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Abstract: The Sokobanja basin is an area in Eastern
Serbia with diverse geological and geomorphological
features. Also, it is an area with developed spa tourism.
The Sokobanja basin has numerous geoheritage features,
which tourist potential has not been discovered yet. In
this article, several geosites were analyzed, which pre-
sent significant geoheritage formations. Geosites were
selected by authors of this article based on the degree
of their attractiveness for the geotourism development.
The main goal of this article is to emphasize the geo-
tourism potential of the Sokobanja basin and to deter-
mine the current state and geotourism potential of
evaluated geosites by applying the modified geosite
assessment model (M-GAM). A total of seven geosites
were evaluated throughout the basin. The values of the
investigated parameters were entered into the matrix of
the M-GAM based on the number of points. Based on the
research and the results obtained, it can be concluded that
the Sokobanja basin has the potential for the development
of geotourism, but it is necessary to improve additional
values to become a true geotourism destination.

Keywords: geotourism, geosite, modified geosite assess-
ment model, Sokobanja, Serbia

1 Introduction

Serbia is a country rich in geodiversity that exists in nu-
merous forms [1]. Sokobanja is one of the most attractive
tourist destinations in Serbia. It has established itself as
one of the main spa centers in Serbia. It is located in the
southern part of the eastern Serbia region. This part of
Serbia possesses a large number of karst geosites on a
relatively small territory, making it one of the areas with
the highest concentration of karst in Serbia [2]. The area
of Sokobanja basin is rich in natural heritage and geo-
logical and geomorphological features, which are under-
utilized and are not included in tourism. Interpretation
and promotion of geoheritage in this region can provide
an authentic and unforgettable experience to tourists.
Geotourism is one of the alternative forms of recent
tourism that can enrich Sokobanja’s tourism offer and
extend the tourist season.

Geotourism has become an increasingly popular form
of tourism worldwide [3]. It depends mostly on geological
heritage, and identification and assessment of geological
heritage are very important in the process of geotourism
development [4]. Geotourism is emerging as a new global
phenomenon [5]. There are a large number of definitions
for geotourism [6–11], and among the first, Hose [12] offi-
cially defined this term as a process of interpreting con-
tent to tourists to gain knowledge and understanding of
geological and geomorphological sites. Since the first de-
finition of the term geotourism by Hose [12], as a result of
numerous studies [13–16], this author expanded and sup-
plemented it and presented a widely accepted definition
of modern geotourism [17]: “Provision of interpretative
content and services on geosites, geomorphosites, and
surrounding topography, together with related in situ
and ex situ artifacts, to enhance appreciation, education
and scientific work for the present and future generations
to preserve them.” According to this definition, the main
focus of geotourism is on interpretation, promotion, and
conservation, which are vital parts for the development of
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geotourism. Another widely accepted definition of geo-
tourism was provided by Dowling and Newsome [6], and
according to them, geotourism presents a form of tourism
related specifically to geology, geomorphology, and nat-
ural resources, such as landforms, landscapes, fossil
layers, rocks, and minerals, with an emphasis on respect
for the processes that create or have created such phe-
nomena. In short, geotourism is a way of presenting geo-
heritage. A very important segment of geotourism is the
way geoheritage will get close to ordinary tourists.

Geotourism is a type of tourism mainly focusing on
geosites. Numerous authors defined the term geosite
[18–21]. Widely used definition of a geosite is provided
by Reynard [22], and according to him, geosite is
defined as a portion of the geosphere that presents
particular importance for the comprehension of Earth
history, geological or geomorphological object that has
acquired a scientific, cultural/historical, aesthetic, and/or
social/economic values due to human perception or
exploitation.

The main goal of this article is to analyze the poten-
tial of geotourism and the current state of geotourism
development in Sokobanja. This research was carried
out by applying the modified geosite assessment model
(M-GAM) created by Tomić and Božić [23]. In this article,
seven geosites were singled out based on the degree of
their attractiveness for geotourism development and have
the largest potential to attract the attention of a larger
number of tourists. The results of the analysis should
provide information about the major fields of improve-
ment and identify which geosite requires more attention
and better management in the time ahead, so that Soko-
banja become a well-known geotourism destination that
would attract more tourists.

2 Literature review

Geoheritage assessment presents an important step in the
process of geotourism development and protection of
geosites [25]. Suzuki and Takagi [10] state that assessing
the value of geosites is widely recognized as a useful tool
for the effective development, management, and protec-
tion of geological heritage. The process of evaluation of
geosites has been continuously developing in the last
three decades. According to Reynard [25], evaluation
of geosites has been developing in three main domains:
within the context of Environmental Impact Assessment
(EIA) procedures [26,27], in the context of land planning
[28,29], and in the context of geoheritage promotion [21,25].

Early assessmentmodels focus only on the scientific values
[26,29–31]. Other models emphasize potential threats and
protection needs [32], scenic, socioeconomical, or cultural
interests [33]. Also, there are different models that evaluate
scientific, aesthetic, historical, tourist,material, intangible,
cultural, social, and other values [2,10,25,34–44]. A more
complex model was developed by Vujičić et al. [45], which
measures scientific/educational, scenic/aesthetic, protec-
tion, functional, and touristic values. None of thesemodels
use the opinions, views, and tendencies of visitors and
tourists, which are very important, especially when eval-
uating the tourism potential of a site. The tourists are the
ones who decide whether to visit a certain geosite. Infor-
mation like this can help to point out fields that need
improvement or areas that require more attention and
better management.

The method developed by Tomić and Božić [23], M-
GAM (modified geosite assessment model), represents a
combination of the GAM model created by Vujičićet et al.
[45] and the importance factor (Im) first introduced by
Tomić [2] in his research. In this study, the opinion of
visitors was included in the assessment process. Informa-
tion was collected through a survey. Along with assess-
ment criteria from Vujičić et al. [45], one more element
called the Im was introduced in the assessment process.
This factor allowed visitors and tourists to express their
opinion about the importance of each subindicator in the
assessment model. The advantage of this model is that it
combines the opinion of both experts and tourists. More
about M-GAM will be presented in Section 4 of this
article. This method has been efficiently applied
numerous times for the assessment of various geosites
in Serbia, Slovenia, USA, and Hungary. Antić et al. [46]
applied this model in assessing karst geoheritage in
eastern Serbia, and other authors applied it for the eva-
luation of canyons and gorges [24,47], speleo-tourism
potential [48–51], hydrological heritage [52], and other
geological heritage [53–58].

3 Study area

The Sokobanja basin is located in the central part of
eastern Serbia (Figure 1). It is located between 43° and
44° north latitude and 21° and 22° east longitude. It
covers an area of 525.5 km2. It is located at the contact
of the Carpathian and Balkan mountain masses. The
Sokobanja basin represents a part of the mountain-
basin-valley macro-region, the eastern Serbia mesore-
gion [59]. It is surrounded by mountains of medium
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height, to the north is Rtanj Mt. (Šiljak 1,565m), to the
east are Slemen Mt. and Krstatac Mt., to the southwest is
Bukovik Mt., to the southeast is Devica Mt., and to the
south is Ozren Mt. The Sokobanja basin is located
between the Moravian basin in the west and the Timok
basin in the east [60]. The basin is 30 km away from the
international highway E-75, also known as Corridor 10,
which connects central and southeastern Europe. This is
the main tourist direction in Serbia.

The tecto-morphogenesis of the Sokobanja basin is
extremely complex. This is due to a long geological his-
tory that was accompanied by intense tectonic move-
ments. Tectonic movements were most intense during
the tertiary, when this area was a part of the Crnorečki
eruptive. The complex tectonic set is manifested in relief
by a large number of faults. Across this area dominates

Sokobanja’s fault, which extends over a length of 16 km
along the entire southern rim of the basin.

The rocks of different geological formations and com-
positions in this area are the result of complex tectonic
evolution. Metamorphic proterozoic shales, sandstones,
conglomerates, and coal are located in the western rim of
the basin, while the eastern, northern, and southern
parts are overlaid with limestone and dolomite. These
types of stone are most involved in the composition of
the Rtanj Mt., Devica Mt., Ozren Mt., Krstatac Mt., and
Leskovik Mt. [60]. The area of the Sokobanja basin repre-
sents a typical karst area. Karst forms cover an area of
464 km2. Based on the distribution of limestone masses,
the Sokobanja basin ranks second in Serbia just behind
the Kučaj Mt. region. Both surface and underground karst
forms can be found in the Sokobanja basin [61]. Karst

Figure 1: Position of the Sokobanja basin within borders of Serbia.
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geosites, as areas with attractive karst process features,
represent a very important part of geoheritage and pos-
sess outstanding qualities and potentials that can be used
for the development and improvement of geotourism
[46]. Karst terrain presents the category of special envir-
onments, and they are a significant component of geo-
diversity [62].

The geological past of this area caused the occur-
rence of natural values with emphasis on geological
and geomorphological features. The waterfall “Velika i
Mala Ripaljka” in the vicinity of Sokobanja is one of the
first protected natural resources in Serbia, which was
protected in 1949. Of about 650 geological, paleonto-
logical, geomorphological, speleological, and neotectonic
objects on the list of the Institute for Nature Conservation
of Serbia (INCS), there are three protected areas in the
territory of Sokobanja basin. These are Outstanding Natural
Landscape (ONL)“Lepterija-Sokograd,”MonumentofNature
(MN)Waterfall“Ripaljka,”andSpecialNaturalReserve (SNR)
“Rtanj” [63]. This article presents and evaluates some other
objects of geodiversity proposed by the authors to create a
new tourist product, which will expand the tourist offer.

Limestone occupies 88% of the Sokobanja basin [61].
There are numerous surface and underground karst forms.
A large number of caves, pits, ditches, collapsed caves, and
other forms adorn the area of Sokobanja. In this article, the
most representative forms of geoheritage will be singled
out. In addition to the protected geological heritage sites
of Sokobanja, listed in the INCS, this article also presents
the Seselac Cave, Ozren Cave, Urdeška river gorge, and
Čitluk Cave with the Moravica River source. Each geosite
will be labeled “GS” and the ordinal number, where “GS”
stands for geosite.

GS 1–OutstandingNatural Landscape (ONL): “Lepterija-
Sokograd” covers an area of 405.7 ha. It covers a part of the
canyon valley of the Moravica River, 3 km long, about
140m deep, and the medieval town of Sokograd. The
Sokograd is a cultural monument of great importance
dating from the 14th century. It is located on a cliff above
the Moravica River. An area of exceptional features and
outstanding landscape diversity is adornedwith attractive
geomorphological forms and phenomena and rich in flora
and fauna. Along with the medieval fortification, this area
was first declared as a protected area in 1969, covering an
area of 180.87 ha [64]. With the new proposal for protec-
tion, submitted by INCS in 1996, and adopted in 2002, this
area is protected and declared as ONL, with a second level
of protection. It is presented as a natural asset of great
importance, and its surface has been increased almost
three times. The Moravica River is the main hydrological

value of this area. Smaller waterfalls and rapids can be
seen along the rocky bed and the coastline. This area is a
very interestingmicro-entity,with the expressed erosional
karst processes in the form of fifteen caves and ditches
(Figure 2).

GS 2 –Monument of Nature (MN). Waterfall “Ripaljka”
is locatedon theGradašnicaRiver on the slopesof theOzren
Mt. The RipaljkaWaterfall and the source of the Gradašnica
River have been put under protection to preserve and
improve the morphological and hydrological features of
this area. The Velika and Mala Ripaljka Waterfalls and the
source of the Gradašnica River, as well as a series of water-
falls and giant pots in the riverbed, are protected as a
natural area of exceptional importance. They belong to
the first category of protected natural resources. It was
entrusted with the management of the Directorate for
Urbanism and Construction of Sokobanja [65]. The Gra-
dašnica River is the largest left tributary of the Moravica
River. It is only 6 km long [66]. The water of this river is
very rich in calcium bicarbonate, which is responsible for
the formation of tufa. The river bed is lined with tufa and
there are severalwaterfalls in the river. The largest of them
is Velika Ripaljka Waterfall, which consists of 11 sections,
with a total height of 40m. It belongs to the group of
travertine waterfalls [67]. The Velika and Mala Ripaljka
Waterfalls were one of the first protected areas in Serbia.
In 1949, INCS implemented an initial form of protection of
the area. Unfortunately, nothing has been done over the
next 50 years regarding protection. In 2009, the protection
procedure was restored, and the protected area was
increased to 6.8 ha [63] (Figure 3).

GS 3 – Special Natural Reserve (SNR): “Rtanj” with
pit filled with ice and karst microrelief. The Rtanj Mt. is
a junction between the Sokobanja basin and the
Crnorečka basin. It is built of limestone in the higher
parts of the mountain and sandstone and shale in the
lower parts [68]. The highest peak of this massive lime-
stone ridge is called Šiljak, located on the eastern side of
the mountain, reaching an elevation of 1,565 m [67].
Forms of surface karst microrelief created by fluvial erosion
can be distinguished by exhumed or partially exhumed
subcutaneous karst form (tubular scales and edges). These
features adorn the southern parts of the slope. The Rtanj’s
pit is a form of underground karst relief. It is better known
as the Rtanjska Ledenica. It is located at the base of the
peak Šiljak and has a depth of 45 m and a total length of
63 m. The pit consists of one oblique pit channel, and
it belongs to the type of static freezers. It permanently
retains cold air, and it has a constant temperature of
2°C [69].

M-GAM method in function of tourism potential assessment  1471



Figure 2: (a) ONL Lepterija-Sokograd (Moravica River). Photo: Miloš A. Jovanović. (b) ONL Lepterija-Sokograd (Medieval town of Sokograd).
Photo: Jovana Mladenović.
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GS 4 – The Seselac Cave is located in the northeastern
part of the Sokobanja basin at the foot of the Slemen Mt. It
presents the natural stone bridge (occur when the cave
ceiling collapses) of the Zarvina River, which is comple-
mented by a complex network of side channels. The main
channel has a length of 70m, and the length of all channels
is 516m. The cave has been repeatedly explored, but it is
not equipped for tourist visits.

GS 5 – The Ozren Cave is located on Ozren Mt., on the
part of the Ozren’s amphitheater basin, at the foot of peak
Mečji Vrh (691 m). It is also known among the locals as
the Delta Cave due to its entrance in the form of the Greek
letter delta. It represents a typical tectonic-corrosive pit.

It was created by submerging atmospheric waters along
the cracks. It has a total length of 420m. Although it has
been repeatedly researched, it is not equipped for tourist
visits.

GS 6 – The Urdeška River Gorge is located in the area
of the village Milušinac at the footprint of the Krstatac Mt.
(1,070m). It originates from the Urdeška stream, the left
tributary of the Milušinačka River. The area is rich in lime-
stone and sandstone, with rocks of varying resistance to
erosion. Numerous cascades and waterfalls have occurred
in this area. The Big Cascade is a section on the Urdeška
River that has a total height of 15m. Downstream below,
there are 15 large pots, also called vats. This large section

Figure 3: Waterfall Ripaljka. Photo: Jovana Mladenović.
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is composed of hypurite limestone. There is another water-
fall with a total height of 10m on the Crnobarska stream.
The waterfall is formed at the contact of limestone and
marl. Due to differences in rock resistance to erosion,
a smaller waterfall was created. The Waterfall on the
Milušinačka River consists of several waterfalls of 7–8m
in height, formed on the contact of limestone and sand-
stone [67]. In the valley of the Milušinačka River, there are
several smaller caves and dumps, as well as the natural
stone bridge God’s Gate (Bogova vrata, in serbian) about
6m high. This opening was created by the collapse of a
former cave.

GS7 – The Čitluk Cave with the source of the Moravica
River is located near the village Vrelo, at the foot of the
Devica Mt. The Moravica River is formed by the merging
of two streams at the foot of Devica Mt., i.e., the streams
of Izgara and Tisovik. The Moravica River is 57 km long
and has a catchment area of 606 km2. It is also fed by a
spring, located in the village of Vrelo, 15 km east of
Sokobanja. Since Izgara and Tisovik streams often dry
up during the summer months, these springs in village
Vrelo are considered to be the main source, which was
named the Moravica Springs. It is located on the left side
of the Moravica River. It gives an average of 650 L of water
per second. The source is located at an altitude of 382 m
[64]. The source itself is of particular importance because
it forms a small lake that is fed by thousands of jets of
water from the ground. The Čitluk Cave is located in the
northeast rim of the Devica Mt. at the foot of a steep
limestone cliff. It has a total length of 107m. The main
attraction is the large entrance hall, with a height of
23.5m. There is an open hole in the ceiling of the cave,
through which enters a daily light. It was created by the
collapse of the ceiling. It has been repeatedly researched,
but it is not yet equipped for tourist visits (Figures 4 and 5).

4 Methodology

The methodology of this study is based on the “modified
geosite assessment model” (M-GAM) developed by Tomić
and Božić [23]. This method is based on the previous
geosite assessment methods developed by different
researchers [2,25,31,32,34–39,42], and represents a com-
bination of the GAM model created by Vujičićet et al. [45]
and the Im first introduced by Tomić [2] in his research.
This model combines the opinion of both tourists and
experts, and neither side is favored in the assessment
process.

The M-GAM model consists of two key indicators:
main values (MV) and additional values (AV), which
are divided into 12 and 15 indicators, each of them indi-
vidually marked from 0 to 1. The division is made due to
two general types of values: main values – that are mostly
generated by geosite’s natural characteristics and addi-
tional values – that are mostly human induced and gen-
erated by modifications for its use by visitors. The main
values comprise three groups of indicators: scientific/
educational (VSE), scenic/aesthetical values (VSA), and
protection (VPr), while the additional values are divided
into two groups of indicators, functional (VFn) and tour-
istic values (VTr). The main and additional values are
more detailed in Table 1. In total, there are 12 subindica-
tors of main values and 15 subindicators of additional
values that are assessed from 0 to 1 that define M-GAM
as a simple equation:

- = +M GAM MV AV, (1)

where MV and AV represent symbols for main and addi-
tional values. Since main and additional values consist of
three or two groups of subindicators, we can derive these
two equations:

= + +MV VSE VSA VPr. (2)
= +AV VFn VTr. (3)

Each group of indicators consists of several subindi-
cators, equations (2) and (3) can be written as follows:

∑= + + ≡

≤ ≤

=

MV VSE VSA VPr SIMV where 0

SIMV 1.
i

i

i

1

12

(4)

∑
= + ≡ ≤ ≤

=

AV VFn VTr SIAV, where 0 SIAV 1.
j

j j
1

15

(5)

Values SIMVi and SIAVj represent 12 subindicators of
main values (i = 1,…,12) and 15 subindicators (j = 1,…,15)
of additional values. The main distinction of M-GAM is
that its focus is on the expert’s opinion and the opinion of
visitors and tourists regarding the importance of each
indicator in the assessment process. Visitors and tourists’
inclusion in the assessment process is made through a
survey where each respondent is asked to rate the impor-
tance (Im) of all 27 subindicators (from 0.00 to 1.00) in
the M-GAM model (Table 2). The Im allows visitors and
tourists to express their opinion about each subindicator
in the model and to show how important it is for them
when choosing and deciding between several geosites
that they wish to visit. After each respondent rates, the
importance of every subindicator, the average value of
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each subindicator is calculated and the final value of that
subindicator is the Im. Afterward, the value of the Im is
multiplied with the value that was given by experts (also
from 0.00 to 1.00) who assessed the current state and
value of each subindicator (Table 2).

This is done for each subindicator in the M-GAM
model after which the values are added up according to
the M-GAM equation, but this time with more objective
and accurate final results due to the addition of the Im.
This parameter is determined by visitors and tourists who
rate it in the same way as experts rate the subindicators
for main and additional values by giving them one of the
following numerical values: 0.00, 0.25, 0.50, 0.75, and

1.00, marked as points. According to this, the Im is de-
fined as follows:

=

∑

=

K
Im

Iv
,k

k
k1 (6)

where Ivk is the assessment/score of one visitor for each
subindicator and K is the total number of visitors. Note
that the Im parameter can have any value ranging from
0.00 to 1.00. Finally, the M-GAM equation is defined and
presented in the following form:

- = +M GAM MV AV. (7)

∑
=  

=

MV Im MV.
i

n

i i
1

⁎ (8)

Figure 4: Čitluk Cave (entrance to the cave). Photo: Jovana Mladenović.
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∑
=

=

AV Im AV.
i

n

j j
1

⁎ (9)

As can be seen from the M-GAM equation, the value
of the Im, which is rated by visitors (for each subindicator
separately) is multiplied with the value given by experts
(also separately for each subindicator). This is done for
each subindicator in the model.

Authors Božić and Tomić [24] conducted a survey in
their research about different geotouristic segments and
calculated the Im for each subindicator in the M-GAM
model related to Serbian tourists. For this research, the
values of the Im have been adopted from ref. [24].

Based on the results obtained, a matrix of main values
(X-axes) and additional values (Y axes) is created (Figure 7).
The matrix is divided into nine fields represented with Z(i,j),
(i, j = 1, 2, 3). Depending on the final score, each geosite will
fit into a certain field. For example, if a geosite’smain values
are 6 and additional are 8, the geosite will fit into the
field Z22.

5 Results and discussion

In this study, seven previously described geosites in the
Sokobanja basin were assessed by using the M-GAM

methodology. The aim of this article is to compare their
current state and geotourism potential and reveal the
most suitable geosites for the initial geotourism develop-
ment of the Sokobanja basin. Final results of the assess-
ment are presented in Tables 1 and 3 and Figure 7.

Results presented in Tables 1 and 3 show that the
main values have a significantly higher score than the
additional values. This indicates a great potential for
the development of geotourism, but these potentials are
not fully utilized. Geosites with the highest main values
are ONL Lepterija – Sokograd (6.70), MN Ripaljka Water-
fall (5.89), and SNR Rtanj (6.79). The first two geosites
possess very high scientific values (VSEs), especially in
the case of rarity, representativeness, and level of inter-
pretation, while SNR Rtanj has a slightly lower score.
Conversely, geosites SNR Rtanj and ONL Lepterija-Soko-
grad have the highest aesthetic values (VSA), particularly
regarding viewpoints, surface, and surrounding land-
scape and nature. These geosites have the biggest surface
among assessed geosites. Geosite MN Ripaljka Waterfall
has slightly a lower score due to small surface. Due to the
high values of the Im of rarity, level of interpretation, and
surrounding landscape and nature, the first three geo-
sites have the highest main values. The slightly lower
score of main values has geosite Čitluk Cave with a source
of Moravica River (4.74), which possesses exceptional

Figure 5: Source of the Moravica River. Photo: Jovana Mladenović.
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aesthetic and curiosity values. Namely, the picturesque
mountain environment, the source of the Moravica River,
where hundreds of jets of spring water erupt from the
ground as well as the cave in the immediate vicinity,
attracts a large number of visitors during the year. On
the other side, geosites with the lowest score of main

values are Ozren Cave and Seselačka Cave. These geosites
cover a small area and have a low level of knowledge on
geoscientific issues and viewpoints. Also, these caves
have poorly expressed karst processes and do not possess
speleothems. Geosites ONL Lepterija – Sokograd and SNR
Rtanj and MN Ripaljka Waterfall are the only protected

Table 1: Subindicator values given by experts for each analyzed geosite

Values given by experts (0–1) Im Total value

GS1 GS2 GS3 GS4 GS5 GS6 GS7 GS1 GS2 GS3 GS4 GS5 GS6 GS7

Main values (MV)
Scientific/educational values (VSE)
1. Rarity (SIMV1) 0.50 0.50 0.25 0.25 0.25 0.25 0.25 0.89 0.44 0.44 0.22 0.22 0.22 0.22 0.22
2. Representativeness (SIMV2) 0.75 0.75 0.50 0.25 0.25 0.50 0.50 0.79 0.59 0.59 0.39 0.19 0.19 0.39 0.39
3. Knowledge on geoscientific issues
(SIMV3)

0.75 0.75 0.75 0.50 0.25 0.25 0.25 0.45 0.33 0.33 0.33 0.22 0.12 0.12 0.12

4. Level of interpretation (SIMV4) 1.00 1.00 1.00 0.75 0.75 0.75 0.75 0.85 0.85 0.85 0.85 0.64 0.64 0.64 0.64
Scenic/aesthetic (VSA)
5. Viewpoints (SIMV5) 1.00 0.50 1.00 0.25 0.50 0.75 0.75 0.79 0.79 0.39 0.79 0.20 0.39 0.59 0.59
6. Surface (SIMV6) 0.50 0.00 1.00 0.50 0.00 0.00 0.50 0.54 0.27 0.00 0.54 0.27 0.00 0.00 0.27
7. Surrounding landscape and nature
(SIMV7)

0.75 0.75 1.00 0.75 0.75 0.75 0.75 0.95 0.71 0.71 0.95 0.71 0.71 0.71 0.71

8. Environmental fitting of sites
(SIMV8)

1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68

Protection (VPr)
9. Current condition (SIMV9) 0.75 1.00 0.75 0.50 0.50 0.75 0.75 0.83 0.62 0.83 0.62 0.41 0.41 0.62 0.62
10. Protection level (SIMV10) 0.75 0.75 0.75 0.00 0.00 0.00 0.00 0.76 0.57 0.57 0.57 0.00 0.00 0.00 0.00
11. Vulnerability (SIMV11) 0.75 0.50 0.75 0.50 0.50 0.50 0.50 0.58 0.43 0.29 0.43 0.29 0.29 0.29 0.29
12. Suitable number of visitors
(SIMV12)

1.00 0.50 1.00 0.25 0.25 0.25 0.50 0.42 0.42 0.21 0.42 0.11 0.11 0.11 0.21

Additional values (AVs)
Functional values (VFn)
13. Accessibility (SIAV1) 0.75 1.00 0.25 0.50 0.50 0.25 0.75 0.75 0.56 0.75 0.19 0.37 0.37 0.19 0.56
14. Additional natural values (SIAV2) 1.00 0.50 1.00 0.25 0.25 0.50 0.50 0.71 0.71 0.35 0.71 0.18 0.18 0.35 0.35
15. Additional anthropogenic values
(SIAV3)

0.50 0.00 0.25 0.00 0.00 0.25 0.25 0.70 0.35 0.00 0.18 0.00 0.00 0.18 0.18

16. Vicinity of emissive centers
(SIAV4)

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.48 0.12 0.12 0.12 0.12 0.12 0.12 0.12

17. Vicinity of important road network
(SIAV5)

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.62 0.31 0.31 0.31 0.31 0.31 0.31 0.31

18. Additional functional values
(SIAV6)

0.50 0.50 0.00 0.00 0.00 0.00 0.50 0.59 0.29 0.29 0.00 0.00 0.00 0.00 0.29

Touristic values (VTr)
19. Promotion (SIAV7) 0.75 0.75 0.50 0.25 0.25 0.25 0.25 0.85 0.64 0.64 0.42 0.21 0.21 0.21 0.21
20. Organized visits (SIAV8) 0.25 0.00 0.25 0.00 0.00 0.00 0.25 0.56 0.14 0.00 0.14 0.00 0.00 0.00 0.14
21. Vicinity of visitors centers (SIAV9) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22. Interpretative panels (SIAV10) 0.50 0.75 0.00 0.00 0.00 0.00 0.00 0.81 0.40 0.61 0.00 0.00 0.00 0.00 0.00
23. Number of visitors (SIAV11) 0.50 0.75 0.50 0.25 0.00 0.00 0.25 0.43 0.21 0.32 0.21 0.11 0.00 0.00 0.11
24. Tourism infrastructure (SIAV12) 0.50 0.50 0.00 0.00 0.00 0.00 0.00 0.73 0.36 0.36 0.00 0.00 0.00 0.00 0.00
25. Tour guide service (SIAV13) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26. Hostelry service (SIAV14) 1.00 1.00 0.25 0.25 0.75 0.25 0.50 0.73 0.73 0.73 0.18 0.18 0.55 0.18 0.36
27. Restaurant service (SIAV15) 1.00 1.00 0.25 0.25 0.75 0.25 0.50 0.78 0.78 0.78 0.19 0.19 0.58 0.19 0.39

GS1 –Outstanding Natural Landscape (ONL) “Lepterija-Sokograd,” GS2 –Monument of Nature (MN) Waterfall “Ripaljka,” GS3 – Special
Natural Reserve (SNR) “Rtanj,” GS4 – Seselac Cave, GS5 –Ozren Cave, GS6 – Urdeška Gorge, GS7 – Čitluk Cave with the source of the
Moravica River
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areas on a national level among the analyzed geosites,
while other geosites do not have any form of protection.
The highest score of protection values have ONL Lepterija-
Sokograd and SNR Rtanj. These two geosites cover a huge
area, which enables the visit of a big group of tourists
without causing significant damage to the ecosystem. Geo-
site MN Waterfall Ripaljka has a slightly lower score be-
cause it covers a small area, and a big group of tourists can
harm the ecosystem. For other geosites without any kind
of protection, it is necessary to provide an initial form of
protection at the local level and then to increase the level
of protection through development and research of these
areas, because geoconservation is a vital part of geo-
tourism. First, it is necessary to implement the initial
form of protection of the Seselac Cave because it is
home to a large and rare colony of bats. This geosite
requires special attention when planning tourism devel-
opment due to the implementation of geoconservation.

Additional values are added values to a geosite for
visitors use. These values are very important for further
geotourism development. In Tables 1 and 3, the overall
score of additional values is presented for each evaluated
geosite. Geosites ONL Lepterija-Sokograd (5.60) and MN
Waterfall Ripaljka (5.26) have the highest score of addi-
tional values, which means that these geosites are currently
the most suitable for tourism activities.

In the case of functional values (VFn), geosite ONL
Lepterija-Sokograd has the highest score, because it
is easily accessible by car and smaller bus and have
numerous additional natural and anthropogenic values.
The Sokobanja basin is located 60 km away from the
main tourist corridor of Serbia and southeastern Europe
(E-75 highway), and it is easily accessible by a regional
road network with good quality. However, the road net-
work leading from the center of Sokobanja to the assessed
geosites is local and has low quality. Geosite Urdeška River
gorge has the lowest score based on accessibility because
this geosite is connected to the main road by a narrow
forest road limiting access, especially during rainy per-
iods. Due to the high score of Im for accessibility, it is
necessary to build up a quality road network. Sokobanja
is more than 250 km away from the main emissive tourist
areas, Belgrade and Novi Sad, which are the largest cities
in Serbia according to the population. The city of Niš is the
only city with a population of over 200,000 located less
than 100 km away from Sokobanja. This is the main reason
for the low score of all assessed geosites regarding the
vicinity of emissive centers.

The natural surroundings of Sokobanja is very attrac-
tive for tourists and visitors. Numerous natural values such
as thermo-mineral springs, surface and underground karst
relief forms, numerous endemic herbs and animal species,

as well as local architecture and cultural heritage increase
the attractiveness of this area. Geosite NLO Lepteria-
Sokograd has the highest score according to this subindi-
cator because the surrounding landscape and environ-
ment of this area is one of the most picturesque, not
only among the analyzed geosites but also in the entire
region. Regarding additional functional values, the big
problem of further tourism development is the lack of
parking spaces. Apart from the geosites MN Ripaljka
Waterfall, not one geosite has a parking lot for buses
and cars.

Tourism values are very important for the promotion
and development of geotourism. By analyzing the tourist
values (VTr) of all geosites, it can be noticed that the MN
Waterfall Ripaljka has the highest score of tourist values
(3.44). The main reason for such high tourist values is
related to the number of visitors, promotion, hostelry,
and restaurant services. This geosite is a landmark of
Sokobanja and a well-known waterfall in Serbia. The
slightly lower score has geosite NLO Lepterija-Sokograd
(3.26)due to a higher number of visitors andhigher quality
of interpretative boards of MNWaterfall Ripaljka. Geosites
Seselac Cave and Urdeška River gorge have the lowest
score of tourist values. The main reason for such low
tourist values is related to basic geosite infrastructure,
interpretive panels, number of visitors, and promotion.
All of these elements are nonexistent at these geosites.
Due to the high Im for these subindicators, these elements
should be the primary focus of future tourism develop-
ment to attract more visitors to the sites.

Promotional activities of all geosites are on local and
regional levels within the promotional activities of the
Tourist Organization of Sokobanja. The official website
of the Tourist Organization of Sokobanja [70] promotes
several geosites (GS1, GS2, GS3, GS4, and GS7), while GS5
and GS6 have no promotional activities at all. Given that
the funds assigned to promotional activities are very
limited, it is necessary to take advantage of the popu-
larity, wide coverage area, and low cost of advertising
via electronic media. This primarily refers to the use of
Internet marketing and promotional activities that
represent one of the key trends in contemporary
marketing strategies [71]. When it comes to organized
tourist visits, it can be observed that only MN Waterfall
Ripaljka has 12–24 organized visits per year, as this
geosite is often in student excursion programs. Geo-
sites NLO Lepterija-Sokograd and SNR Rtanj Mt. have
less than 12 organized visits during the year. These
geosites are often visited by hikers and nature lovers.
If we look at the number of visitors, geosite MN Waterfall
Ripaljka has the highest number of visitors between
10,000 and 100,000 visitors during the year. Waterfall
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Ripaljka is one of the landmarks of Sokobanja. It is one of
the highest waterfalls in Serbia (total height of 40m), and
it has exceptional aesthetic and curiosity values, which
is the reason why it is the most visited attraction of

Sokobanja. Geosites ONL Lepterija – Sokograd and SNR
Rtanj Mt. are visited by more than 5,000 visitors during
the year because they represent the main excursion sites
of Sokobanja.

Figure 6: (a) Urdeška river gorge (Natural stone bridge – God’s Gate). Photo: Jovana Mladenović. (b) Urdeška river gorge (Small cave).
Photo: Jovana Mladenović.
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When it comes to the interpretative boards, geosite
MN Waterfall Ripaljka has a medium quality of interpre-
tative panels. Other geosites have a poor quality of inter-
pretative panels or these elements are nonexistent at geo-
sites. Interpretive panels, in the absence of a guide,
simplify complex natural processes; provide meaningful
information about the geosite, the length of the tourist
trail, rules, and warnings; and facilitate the movement of
visitors. Therefore, it is necessary to significantly improve
the number and the quality of interpretative panels to

increase the overall tourist experience. Sokobanja does
not have an organized guide service. Quality and multi-
lingual guide service is a very important factor in the
development of geotourism. Tourists are often people
who know little about geological and geomorphological
processes, so a good interpretation is necessary to under-
stand complex processes [72]. Sokobanja does not have a
visitor center. As all localities are not so far from Soko-
banja, one visitor center can be built to present all geo-
sites ex situ and promote them. The role of visitor centers
is multifaceted. Tourists can get more information about
geosites from these visitor centers. With the simulation of
some natural processes, visitors can get close to complex
geological and geomorphological processes. Visitor cen-
ters can present the characteristic flora and fauna, as well
as the history and culture of the area. Sokobanja is a place
with a long tradition of organized tourism, so it has a large
number of accommodation facilities and restaurant ser-
vices. Geosites closest to the center of Sokobanja (NLO Lep-
terija-Sokograd andMNWaterfall Ripaljka) have the highest
rating according to this subindicator because most of the
accommodation and restaurant facilities are located there.
Other geosites are far from the center of Sokobanja and have
a lower score. Given the fact that the Im for promotion,
vicinity of visitor centers, interpretative panels, and tour
guide service are among the highest in the M-GAM model
by Serbian tourists, these elements should be the primary
focus of future tourism development to attract more visitors
to the site.

According to the overall score of MV and AV of eval-
uated geosites, each of them will fit into a certain field in a
two-dimensional M-GAM matrix. Only two geosites (NLO
Lepterija-Sokograd and MNWaterfall Ripaljka) are located
in the field Z22. This indicates that these two sites have the
most potential for future development of geotourism

Table 3: Overall ranking of the analyzed geosites by M–GAM

Geosite Main values (MV) ∑ Additional values (AV) ∑ Field

VSE VSA VPr VFn VTr

GS 1 2.21 2.45 2.04 6.70 2.34 3.26 5.60 Z22
GS 2 2.21 1.78 1.90 5.89 1.82 3.44 5.26 Z22
GS 3 1.79 2.96 2.04 6.79 1.51 1.14 2.65 Z12
GS 4 1.27 1.86 0.81 3.94 0.98 0.69 1.67 Z11
GS 5 1.17 1.78 0.81 3.76 0.98 1.34 2.32 Z11
GS 6 1.37 1.98 1.02 4.37 1.15 0.58 1.73 Z12
GS 7 1.37 2.25 1.12 4.74 1.81 1.21 3.02 Z12

GS1 –Outstanding Natural Landscape (ONL) “Lepterija-Sokograd,” GS2 –Monument of Nature (MN) Waterfall “Ripaljka,” GS3 – Spacial
Natural Reserve (SNR) “Rtanj,” GS4 – Seselac Cave, GS5 –Ozren Cave, GS6 – Urdeška Gorge, GS7 – Čitluk Cave with the source of the
Moravica River.

Figure 7: Position of geosites in M-GAM matrix. Legend:
GS1 –Outstanding Natural Landscape (ONL) “Lepterija-Sokograd,”
GS2 –Monument of Nature (MN)Waterfall “Ripaljka,” GS3 – Spacial
Natural Reserve (SNR) “Rtanj,” GS4 – Seselac Cave, GS5 –Ozren
Cave, GS6 – Urdeška Gorge, and GS7 – Čitluk Cave with the source
of the Moravica River.
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among the evaluated geosites. Geosites Seselac Cave and
Ozren Cave are located in field. These geosites are not
equipped for tourist visits and do not have high aesthetic
value. They cover a small area, and they are not suitable
for mass tourism development. These caves have the
potential to developmodern “Wild Caving” tourism, which
is more ecotourism oriented. Geosites SNR Rtanj Mt.,
Urdeška river gorge, and Čitlik Cave with Moravice river
source are located in field Z12. Generally, geosites of
Sokobanja are characterized by a moderate level of
main values and moderate or low level of additional
values. Future geotourism development should primarily
be focused on geosites NLO Lepterija-Sokograd and MN
Waterfall Ripaljka, which have a very good balance of main
and additional values but still with plenty of room for im-
provement. Geosite SNP Rtanj Mt. has the highest main
values, especially aesthetic values that are an important
motive for tourists. Even so, more investments and im-
provement is necessary in the case of tourist values to at-
tract a larger number of tourists and visitors in the future
period. This especially refers to tour guide service, interpre-
tive panels, as well as promotion and visitor centers.

In addition, further geotourism development should
be based on the use of Geographical information system
(GIS). A GIS presents a valuable tool, providing an oppor-
tunity for quick management and complex processing of
spatial data, while the user of the GIS is capable of imple-
menting them in the decision-making procedure [73]. The
utilization of geological, geomorphological, and socioeco-
nomic data should help in better land use suitability
assessment procedure for geotourism development. The
incorporation of these factors assists decision-makers,
policy-makers, and planners in the evaluation and the
selection of suitable areas for the development of geo-
tourism. A similar study was conducted by Bathrellos et
al. [74]. In their research, they examined the potential land
use planning for rural communities and agricultural devel-
opment with the help of multi criteria analysis and GIS.

6 Conclusion

The main focus of this study was to assess and compare
the current state and geotourism potential of the seven
analyzed geosites in the Sokobanja basin. All seven geosites
have a significant tourism potential, which is based on
natural resources, especially aesthetic values. However,
as our results show, none of these sites have the necessary
services and facilities for major tourism development. It is
indisputable that Sokobanja possesses the resources for the

development of geotourism, but the necessary thing is
human activity aimed at the management of geosites and
tourist destinations as a whole. A big problem for further
tourism development is the lack of guide service. This seg-
ment of the tourism market requires guided tours, so good
quality tour guide service should be available. Another im-
portant issue is the lack of a visitor center in the area. It is
not necessary to have a large visitor center in the initial
phase of the geotourism development. One visitor center
located in Sokobanja would be a sufficient start. This visitor
center would be equipped with knowledgeable staff and
modern interpretative facilities and other tourist contents.
Onsite interpretation and geosite signage and signalization
is of low quality or nonexistent at all. Although geotourism
is even now based on self-guided tours, geosites should
have brochures and maps of geosite attractions to sup-
port self-guided tours. The development of geotourism
in Sokobanja would enrich its tourist offer. Sokobanja
should recognize its geotourism potential as an upgrade
to the overall tourist offer. More diverse offers can attract
tourists of different interests. Geotourism can have a
positive impact on economic flows. Further develop-
ment of geotourism in this area can identify some new
geosites and expand the geotourism offer.
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