due to a combination of favour-
able climatic conditions and a long tradition
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of winemaking (from Roman times and the
medieval period up to the present). Such
a legacy, combined with a specific economic
background, established a solid foundation
for agricultural and wine production patterns
throughout the region. This has attracted
scholarly interest in both its viticulture and
emerging wine tourism sectors (Bojnec &
Jurinéi¢, 2006; Mrsikj & Vadnjal, 2016;
Nurkovié, 2017; Savié & Vukotié, 2018; Cop
et al., 2019; Jovanovic et al., 2025). Although
both countries are established wine produc-
ers, Croatia has a more diverse production
profile. Its vineyards extend from the Adri-
atic coast, with a Mediterranean climate, to
expansive continental zones, enabling the cul-
tivation of numerous grape varieties and sup-
porting a thriving wine industry (Jeli¢ Milkovic
et al,, 2020). In contrast, Serbia, a landlocked
country with a mild continental climate, is
characterised by hilly vineyards that yield
wines shaped by these specific environmental
conditions (Savi¢ & Vukoti¢, 2018).

Slavonia and Sumadija are both continen-
tal regions that share a similar agricultural
legacy and tradition of wine production.
Wine tourism is still in its nascent stages in
both areas, and neither is yet widely recog-
nised as a wine tourism destination. Nev-
ertheless, both regions are experiencing
comparable rural development challenges,
including depopulation and economic stag-
nation (Grgi¢ et al,, 2010; Cikié & Petrovié,
2015; Drobnjakovi¢ et al., 2022). In response
to these challenges, diversification of the
rural economy has emerged as a key strate-
gic priority (Luki¢, 2013; Petrovi¢ et al., 2018;
Dimitrijevi¢ et al., 2022; Popovi¢ & Reljq,
2024). However, the transformation of the
regional economy over the last 40 years sug-
gests a need for change in the rural econo-
my. Rural and wine tourism are increasingly
viewed as viable tools for revitalising rural
areas and promoting sustainable regional
development.

Recognising the current lack of methodolo-
gy for assessing tourism potential using avail-
able open data, this study aims to develop an
innovative approach that applies Geographic
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Information Systems (GIS) and multi-criteria
decision-making methods in low-data con-
texts. Secondly, the calculated index should
help local decision-makers initiate rural eco-
nomic diversification towards wine tourism
development. Accordingly, this study address-
es the following research questions: What are
the spatial patterns of wine tourism potential
in the Sumadija and Slavonia regions? Second,
to what extent can Geographic Information
Systems (GIS) and open data compensate for
the lack of official tourism statistics in assess-
ing wine tourism potential?

Methodology and study area
Study area and research context

The two wine-growing regions, Sumadija (Ser-
bia) and Slavonia (Croatia), are located within

similarly named units in their respective
countries: Slavonia is a historical region in
Croatia, while Sumadija is an administrative
region in Serbia (Fig. 1A and 1B). Both regions
encompass a certain number of municipali-
ties. The Slavonia wine-growing region is
much larger than Sumadija (Slavonia covers
7597 km? and has more than 80 municipali-
ties, while §umodijo covers 2484 km? and
has only 9 municipalities). Slavonia includes
ten vineyards: Djakovo, Slavonski Brod, Nova
Gradiska, Pozega-Pleternica, Kutjevo, Daru-
var, Pakrac, Feriéanci, Orahovica-Slatina,
and Virovitica (Fig.1C), while in the Sumadija
region, there are only four vineyards: Krnjevo,
Oplenac, Raca, and Kragujevac (Fig. 1D).
Sumadija is a wine-growing region in cen-
tral Serbia, located in rolling hills crossed by
many small rivers, between several small

—1 Administrative/
historical region

Wine-growin:
regiol’\g Y

Y
‘< SLAVONIA
WINE-GROVING REGION

SUMADIJA
WINE-GROVING REGION

Figure 1. Study area of (B) Sumadija administrative re%ion (Serbia) and Slavonia historical region

(Croatia), with wine-growing region of (C) Slavonia and (D)

umadija
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mountains (Kosmaj, Rudnik, and Bukulja, the
Gledicke Mountains, and Kotlenik) and
the Great Morava Valley. It is a well-known
agricultural region in Serbia that became an
agro-industrial region in the second half of
the 20th century (Markovié, 1966). The region
is renowned for its fruit and wine production,
as well as its thriving food industry (Rodi¢,
1981; Drobnjakovicet al., 2021). The econom-
ic transformation of the region was intensive
during the last three decades (the employ-
ment within the tertiary sector grew from
40.4% in 1974 to 63.3% in 2023, while the
secondary sector was diminished in the same
period, from 56.1% in 1974 to 35.7% in 2023
(RZS, 1975; RZS, 2024). Sumadija is not the
largest wine region in Serbia, nor the region
with the longest wine tradition. However,
there are ideal conditions for viticulture (many
microsites in its central parts, a mild climate,
and good hillside exposure). However, it is
the region gaining recognition in the world
of wine production (Simonovi¢ et al., 2019).
At the same time, Sumadija is renowned for
its rich cultural heritage (Kubdt, 2019), and
Kragujevac is the largest economic centre in
the region. Although Kragujevac is the larg-
est vineyard in the Sumadija region, Oplenac
is the best known (the famous Serbian king
Petar | Karadordevi¢ planted the first vine-
yard in Oplenac at the beginning of the 20th
century, while his son founded the king’s wine
cellar there in 1931).

The Croatian wine-growing area is divid-
ed into two central regions: continental and
coastal, with seven sub-regions, including Sla-
vonia (Sokoli¢, 2012). It has favourable viticul-
tural conditions (terroirs), as the vineyards are
located on the slopes of the Slavonian hills,
with excellent hillside exposure (Lisina, Papuk,
Krndija, Psunj, and PoZeskagora) (Blazevi¢ &
KneZevi¢, 2006). There are two central plains
within the region: the PoZega Plain and the
Lipik-Pakrac Plain (Cengi¢, 2013). Slavonia
was famous for its agricultural sector after
the Second World War (it was one of the lead-
ing agricultural areas in Croatia based on
grain farming, livestock farming, and forest-
ry) (Rodi¢, 1981). The Slavonian economy was

Geographia Polonica 2026, 99, 2, pp. 217-235

Radmila Jovanovic ¢ Emilija Mani¢ * Jelena Loncar

primarily based on agriculture, food produc-
tion, the wood industry, and the construction
materials industry. This region also passed
through economic transformation (during the
1960s, the region encompassed more than
60% of active people in the primary sector,
and around 20% in secondary and 20% in
tertiary sector (Markovié, 1966), while today
the tertiary sector and construction industry
are dominant (Statisticko priopcenje, 2024).
Although occupying less than 4% of the
region’s arable land (Samarzija, 2016), Slo-
vonia accounts for around 17% of Croatia’s
vineyards (Group of authors, 2023). The cen-
tre of Slavonian viticulture is Kutjevo, a place
and area within the inner ring of the Slavonian
Mountains, characterised by a mild climate
and a long winemaking tradition (the first
wine cellar in Kutjevo was built in 1232, with
parts still preserved). Slavonia is well known
and one of the most significant wine-making
regions in Croatia. Famous vineyards include
Daruvar (western slopes of Lisina), which
became famous for the Badel wine in 1862
(the Grasevina variety is called Daruvar’s
Riesling), then the Orahovica-Slatina vineyard
(wines from the green Silvanac variety), and
the Ferianci vineyard (the black Frankovka
variety dominates).

Historical and Economic Background

After the Second World War, both gumodijo
and Slavonia adopted a model of social-
ist agriculture within the planned economy
of the former Yugoslavia. This agricultural
system was unique in Central and Eastern
Europe, with only Poland sharing similar char-
acteristics (Zaki¢ & Stojanovi¢, 2008). The
core of this model was small-scale agricul-
tural production, organised through produc-
tive cooperation between individual peasant
households and large state-supported enter-
prises such as agro-industrial complexes and
agricultural cooperatives. It is considered
that this structure was a key factor in the suc-
cessful economic transition of the agricultural
sector in both Croatia and Serbia at the end
of the 20th century. Such institutional foun-
dations in agricultural history have played
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an important role in fostering agricultural
entrepreneurship in both countries, ultimately
supporting the revival of wine production.

A typical large wine-making cooperative
and combine existed in both regions during the
second half of the 20th century. In Slavoniq,
several large enterprises existed (Cindri¢, 2017
Cop etal,, 2019), whereas Sumadija comprised
only two large wine producers (Fig. 2).

Only in the last ten to fifteen years have
a growing number of small family enterprises
or farms begun to develop their own wine-
making businesses (wine cellars with tastings
and sales). In Serbia, after the privatisation,
winemaking almost disappeared during the
1990s. After 2000, it began to recover, with
small winemakers and increasing wine qual-
ity (Simonovi¢ et al., 2019). In both regions,
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Figure 2. Wine production capacities in the Sumadija and Slavonia regions in 1980

Source: Stancl & Milat (1984); based on authors’ calculations.

By the end of the 20th century, both
Croatia and Serbia underwent significant
changes that had a profound impact on their
wine-producing sectors (Fig. 3). According to
2023 data, the vineyard area in Sumadija
occupied around 1184 ha (RZS, 2024), while
Slavonia had far bigger vineyard areas, which
occupied around 6022 ha together with the
neighbouring Podunavlje region (Prsa et al.,
2024). Privatisation has led to a significant
transformation of viticulture and winemak-
ing in Slavonia and Sumadija. In Slavonia,
the privatisation process brought several
prominent private winemakers, encompass-
ing most of the winemaking business there.

wine quality improved (Stevenson, 2014;
Cindri¢, 2017). According to grape varieties
with a protected designation of origin, the
most significant area in Slavonia is under the
grasevina variety, which is likely to become
a recognisable brand within this region.
In contrast, the Sumadija region has no tra-
ditional varieties.

Despite positive efforts and improvements
in wine production in both regions (state sub-
sidies for grape and fruit production, replan-
tation of vineyards, reviving old family pro-
ductions, and building new modern wineries
(Cengié, 2013; Maksimovi¢ et al., 2021), the
trend of decreasing vineyard areas continued

Geographia Polonica 2026, 99, 2, pp. 217-235
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Figure 3. Wine production capacities in the Sumadija and Slavonia regions 2024

Source: based on: Website of the Association for the Promotion of Wineries and Related Activities - htt-
ps://www.vinarnice.hr/hr/vinarije-u-hrvatskoj/ (accessed 25th March 2025); Viticulture Register of Croo-
tia 2025; Agency for Payments in Agriculture, Fisheries and Rural Development - https://www.apprrr.
hr/registri/ (accessed 18th March 2025); Wine Register of Serbia, Ministry of Agriculture, Forestry and
Water Management - http://www.minpolj.gov.rs/vinarski-registar/ (acessed 25th March 2025).

in both countries during the last decade
(Fig. 3). After Croatia joined the European
Union (EU) in 2013, there were many chang-
es in the way of monitoring and presenting
agriculture production, so it appears that
Croatia lost a great deal of vineyard areas
(Kranjcevi¢ & Gartner, 2019). In Serbia, vine-
yard area declined sharply over the last dec-
ade (from 57,540 ha to 20,466 ha). However,
wine production increased (from 240,000

INPUT DATA
OSM POls
(attractions, accomodations,
food & beverage facilities)

>

Figure 4. Wine tourism potential methodology
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to 262,000 hl), indicating improved produc-
tivity (RZS, 2010; 2020).

Methodological framework

To examine the wine tourism potential of
two selected regions, Sumadija and Slavo-
nia, using open databases and geospatial
technology, a phase methodology has been
developed (Fig. 4).

Tourism Potential

Index

INPUT DATA
VIIRS nigh-time
lights,
wineries network

-—
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The first step involved calculating the tour-
ism potential index of viticulture areas within
Sumadija and Slavonia. For this purpose, tour-
ist resources have been analysed using three
variables: tourist attractions, accommodation
capacities, and hospitality facilities (including
food and beverage services). These variables
have been selected based on numerous stud-
ies on tourism resource classification (Banozic
et al., 2015; Gergeova et al.,, 2017; Vulevi¢ et
al., 2024), while taking into account regional
specifics, resulting in our own grouping. With-
out delving into the details of these variables,
each has been weighted according to prede-
fined coefficients (Tab. 1).

The weighting coefficients (WTA, WA,
WEFB) were determined through a combina-
tion of a literature review and expert judg-
ment. The initial values were proposed fol-
lowing the methodological approaches of
Fan & Cheng (2023) and Zhang et al. (2024),
while several widely used methods for calcu-
lating the weighting coefficients are rooted
in multi-criteria methods. In mind that most
tourist potential analyses include weight
determination for variable factors (expert
panel (Jovanovic et al, 2025), Delphi method
(Huang & Chi, 2015), or multicriteria in con-
junction with the AHP (Rezvani et al., 2022)),
we have decided to follow such methodol-
ogy for our research, too. The variables were
weighted by a panel of 6 experts from differ-
ent fields, primarily geography, GIS, and tour-
ism. Several interviews have been conducted
(online and face-to-face), and the final deci-
sions have been made by mutual agreement

among the participating experts. Since the
weighting process involves a degree of sub-
jectivity, this represents a potential methodo-
logical limitation.

The Tourism Potential Index was calculated
as a weighted sum of the densities of three
categories: tourist attractions, accommoda-
tions, and food and beverage facilities, based
on the following formula:

SFmo\ = WTA ’ STA+ W/-\ ’ SA+ WFB ’ SFB,
where:

S,. - s tourist attractions,

S, - isaccommodation facilities,
Sz~ isfood and beverage facilities, and
WTA

W, i~ are the weighted coefficients.

W,

FB

The Raster Calculator tool in ArcGIS 10.8
was used to perform a weighted analysis of
individual layers (tourist attractions, accommo-
dation facilities, and food and beverage facili-
ties) (Fan & Cheng, 2023; Zhang et al., 2024).
The tourist potential index was calculated for
each wine-growing region, and the regions
were categorised into four levels of tourism
potential based on the distribution of values
and expert judgment: no potential, low poten-
tial, medium potential, and high potential.

Using GIS and the fishnet method, we
have visualised the density of tourist resourc-
es (Lampropoulos et al., 2021). A fishnet den-
sity analysis using a GIS tool (Brauckmann,
2017; Mashkov & Shoval, 2023) was chosen,

Table 1. Tourism variables classification and factor weights

Category Included Subcategories

Group Weight (w) Final Sum

Tourist attractions
Museums, Archaeo-

logical Sites, Memorials,
Viewpoints, Picnic Areas,
Castles, Protected Areas

Accommodation facilities Hotels, Hostels, Guest

Houses, Motels, Apart-

Food and beverage facilities | Bars, Cafés, Restaurants,
Pubs, Nightclubs

Sacred Sites, Monuments,

ments, B&Bs, Farm Houses

W, =04 s

TA

Geographia Polonica 2026, 99, 2, pp. 217-235
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although there are other methods, such as
Density-Based Spatial Clustering of Applica-
tions with Noise (DBSCAN), more commonly
used for cluster analysis of tourist resources
(Starczewski et al., 2020; Batista et al., 2027,
Vagena & Manoussakis, 2021). This method
was used for its simplicity and applicability to
density analysis. The fishnet density analysis
was conducted on a 25 x 25-meter grid to
achieve fine-scale spatial discrimination (of
the spatial character of wine-growing areas
in Sumadija and Slavonia). The fishnet grid
was used to standardise the space and to
transform point data on tourist resources into
density surfaces. In this way, different data
categories become comparable and can be
used for further raster analysis and for calcu-
lating the tourism potential index.

Ultimately, the wine tourism development
index (WTDI) for both wine-growing regions
was calculated using the tourism potential
index and the winery network, and integrated
with VIIRS data. This was the final step in our
methodology.

The VIIRS data provide spatial records
of night light intensity, interpreted here as
a proxy for human activity and tourism-relat-
ed dynamics (Gao et al.,, 2024; Li et al., 2013;
Bennett & Smith, 2017; Zhou et al, 2022;

Radmila Jovanovic e Emilija Mani¢ ¢ Jelena Loncar

Islam et al.,, 2025). Each cell of the VIIRS ras-
ter was classified binarily—null indicating the
absence of light/activity and 1 indicating its
presence. VIIRS raster data were classified
into illuminated and non-illuminated areas,
with non-illuminated zones assigned a higher
potential for wine tourism development (rural
areas with vineyards). Given that wine tour-
ism is strongly reliant on vineyard areas and
rural spaces rather than urban areas, the
VIIRS map was zoned by buffering around
settlements (classified by settlement size). lllu-
minated zones were further divided into sev-
eral categories by settlement size, with small-
er, rural settlements assigned higher values
and larger, urban settlements assigned lower
values. In this way, spatial values were deter-
mined based on their position relative to set-
tlements and night-time light zones, and then
integrated into the final Wine Tourism Devel-
opment Index (WTDI), along with the tourism
potential index (Fig. 7).

Numerous studies have examined meth-
odological approaches to tourist potential
(Tab. 2).

Data Sources and Tools

Both historical data and current open geo-
databases were used for wine production

Table 2. Review of methodological approaches in the research of tourist potential in wine tourism

Reference Indicators

Methodology Comment (TA focus)

Mashkov & Shoval (2023).

Zhou et al. (2022).
Lin et al. (2023)

Brauckmann (2017)

Fan & Cheng (2023).
Lietal. (2013).
Zhang et al. (2024).

Lampropoulos et al. (2021).

GPS, Tourism Indices

NTL, POI density, MGWR
CES indicators (use values)

GIS, Property Market,
Airbnb

Tourist satisfaction, ser-
vices, resources
NTL (VIIRS), GRP

GPS flow, TA network

Cultural/natural assets,
sustainability

TIDI index via smartphone
GPS

Kernel density, coupling
index, MGWR

TCIA method (visits & cost),
includes transport, ecology

Fishnet grid & GIS for ac-
commodation mapping

GIS, AHP-Entropy, senti-
ment analysis

Regression of TNL vs GRP

MSPA method to map flow
nodes/corridors

Policy-cycle model with GIS

Precise spatial-temporal
tourist flows are useful for
TA planning.

Detects TA clusters via NTL
and POl overlap.

Links CES with TA experi-
ence and service value.
Maps TA impact via P2P
lodging, though with
limited precision.
Combines data types to as-
sess TA and service quality.
NTL intensity as a proxy for
economic (TA) activity.

TA as spatial flow nodes
linked to infrastructure.

TA assessed via cultural-
tourism policy integration.

Geographia Polonica 2026, 99, 2, pp. 217-235
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analysis, identifying tourism resources, map-
ping, data visualisation, and processing and
analysing tourist activities in the study areas.
Tourism-related spatial variables (wineries,
tourist attractions, accommodations, and
food and beverage facilities) were sourced
from multiple open geospatial platforms.
The analysis used the following datasets:

« Tourism POls: OpenStreetMap (2025),
Booking.com (2025), local tourist offices
(Slavonia and Sumadija) (Turistic¢ka zajedni-
ca Pozesko-slavonske Zupanije, Viroviticko
- podravske Zupanije, Osjecko-baranjske
Zupanije, Brodsko-posavske Zupanije and
Bjelogorsko-bilogradske  Zupanije 2025;
Turisticka  organizacija  Arandelovac,
Oplenac-Topola, Kni¢ and Raca 2025;
Gradska turisticka organizacija Kraguje-
vac2025)

« Wine production and wineries: Viticul-
ture Register of Croatia (2025), statistical
offices (Drzavni zavod za statistiku Repub-
like Hrvatske - DZS RH, 2000, 2010)
Republicki zavod za statistiku-RZS, 1980,
1990, 2000, 2010, 2020), Winery Regis-
ter of Serbia (2025), OIV (2025), historical
data (§tonc| & Milat, 1984), other sources
(Sajt Udruzenja promocije vinarija i srod-
nih delatnosti, 2025)

Satellite data: NASA VIIRS VNL V2 (2012-

2021), 500m resolution. Cartographic pro-
cessing and map generation using ArcGIS
10.8 and the Raster Calculator tool. Sat-
ellite-based VIIRS Nighttime Lights data
(VNLV2, 500 m resolution) were obtained
from NASA's Earth Observation Group.

Results and discussion

Both regions, §umodijo and Slavonia, have
undergone significant changes over the
last two decades, with tourism emerging as
a significant tertiary activity. Over the last
ten years, tourism arrivals increased in both
regions: in Sumadija by 15%, and in Slavonia
by 17% (DZS RH, 2012 & 2023; RZS, 2012 &
2022). Most tourists in Slavonia were domes-
tic (Kopjak, 2020). The majority of them were
younger and middle-aged tourists (20% were

between 25 and 34 years of age, and 19%
were between 35 and 44 years of age), who
predominantly stayed in hotels (37%) and
apartments (25%) (Boranic et al., 2019). In the
Sumadija region, domestic tourists also pre-
dominate, primarily enjoying the potential
of rural and spa tourism (Kubdt, 2019). Such
travelling patterns are primarily rooted in the
diverse tourism offer in these regions.

A comparative analysis of the wine-grow-
ing regions of Sumadija and Slavonia, based
on the density of tourist resources, reveals
certain similarities and differences (Fig. 5).

Slavonia has a higher density of tourist
sites than Sumadija (Fig. 5C). The highest con-
centration of tourist attractions in Sumadija is
around the central city of Kragujevac. In com-
parison to other locations, the density of tour-
ist attractions is significantly lower (Topola
and the area around Batocina stand out)
(Fig. 5C). In Slavonia, the distribution of tour-
ist attractions is somewhat more balanced
(Pozega and the Lipik area have the highest
densities of tourist attractions, but there are
also several locations with slightly lower but
noticeable concentrations: Virovitica, Daru-
var, Feri¢anci, Orahovica, Kutjevo, Slavon-
ski Brod, Bakovo). This distribution of tourist
attractions is a consequence of their locations,
as well as the gravitational pull of large towns
within the region. By analysing the structure
of existing attractions, both regions possess
significant potential for tourism development.
Slavonia has a rich nature and cultural her-
itage, including: Papuk Geopark - under the
protection of UNESCO, the Bakovo Cathedral
of St. Peter, the town of PoZega with the old-
est grammar school in Croatia, Ergela Lipik,
and spa facilities in Daruvar and Lipik, which
stretch along the fault zone of the Slavonian
mountains. On the other hand, §umodijo
holds a special place in Serbian national his-
tory with the unique Oplenac King's Mau-
soleum and the town of Orasac, where the
First Serbian Uprising was launched at the
beginning of the 19th century. Kragujevac,
the largest city in the region, was one of the
capitals of the Serbian state in the 19th cen-
tury. Today, it encompasses a diverse range
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Figure 5. Tourist resource density in Sumadija and Slavonia wine-growing regions in 2024:
A - Accommodation facility density, B - Food and beverage units” density, and C - Tourist attraction density

Source: Authors’ calculations based on: Open Street Map, 2025; Booking.com, 2025; Tourist Board of
Pozega-Slavonia County, Virovitica-Podravina County, Osijek-Baranja County, Brod-Posavina County and
Bjelovar-Bilogora County 2025; Tourist Organization Arandelovac, Oplenac-Topola, Kni¢ and Raca 2025,

City Tourist Organization Kragujevac 2025.

of historical sites, museums, and monuments,
as well as a rich industrial heritage. There is
also a dark tourism site, Sumarice, one of the
largest memorial parks for World War 11 vic-
tims. Both regions host various wine-related
events, primarily of regional significance, that
can enhance the overall visitor experience
and foster a stronger bond between tourists
and wine producers (Charters & Ali-Knight,
2002; Tezanovik et al., 2020).

A number of tourist sites located outside the
study area but near it were excluded from the
analysis. However, these attractions are impor-
tant for creating an integrated tourist offering
within a broader destination framework.
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Tourist infrastructure, as one of the essen-
tial elements in tourist destination devel-
opment, is well developed in both regions
(including traffic, parking facilities, communal
infrastructure, accommodation, and food
and beverage facilities). Both regions are
well-connected to their capitals and neigh-
bouring regions via the highway and motor-
way network. Urban centres dominate when
accommodation facilities are in question
(Fig. 5A). The analysis was based on relevant
accommodation units available in open data-
bases (hotels, motels, guesthouses, apart-
ments, hostels, and farmhouses). In §umodijo,
Kragujevac has the highest accommodation
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density, followed by Arandelovac and Topola,
while in Slavonija, accommodation facili-
ties are more evenly distributed (Slavonski
Brod, Pakovo, Daruvar, and Virovitica have
the highest scores in the region, followed
by Pozega and Kutjevo). Similar results were
obtained when analysing the distribution of
food and beverage facilities in both regions
(Fig. 5B). However, more important than the
numbers are the gastronomic offerings with-
in these facilities, which highlight indigenous
elements and contribute to the valorisation of
tourism potential, particularly in wine tourism
(Tezanovik et al.,, 2020).

Using appropriate weights, tourism poten-
tial indices were calculated for all three tour-
ism variables for both regions: Sumadija and
Slavonija. At first glance, the highest values of
the tourism potential index correspond to the
largest settlements in both regions (Fig. 6).

In Sumadija, Kragujevac stands out as
a central location, followed by Arandelovac
and Topola, both already established as
domestic tourist destinations (Smederevska
Palanka in the north shows some potential
thanks to the proximity of the Pan-European
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Corridor X). In contrast, Slavonia shows
a more balanced distribution of tourist
potential. Two areas, around Virovitica and
Pozega, indicate high potential for tourism
development, while the rest of Slavonia has
medium tourism potential (Daruvar, Lipik,
Nova Gradiska, Kutijevo, Slavonski Brod,
Orahovica, and Dakovo).

However, when we introduced vineyards
and wineries as key elements of wine tour-
ism, along with the viticulture tradition, we
gained a clearer understanding of its poten-
tial. These elements are crucial in creating
effective wine tourism products (Hall et al,
2000; Getz, 2000; Getz & Brown, 2006; Bru-
wer & Alant, 2009).

Both the Sumadija and Slavonia regions
have rich viticultural traditions. Winemaking
in Slavonia dates back to before the Romans
(Parat, 2017; Pisk, 2017; Sokoli¢, 2012).
The best-preserved traces of wine production
can be found in the Kutjevo-PoZega area (the
Kutjevo winery is the oldest wine cellar in this
part of Europe). Many years later, during the
reign of Archbishop Strossmayer (1849-1904),
viticulture in Djakovo and its surroundings was
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elevated, with more intensive wine production
and numerous wines that received worldwide
recognition (Cindri¢, 2017). The Sumadija
region lacks a long viticultural history com-
parable to that of Slavonia. Serbian Prince
Aleksandar Karadordevi¢ founded the first
wine cellar in Oplenac (first half of the 19th
century). Further, his heirs founded the royal
vineyards in Oplenac (1906) and the royal
wine cellar with a capacity of 400,000 litres
(1931) (Maksimovic et al., 2021).

With long-standing viticultural traditions
and active wine production, including vine-
yard areas, both regions have significant
opportunities for wine tourism development.
This can be tracked by following the Wine
Tourism Development Index (WTDI) (Fig. 7).

The results we obtained by calculating
existing tourism potentials and the wine pro-
duction infrastructure (wineries) showed spe-
cific patterns. The highest WTDI in Sumadija
is expected to be located in the Arandelovac-
Topola area, as confirmed by another study

Radmila Jovanovic ¢ Emilija Mani¢ * Jelena Loncar

(Jovanovic et al.,, 2022). Local tourist organi-
sations often include wineries within these
vineyards in their tourist offerings (although
there is a defined wine route, its functionality
is minimal). However, using the WTDI meth-
odology, two additional potential centres
have been identified in Sumadija: one around
Kragujevac and one around Smederevska
Palanka. In Slavonia, the WTDI's highest wine
tourism “hot spots” are located, as expected,
around Daruvar, Orahovica-Ferncaci, and
Kutijevo, with a medium level around PoZega.
In practice, these areas have already been
identified as interesting for wine lovers (sev-
eral wine routes have been developed around
Kutjevo, Pozega-Pleternica, and Pakrac, but
with questionable functionality, as some
analyses have shown that essential elements,
such as management, communication, or
other points of interest, are missing) (Kopjar,
2021). It is evident that in both regions, large
wineries are preferred over small ones to col-
laborate with tourist boards. The wine tourism

0 510km
-_—

=3

.\ﬁ rovitica

o
.Daruvar
o®

o
Orahd&vigafpcanci
‘@

oCe

o
Q 3 ega
o (;No@ Gradigka

(625

N

A

0 510km
-_——

o Low
o  Medium
e High

Wine tourism potential index (WTPI)

Figure 7. Wine tourism potentials in Sumadija and Slavonia wine-growing regions, 2024

Geographia Polonica 2026, 99, 2, pp. 217-235



Geospatial indexing for wine tourism planning in support of rural development: Case study... 229

offers in Sumadija and Slavonia are primarily
centred on winery visits. However, creating
wine routes could increase tourist potential
and provide a platform for small and medi-
um-sized wineries to develop (Bruwer, 2003).
This could increase the potential for rural are-
as in both regions, which currently have small
winery networks and are not yet recognised
by local authorities as having wine tourism
potential (medium WTDI values).

Having vineyards and wineries is only
a starting point for creating a wine tourism
offer. A compilation of winemaking networks,
viticultural traditions, and tourism potential
yields a more comprehensive product. How-
ever, the best way to develop a wine tourism
product and destination is to adopt a policy
perspective that is incorporated into region-
al tourism strategies (Bolfek et al, 2012).
According to Brajan (2020) well created wine
tourism destination needs: wine routes that
pass through a wine-growing area, extension
over the territory of at least one vineyard,
the production and supply of wine, the pro-
duction and supply of other grape and wine
products, at least two peasant farms or two
catering facilities that offer food services pri-
marily of local specialties characteristic of
the wine-growing area in question, and the
existence of a legal entity that represents
the wine road (association, cooperative or
company). In Sumadija, this implies improv-
ing destination management and branding
around existing peri-urban clusters, while in
Slavonia, coordinated promotion of dispersed
rural wine areas could enhance visibility and
economic resilience.

Conclusions

Wine tourism holds significant potential to
drive development in local communities,
such as those in the Sumadija and Slavonia
regions. It could become a stable source of
local economic revenue while also contribut-
ing to the conservation of valuable cultural
and natural heritage. This comes at a time
when many rural regions continue to face
challenges, including demographic decline,

youth outmigration, and underdeveloped
infrastructure. Within this context, wine tour-
ism is recognised as a promising strategy
for rural revitalisation and territorial cohe-
sion. Integrating wine tourism into regional
development plans could stimulate rural
revitalisation, diversify the local economy,
and preserve cultural landscapes. Neverthe-
less, as the analysis of examples from two
regions shows, limitations in wine tourism
development persist, especially in destination
management, stakeholder collaboration, and
the integration of creative, experience-driven
tourism elements. To assist local decision-
makers in addressing these challenges, the
study aimed to develop a user-friendly meth-
odology utilising open-source databases.

The wine tourism potential has been
assessed within two traditional viticultural
regions, Sumadija (Serbia) and Slavonia (Cro-
atia), using Geographic Information Systems
(GIS) and a multi-criteria decision-making
approach. By developing and applying the
Wine Tourism Development Index (WTDI),
the research revealed important spatial pat-
terns: wine tourism potential is closely tied to
the vineyard and winery network, whose wine
tourism values have been calibrated in relo-
tion to the distribution of tourism resources.
The proposed methodology proved effective
in identifying key zones of tourism poten-
tial and offers a replicable model for other
regions with limited availability of official
tourism data. The study also contributes to
a deeper understanding of how spatial analy-
sis and open data can support strategic plan-
ning for sustainable wine tourism develop-
ment in emerging destinations and for overall
regional development.

From a theoretical standpoint, the WTDI
model represents a methodological inno-
vation applicable across diverse regional
contexts and suitable for longitudinal moni-
toring of wine tourism development, particu-
larly where tourism statistics are sparse or
unreliable. Unlike previous studies that use
VIIRS as an indicator of economic activity, in
which higher light intensity indicates greater
economic potential, this paper adopts the
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opposite logic: darker zones have greater
potential for wine tourism, allowing rural
areas to be treated as a resource rather
than a disadvantage. From a practical per-
spective, the study emphasises the need for
integrated strategic planning that prioritises
wine tourism, with analysis of the existing sit-
uation playing an important role. This could
be especially important for the developing
countries, where it is evident that the high-
est wine tourism potential is neither in urban
centres (where there is a developed infra-
structure) nor in remote rural areas (where
there are vineyards and a tradition of win-
emaking, but the infrastructure is weaker),
but in the transition zones where these two
worlds intersect.

Finally, while the study demonstrates the
value of open data and spatial techniques, it
also acknowledges limitations in data avail-
ability and accuracy (the VIIRS map could not
determine the origin of the identified activ-
ity, and OSM is unreliable for small wineries).
For example, the absence of full-season visitor
figures and infrastructure capacity data might
have led to an overestimation of the tourism
potential of urban destinations, particularly
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those with well-developed overall infrastruc-
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