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Abstract: The development of climate indices and their application can influence the preferences of
tourists and the time frame for visiting the locality. This study develops a new Heritage Climate
Index (HERCI) that finds its application in assessing climate comfort for visiting geoheritage and
cultural heritage objects. The study analyzed the geoheritage site in Western Serbia (Stopića Cave)
and the cultural heritage site in Eastern Serbia (Golubac Fortress). The index was developed to
represent climatic comfort on a monthly basis and consisted of five climatic elements. The values of
the HERCI index were obtained based on the multi-criteria decision-making model—the Best–Worst
method (BWM). The results were classified into five classes, depending on the degree of conformity.
After a comparative analysis of the index results for four localities and their attendance for the
period 2012–2021 and 2019–2022, it was determined that there is a very high level of correlation
(>0.9). This is the first study to use the BWM to develop and analyze a climate index. From the
aspect of tourism policy, this study significantly contributes to tourism organizations and tourists in
better understanding climate comfort and making decisions about the organization’s time frame and
realization of the travel.

Keywords: climate comfort; heritage; tourism; HERCI; BWM; Stopića Cave; Golubac Fortress

1. Introduction

Tourism is a significant factor of economic income for many tourist-oriented coun-
tries [1,2]. Some authors define tourism as one of the world’s largest industries [3]. To
adequately implement tourism in a certain area, it is necessary to analyze the environmental
parameters that play an important role in its development [4,5]. Parameters include both
assessment of natural factors (climate, geology, topography, biodiversity) and analysis
of anthropogenic factors (land use, landscape change) [6,7]. Territories characterized by
specific landforms, optimal climate comfort, low degree of terrain inclination and great bio-
logical diversity with minimal anthropogenic influence will represent an ideal geoheritage
for visiting tourists. In the case of cultural heritage sites, it is necessary to maintain the
building in an adequate condition without putting pressure on the environment. Climatic
elements represent an essential natural factor and directly influence destination choice,
season length and quality [8,9]. For this reason, it is necessary to evaluate the tourist climate
in order to make adequate decisions, investments, planning, etc. [10].

During the 20th and 21st centuries, dozens of thermal and climate indices were
developed with different numbers of parameters used [11,12]. Climate comfort is defined
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as the degree of satisfaction with climatic conditions in the environment where people
participate in tourism activities [13]. In some literature dealing with urban areas, one
can find the concept of outdoor thermal comfort (OTC), which is different from climatic
comfort, since the analysis includes subjective factors (behavioral and psychological) in
addition to objective parameters (climatic conditions) [14]. The best known and most
widely used index for assessing the tourist thermal environment—the Tourism Climate
Index (TCI)—was developed by Mieczkowski [15]. Seven climate variables are used to
calculate the TCI. However, the TCI is based solely on expert opinion and does not consider
human thermophysiology [3]. For this reason, several methods have been developed to
calculate thermal comfort based on human biometeorology, such as the Universal Thermal
Climate Index (UTCI) [16,17]. The UTCI is considered one of the most comprehensive
bioclimatic indices because it is very sensitive to changes in ambient conditions and better
reflects the temporal variability of thermal conditions than many other indices.

Depending on the regional climate differences, the geographical location of the place,
the natural conditions and the type of tourist activities, the following have been developed:
Beach Climate Index (BCI) [18] and second generation climate index for tourism (CIT) [19],
the Holiday Climate Index [20], the Tourism Climate Comfort Index (TCCI) [21], the
Camping Climate Index (CCI) [22,23], the Outdoor Tourism Climate Index (OTCI) [24]
and the Coastal Tourism Climate Index (CTCI) [10]. Morgan [18] studied the optimal
climatic conditions for beach use in Wales, Turkey and Malta. Based on the BCI, the results
indicated an optimal climate comfort that enables the recreation of tourists from Northern
Europe to Mediterranean beaches outside the peak tourist season. De Freitas et al. [19]
integrate thermal, aesthetic and physical aspects of time for the development of CIT. The
rating of satisfaction with the climate is expressed in values from one (unacceptable) to
seven (optimal). And̄elković et al. [21] propose a new mathematical approach to climate
parameters to develop the TCCI. A link was established on a sample of 26 meteorological
stations across Serbia between the index value and statistical data on the number of tourists.
Ma et al. [22] perform a comparative analysis of daily meteorological data for 29 campsites
with daily data on camp occupancy. By applying the CCI, a correlation between the two
analyzed parameters was identified. Yu et al. [25] conducted a comparative analysis of
TCI and HCI for beach areas in the Asia–Pacific tourism region. The results show that TCI
values do not follow the trend of tourist visits, while HCI values have a much higher score
during the summer months. Valizadeh and Khoorani [24] examine the impact of climate
change on outdoor tourist movement in Hormozgan Province, Iran. Using the OTCI, they
conclude that February, March and December are optimal for outdoor tourist activities.
Gao et al. [10] include five variables for developing CTCI in Chinese coastal cities. The
results showed that the CTCI had been applied and verified in the case of nine Chinese
coastal cities compared to the HCI.

There are few studies on climate comfort for localities in Serbia. City, spa and moun-
tain tourism can be identified as Serbia’s most popular tourism sectors. Pecelj et al. [26]
investigate the differences in bioclimatic conditions during the summer months between
the city of Belgrade and the Zlatibor Mountain using human heat load (HL) and UTCI.
Basarin et al. [27] report the bioclimatic conditions of the Zlatibor Mountain using the physi-
ologically equivalent temperature (PET) and UTCI over 10-day periods. Błażejczyk et al. [28]
evaluate thermal conditions of nine mountains in Central and Eastern Europe, using UTCI.
Malinović-Milićević et al. [2] evaluate thermal comfort and its changes for the purpose of
skiing on Kopaonik Mountain. Tourist activity in Serbia is increasing year by year. Excluding
years 2020 and 2021 due to the COVID-19 virus pandemic and restrictive measures, the
number of tourists increased by 83% in the ten-year period of 2009–2019. In 2009, there
were slightly more than two million tourists, while in 2019, the number of tourists reached
3.7 million. During the same period, the number of foreign tourists increased by 186%, from
646,000 foreign tourists in 2009 to 1.84 million in 2019 [29]. After removing all restrictive
measures, a full recovery of the tourism sector in Serbia and an increase in the number of
tourists compared to the previous three years is expected in 2023.
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One of the goals of the study is to apply the new climate index to protected areas,
especially geoheritage and cultural heritage sites. According to the data of the Institute
for Nature Protection of Serbia, the inventory of geoheritage objects includes about 1150
geological, geomorphological, speleological, hydrological, pedological and archaeological
phenomena and objects [30]. So far, more than 80 objects have been protected. The goal is
to protect all geoheritage objects in the future. As for cultural heritage, 2624 immovable
cultural assets are registered in the central register of the Republic Institute for the Protection
of Cultural Monuments [31].

Tourist activities in the vicinity of the Stopića Cave, located on Zlatibor, have the classic
characteristics of mountain tourism. This type of tourism not only offers different forms of
geoheritage but also has the advantage of attracting different visitors throughout the year
through a range of activities (mountaineering, cycling, climbing, skiing, snowboarding,
sledding) [32,33]. On the other hand, visiting Golubac Fortress can be classified as cultural
tourism. Cultural tourism is characterized by weak seasonality, so many authors believed
that the development of cultural tourism resources could avoid strong seasonality [34–36].

From the aspect of tourism, climatology, natural hazards and environmental protection,
the application and analysis of a large number of parameters often assigned a different
weighting coefficient to evaluate the criteria, i.e., a hierarchy of priorities was carried
out [37,38]. This type of procedure—multi-criteria analysis—considers various quantitative
and qualitative criteria that need to be determined in order to find the best solution. In
such situations, decision making is based on proper structuring and explicitly evaluating
all criteria using appropriate models and software packages [39,40]. For the purpose of the
study, the Best–Worst method (BWM) was used as one of the latest and most reliable multi-
criteria decision-making models [41]. In analyzing the five climatic elements, a priority
hierarchy was created so that each criterion received its weight. The BWM served as the
mathematical basis for developing a new index, the Heritage Climate Index (HERCI), which
basically uses readily available climate parameters. HERCI determines optimal climate
comfort on a monthly basis using mean monthly air temperature, mean monthly total
precipitation, mean monthly cloudiness, monthly insolation and mean monthly relative
humidity. The index can be used in areas with moderate climate characteristics.

The aim of this study is to analyze the external climate comfort conditions of protected
areas and to develop a new climate index based on five climate parameters and a multi-
criteria analysis. In addition, as it involves the evaluation of climate variables for natural
and cultural heritages, the study contributes to a better understanding of regional climate
differences and the potential of ecotourism and cultural tourism.

2. Materials and Methods
2.1. Study Area

Stopića Cave is located in the western part of Serbia, in the northeastern part of the
Zlatibor Mountain (Figure 1). The first speleological explorations of the cave were carried out
by the most famous Serbian geographer Jovan Cvijić. Due to its specific natural characteristics
and preserved geomorphological and hydrological features, the Stopića Cave was declared a
protected area in the form of a natural monument in 2005. Tourist visits to the cave has been
arranged since 2009 and is known mainly for its accumulative forms—Tufa tubs (rimstone
dams). Stopića Cave consists of five morphological units: Light Hall, Dark Hall, Hall with
Tubs, Channel with Tubs and River Channel [42]. Excluding its youngest system, Stopića
Cave is 1692 m long. The cave entrance is 711 m above sea level, and the Trnava stream flows
through the cave. According to the Zlatibor Tourist Organization, the number of visitors in
2012 was 25,817, while in 2021, the number of visitors was 100,252 visitors, which makes this
site one of the most visited geoheritage objects in Serbia [43].

From the climatological point of view, the area around the cave is located at the interface
between temperate continental climate and mountain climate [44,45]. The data used for the
analysis of climatic elements were obtained from the meteorological station of Zlatibor [46]. The
station altitude is 1029 m, and the climate elements were analyzed for the period 1990–2021.
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According to the results, the average annual air temperature is 8.3 ◦C, and the average annual
precipitation is 1017.4 mm. The average annual number of sunshine hours is 2052, the average
annual relative humidity is 75.1%, and the average annual cloudiness is 57%.
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Golubac Fortress is a medieval fortress in the northeastern part of Serbia, on the right
bank of the Danube. It is located 75 m above sea level, at the entrance of the Djerdap Gorge
and the Djerdap National Park. The fortress’s construction date is unknown, although it
was first mentioned in written sources in 1335 [47]. During its long history, the fortress
was ruled by many people (Hungarians, Serbs, Ottoman Turks) and suffered great damage
during wars. Detailed reconstruction of the fortress was completed in 2019 when it was
opened for tourist visits. Today, the Golubac Fortress is under state protection as a cultural
monument of exceptional importance. In 2019, it was visited by 112,248 tourists, and in
2022, by 171,608 tourists [47].

For the analysis of climatic elements, the data (1990–2021) from the meteorological
station Veliko Gradište [43] was used, located at an altitude of 80 m above sea level and
17 km from Golubac. Golubac and its surroundings are characterized by a moderate-
continental climate with significant regional climate differences compared to Zlatibor [48].
The average annual air temperature is 11.8 ◦ C, while the average annual precipitation is
668.4 mm. The average annual cloudiness is 54%, and the average number of sunshine
hours is 2139. The average annual relative humidity is 73.6% [46].

Stopića Cave and Golubac Fortress are objects of geoheritage and cultural heritage.
These two protected heritage sites with large altitude differences and different climate
conditions were used in this study to demonstrate the wide application of the HERCI index
in areas with different climate characteristics.
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2.2. Selection of Criteria by Importance

Air temperature—is the degree of hotness or coldness of a site. The air temperature
is measured two meters above the ground, where the thermometer is protected from
direct sunlight and exposed to free airflow. The dry bulb thermometer is placed in a
meteorological shelter two meters above the topographic surface. It is marked as the
most important criterion because human body does not have any selective sensors for the
perception of individual climatic parameters, but can only register (by thermoreceptors)
and generate a thermoregulatory response to temperature [49]. The human body is able
to adapt to different temperature conditions, but during tourist stays, most people avoid
outdoor activities in very high or very low temperatures. The human body is subject to the
laws of thermodynamic, and in order to maintain an internal temperature of around 37 ◦C,
environmental conditions determine whether there is too much/too little heat, or it is just
right. Air temperature, radiant temperature, humidity and air movement are four basic
environmental variables that affect human response to thermal environment. Extremely
high or extremely low air temperatures can cause various human diseases [50,51].

Insolation—the duration of sunlight, measured in hours. Sunlight duration has great
influence on outdoor activities, primarily because of day length. Also, it impacts the
attractiveness of sites [52]. Although some rooms in the fortresses and the interior of the
caves are independent of insolation, the surroundings of the fortress (viewpoints, entrance)
and caves are an indispensable part of tourist activities for which sunlight is of great
importance. Insolation is important for people’s physical and mental health. Unlike other
essential vitamins, which must be obtained from food, vitamin D can be synthesized in the
skin caused by exposure to radiation [53]. Lack of indirect sunlight is a major predictor of
anxiety, and natural light has a positive impact on mental health. Insolation significantly
affects the mood of people who mark “nice weather” as “sunny weather” [54,55].

Cloudiness—the level of the sky covered with clouds. It is expressed in tens or percent.
Cloud cover is inversely proportional to insolation and has the opposite effect. Therefore, it
affects the appearance of the landscape and its aesthetic qualities [56,57].

Precipitation—means an amount above or equal to 0.1 mm of rainfall. Along with tem-
perature, precipitation is the most important climate element for different climate research [58].
In this case, precipitation is fourth as a criterion because, apart from showers and extreme
precipitation, it has no limiting effect on people’s activities and/or health or tourist movements.

Relative air humidity—is defined as the ratio of the vapor pressure of air to its satu-
ration vapor pressure [50,59]. It is expressed in percentages. Increased humidity causes
a feeling of fatigue [60]. With low temperatures, it reduces visibility and causes fog. In
winter months, it reduces the negative effects of relatively low temperatures. The optimal
humidity is 50–75% [58,61].

Other factors which are not used in this research also play a role in climate comfort:
wind speed and frequency, monthly amplitude of air temperature and number of rainy
days in a given month [21].

2.3. Methodology
2.3.1. Multi-Criteria Decision Making (MCDM)

Based on five climate criteria, assessing climate comfort can be considered a multi-
criteria decision making (MCDM) problem. In MCDM problems, decisions are based
on evaluating different, mostly contradictory criteria. In other words, MCDM methods
provide a situation to consider various criteria with different weights. The outcome of this
assessment helps to identify the optimal alternative from multiple alternatives as selected
by a decision-maker [62].

Different MCDM methods have been used in the literature in various fields [63].
However, potential inconsistency is one of the primary deficiencies in some popular MCDM
methods [41] and cannot be easily rectified [64]. Moreover, other MCDM methods, such as
Analytical Hierarchy Process (AHP), need to collect extensive data, making managing data
difficult [60].
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In this study, we aim to use Best–Worst Method (BWM). BWM, developed by Rezaei [41],
among other MCDM methods, has superior features that make it very popular among
researchers. Rezaei [61] elaborates on three core benefits of BWM: (1) BWM allows more
reliable and consistent pairwise comparisons as an expert has a clear understanding of the
range of evaluation from the outset by selecting the best and the worst criteria, (2) BWM
decreases possible anchoring bias by using two pairwise comparisons based on the best and
the worst criteria, and (3) BWM uses data and time-efficient pairwise comparisons with a
possibility of checking the consistency of pairwise comparisons.

In the literature, Best–Worst Method has been used in several studies with different
objectives: business model and sustainability, technology selection, social sustainability
in the supply chain and R&D performance [65–69]. However, using BWM for finding the
values of the HERCI index is new.

BWM can provide multiple optimal solutions if a non-linear minmax model is used to
determine the criteria weights. When a linear BWM model is used, the pairwise comparison
gives one unique outcome [62].

2.3.2. Best–Worst Method (BWM)

This study uses a linear BWM model to determine the weights of five climatic elements.
See Rezaei [62] for a more thorough explanation and justification of the design of the linear
BWM. The steps of BWM are as follows:

Step 1: Identify a set of decision criteria for a decision-making problem
{c1, c2, c3, . . . , cn}.

Step 2: Identify the best criterion (or most important, most preferred criterion) and
the worst criterion (or least important, least desired criterion) among the decision criteria.

Step 3: Compare the best criterion to all the other criteria using a 9-point scale (number
1 represents equal importance, whereas number 9 means that the best criterion is rated
‘extremely more important’ than other criteria). The result is a best-to-others (BO) vector
that is as follows:

AB = (aB1, aB2, . . . , aBn) (1)

aBj stands for to what extent the best criterion B is more preferred to criterion j.
Therefore, it is evident that aBB = 1.

Step 4: Compare all other criteria to the worst criterion (W) using a 9-point scale
(numbers between 1 and 9; 1: j is equally important to W; 9: j is extremely more important
than W). In this case, the vector OW is as follows:

AW = (a1W , a2W , . . . , anW) (2)

Here, the preference of criterion j over the worst criterion is expressed as ajW, while
aWW = 1.

Step 5: Calculate the optimal weights of the different criteria. By minimizing the
maximum value of the set of

{∣∣wB − aBjwj
∣∣, ∣∣wj − ajWwW

∣∣} for all j, the problem can be
translated into the following [62]:

min
w

max
j

{∣∣wB − aBjwj
∣∣, ∣∣wj − ajWwW

∣∣} (3)

subject to ∑n
j=1 wj = 1, wj ≥ 0, for all j (4)

This problem (4) can be written as a linear programming model, as it is showed below:

min ξ

such that ∣∣wB − aBjwj
∣∣ ≤ ξ, for all j (5)
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∣∣wj − ajWwW
∣∣ ≤ ξ, for all j (6)

n

∑
j=1

wj = 1 (7)

wj ≥ 0, for all j (8)

In the literature, the best–worst method has been used in several studies with different
objectives: Business model and sustainability, technology selection, supply chain social
sustainability, and R&D performance [65–69].

The input-based consistency ratios and associated thresholds provided in Liang et al. [70]
are used to check the acceptability of the pairwise comparisons’ consistency. All the compar-
isons were consistent.

Based on previous research and experts’ opinions in climatology, tourism, geography
and the environment, a hierarchy of criteria was created according to priority. In all multi-
criteria analyses, the opinion of many experts is important to reduce subjectivity in the
creation of the matrix and the final calculation. Researchers and professors with 5–25 years
of experience participated in determining the priorities, and the greatest importance was
assigned to the average monthly air temperature (Tavg). In contrast, the least importance
was given to relative air humidity (RHavg). In addition to the mentioned criteria, the
following criteria were also used in the calculation: monthly insolation (Imon), average
monthly cloud cover (CCavg) and monthly total precipitation (Psum) (Table 1).

Table 1. Matrix of values.

Best to others Tavg Imon CCavg Psum RHavg

Tavg 1 2 3 4 5
Others to the worst Tavg Imon CCavg Psum RH avg

RHavg 5 4 3 2 1

The level of consistency of pairwise comparisons is acceptable and amounts to 0.2. The
associated threshold value is 0.23. By assigning numerical values in the matrix and applying the
BWM method, the weighting coefficients for each criterion were obtained (Table 2).

Table 2. Weight coefficients of climatic elements.

Criteria Tavg Imon CCavg Psum RHavg

Weights 0.416 0.237 0.158 0.118 0.072

In this case, the greatest importance is attached to the best marked criterion, i.e., Tavg
(0.416), while the criterion evaluated as the worst is RHavg and has a weight value of 0.072.

2.3.3. Heritage Climate Index (HERCI)

The HERCI index was developed to evaluate climatic comfort for ecotourism and cultural
tourism needs. It is based on the application of five readily available climate parameters: average
monthly air temperature (Tavg), monthly insolation (Imon), average monthly cloud cover
(CCavg), monthly total precipitation (Psum) and average monthly relative air humidity (RHavg).
Weighting coefficients (WC) were determined using the BWM method. The assignment of
grades and the classification of results in the application of multi-criteria analysis varies; in
general, the final results are divided into four or five classes [71–73].

Within each climate parameter, intervals (INT) were separated and grades (G) were
assigned from one to five. Intervals with a grade of one were defined as extremely unfa-
vorable, and values with grade of five were defined as very favorable for climate comfort
assessment. Grade Coefficient (GC) is obtained by multiplying WC and G.
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Once GC is assigned to all five parameters, the following formula is obtained:

HERCI = ∑ GC, (9)

where HERCI—Heritage Climate Index; GC—Grade Coefficient. The maximum value that a
locality can receive using the HERCI index is five, and the minimum value is one. On this
basis, the index value was divided into five classes (Table 3). The validity of the HERCI index
is achieved by applying five easily accessible climate parameters, without the possibility of
adding new parameters or changing existing ones. The method does not include air velocity
due to significant microclimate differences in the study areas. It is a parameter where the
frequency and speed can vary significantly at the local level. Certain geoheritage and cultural
heritage objects are located on the windward side, some on the leeward side. At the same
time, official data is collected only for the location of the meteorological station.

Table 3. Weighting coefficients and ratings of climatic elements.

Parameter Weight Coefficient (WC) Interval (INT) Grade (G) Grade Coefficient (GC)

Tavg (◦C) 0.416

18–23 5 2.08

15–18 and 23–25 4 1.66

12–15 and 25–27 3 1.25

5–12 and 27–29 2 0.83

<5 and >29 1 0.42

Imon (h) 0.237

>250 5 1.18

190–250 4 0.95

150–190 3 0.71

80–150 2 0.47

<80 1 0.24

CCavg (%) 0.158

<42 5 0.80

42–52 4 0.60

52–63 3 0.47

63–70 2 0.32

>70 1 0.16

Psum (mm) 0.118

<50 5 0.59

50–70 4 0.47

70–90 3 0.35

90–110 2 0.24

>110 1 0.12

RHavg (%) 0.072

40–68 5 0.36

30–40 and 68–70 4 0.29

30–35 and 70–75 3 0.22

25–30 and 75–85 2 0.14

<25 and >85 1 0.07

Depending on the final sum, the climate index of the place on a monthly basis may be as
follows: extremely unfavorable, unfavorable, acceptable, favorable, and very favorable (Table 4).

Table 4. Classification of HERCI index values.

HERCI Index Values Description Label
<1.86 Extremely unfavorable

1.86–2.59 Unfavorable
2.6–3.39 Acceptable
3.4–4.35 Favorable

>4.35 Very favorable
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Depending on the final sum, the climate index of the locality on a monthly basis can be as
follows: extremely unfavorable, unfavorable, acceptable, favorable and very favorable (Table 4).

In order for HERCI to be relevant for areas with different climatic conditions, the Stopića
Cave, whose surroundings have a mountain climate, and Golubac Fortress, which is character-
ized by a temperate–continental climate, were examined in the study. For both locations, a very
high correlation was obtained between the index values and monthly tourist visits.

3. Results and Discussion

By processing climatological data for the period 1991–2021, average values of climatic
elements for the areas around Stopića Cave and Golubac Fortress were obtained. From the
climatic conditions, January, February and December are the least suitable for visiting the
Stopića Cave, when the average temperatures are below 0 ◦C. Insolation during January
and December is very low, which implies that the cloudiness in this period is the highest
in the whole year (>64%). Relative humidity is above 83%, while monthly precipitation is
63.9–83.4 mm (Table 5).

Table 5. Average values of climate elements for the meteorological station Zlatibor in 1990–2021 [46].

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Tavg −1.7 −0.4 2.9 7.6 12.4 16.2 18.2 18.3 13.4 9.0 4.4 −0.9
GC 0.42 0.42 0.42 0.83 1.25 1.66 2.08 2.08 1.25 0.83 0.42 0.42

Imon 90.4 107.7 149.3 167.2 209.4 242.1 276.1 270.1 192.4 160.3 106.9 75.4
GC 0.47 0.47 0.47 0.71 0.95 0.95 1.18 1.18 0.95 0.71 0.47 0.24

CCavg 65 63 61 61 59 52 45 41 52 54 62 66
GC 0.32 0.47 0.47 0.47 0.47 0.47 0.6 0.8 0.6 0.47 0.47 0.32

Psum 63.9 69.3 80.1 81.5 101.5 111.0 97.4 72.7 94.3 81.8 80.6 83.4
GC 0.47 0.47 0.35 0.35 0.24 0.12 0.24 0.35 0.24 0.35 0.35 0.35

RHavg 83.2 78.9 73.5 69.6 70.6 71.7 69.3 68.2 74.1 77.5 79.9 85.1
GC 0.14 0.14 0.22 0.29 0.22 0.22 0.29 0.29 0.22 0.14 0.14 0.07

HERCI 1.82 1.97 1.93 2.65 3.13 3.42 4.39 4.7 3.26 2.5 1.85 1.4

The synergy of the processed climate elements results in January and December being
extremely unfavorable for tourist visits to the protected areas on Zlatibor. July and August, on the
other hand, can be considered very favorable. Temperature conditions above 18 ◦C, a significant
amount of sunshine (>270 h), the least cloudiness (<46%) and optimal humidity (<70%) resulted
in ideal climate comfort for tourist activities within geoheritage and cultural heritage sites.

The analysis of tourist visits to Stopića Cave by month in 2012–2021 confirms that
the largest number of tourists was recorded in July and August (>9000). The highest
recorded climate comfort (4.7) in August corresponds to the highest number of tourists in
the same month (15,142). A very low number of tourists was recorded during the winter
months when the climate comfort was classified as extremely unfavorable or unfavorable.
December, which is marked as the most unfavorable (1.4), is characterized by a very low
number of tourist visits (1343) (Table 6).

Table 6. Average monthly tourism visitations in 2012–2021 [43].

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Tourism
visitations 2013 2469 1250 4046 7108 5687 9075 15,142 5898 4410 2334 1343

When examining the correlation analysis between HERCI index scores and average
visits on a monthly level, a very high Pearson’s correlation level of 0.94 was found. The
relationship between the two variables is shown in Figure 2.

Weather conditions at the Golubac Fortress differ significantly from those in Zlatibor.
When examining the meteorological data of the Veliko Gradište station for the period
1990–2021, it was found that the monthly average temperatures in January, February and
December are less than 3 ◦C. In January and December, insolation was very low (<70 h),
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while cloud cover was >70%. In contrast to Zlatibor, the Veliko Gradište area is characterized
by relatively uniform monthly precipitation. Unfavorable relative humidity (>82%) was
recorded during January and December. The lowest HERCI value was for January, i.e.,
1.55, which means that the climate comfort in this month is extremely unfavorable. Very
favorable climatic comfort was recorded for June (4.43), July (4.77) and August (4.89). Ideal
climatic conditions were recorded in August, having air temperature around 22 ◦C and
extremely sunny weather with more than 290 h of sunshine.
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Also, the lowest cloudiness of the year (34%), a small amount of precipitation (51.2 mm)
and ideal humidity (67.5%) resulted in August being the month with the highest climate
comfort (Table 7).

Table 7. Average values of climate elements for the meteorological station Veliko Gradište in
1990–2021 [46].

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Tavg 0.5 2.3 6.8 12.2 17.0 20.8 22.6 22.2 17.1 11.9 7.0 1.7
GC 0.42 0.42 0.83 1.25 1.66 2.08 2.08 2.08 1.66 0.83 0.83 0.42

Imon 68.9 99.4 160.9 196.5 236.9 268.5 302.1 291.9 205.1 157.1 93.4 58.3
GC 0.24 0.47 0.71 0.95 0.95 1.18 1.18 1.18 0.95 0.71 0.47 0.24

CCavg 71 62 56 55 53 45 38 34 47 51 61 72
GC 0.16 0.47 0.47 0.47 0.47 0.6 0.8 0.8 0.6 0.6 0.47 0.8

Psum 46.6 42.2 41.4 56.5 71.5 74.1 77.2 51.2 56.6 54.1 45.1 52.0
GC 0.59 0.59 0.59 0.47 0.35 0.35 0.35 0.47 0.47 0.47 0.59 0.47

RHavg 83.0 77.7 68.9 67.6 69.9 70.7 67.8 67.5 71.6 75.3 79.2 84.1
GC 0.14 0.14 0.29 0.36 0.29 0.22 0.36 0.36 0.22 0.14 0.14 0.14

HERCI 1.55 2.09 2.89 3.5 3.72 4.43 4.77 4.89 3.9 2.75 2.5 2.07

Comparative analysis of index results regarding monthly visits revealed a very high
Pearson’s correlation (0.91). August is the month with the highest number of tourists
(30,021) and the highest degree of climate comfort (4.89). On the other hand, January has
the lowest HERCI value (1.55) and the lowest number of visitors in the year (1667) (Table 8).

Table 8. Average monthly tourism visitations in 2019–2022 [47].

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Tourism
visitations 1667 3062 3496 9300 18,170 17,131 20,785 30,021 15,495 13,580 5768 1907
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The graph of linear regression diagram shows an obvious relationship between the
number of tourists and the obtained values of climatic comfort (Figure 3).
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The coefficient of determination for the geoheritage object, Stopića Pećina, is 0.88, while
the value for the Golubac fortress is 0.83. The results clearly show that the development of
the HERCI index is justified and that the climate comfort values are closely related to the
monthly number of tourists.

In addition to the Stopića cave, there are 13 other objects of natural and cultural
heritage in Zlatibor and the immediate surroundings, within which the results of the
HERCI index are applicable. Sites were mapped using geographic information systems
(GIS) and inventory analysis of natural and cultural objects (Figure 4).

Atmosphere 2023, 14, 1265 12 of 19 
 

 

The coefficient of determination for the geoheritage object, Stopića Pećina, is 0.88, 

while the value for the Golubac fortress is 0.83. The results clearly show that the develop-

ment of the HERCI index is justified and that the climate comfort values are closely related 

to the monthly number of tourists. 

In addition to the Stopića cave, there are 13 other objects of natural and cultural her-

itage in Zlatibor and the immediate surroundings, within which the results of the HERCI 

index are applicable. Sites were mapped using geographic information systems (GIS) and 

inventory analysis of natural and cultural objects (Figure 4). 

 

Figure 4. Sites of natural and cultural heritage in the region of Zlatibor. 

In the Zlatibor region there are five representative natural forms of geological herit-

age: the Obadovo brdo viewpoint, the Gradina viewpoint, the Stopića cave, the natural 

stone bridge in Dobroselica and the Gostilje waterfall (Table 9). All the mentioned loca-

tions are tourism spots. A large part of the mountain massif is protected as the Zlatibor 

Nature Park with an area of about 419 km2. 

Table 9. List of heritage sites in the Zlatibor region. 

Number Name Heritage 

1 Church log cabin in Jablanica Cultural 

2 Viewpoint Obadovo brdo 
Natural 

3 Viewpoint Gradina 

4 Villa of the presidency of the government 

Cultural 5 King’s drinking fountain 

6 The monument on the hill Šumatno 

7 Stopića Cave Natural 

8 Museum “Staro selo” (old village) Sirogojno 
Cultural 

9 Church of Saints Peter and Paul 

10 Natural stonebridge in Dobroselica Natural 

11 Church log cabin in Dobroselica Cultural 

Figure 4. Sites of natural and cultural heritage in the region of Zlatibor.

In the Zlatibor region there are five representative natural forms of geological heritage:
the Obadovo brdo viewpoint, the Gradina viewpoint, the Stopića cave, the natural stone
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bridge in Dobroselica and the Gostilje waterfall (Table 9). All the mentioned locations are
tourism spots. A large part of the mountain massif is protected as the Zlatibor Nature Park
with an area of about 419 km2.

Table 9. List of heritage sites in the Zlatibor region.

Number Name Heritage

1 Church log cabin in Jablanica Cultural

2 Viewpoint Obadovo brdo
Natural3 Viewpoint Gradina

4 Villa of the presidency of the government
Cultural5 King’s drinking fountain

6 The monument on the hill Šumatno

7 Stopića Cave Natural

8 Museum “Staro selo” (old village) Sirogojno
Cultural9 Church of Saints Peter and Paul

10 Natural stonebridge in Dobroselica Natural

11 Church log cabin in Dobroselica
Cultural12 The house of national hero Sava Jovanović

13 Native house of Dimitrije Tucović

14 Gostilje Waterfall Natural

A large number of different types of cultural buildings (churches, villas, fountains,
monuments and houses) are represented in Zlatibor. This combination of specific landforms
with cultural heritage offers tourists a wide choice when visiting heritage sites (Figure 5).
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In the northeastern part of Serbia, around Golubac and Veliko Gradište, a total of 18
natural and cultural objects were analyzed and mapped (Figure 6).
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As in Zlatibor, the cultural heritage around Golubac is very heterogeneous and in-
cludes archaeological sites, a power plant, a water mill, churches, houses, buildings and a
fortress (Table 10).

Table 10. List of heritage sites in the Golubac region.

Number Name Heritage

1 Archaeological site Ostrovo

Cultural

2 Saint Nicholas Church
3 The old house of Svetomir Miladinović
4 Boris Kidrič Square
5 Church of St. Archangel Gabriel
6 The building of the Veliko Gradište Municipal Assembly
7 Archaeological site Pinkum
8 Old power plant
9 Water mill of Vojislav Stefanović
10 Church of the Holy Prophet Jeremiah
11 Archaeological site Umka—Kuzmino brdo
12 The house of Jelica Stričević
13 Building in Golubac
14 The building in Veljka Dugoševića Street
15 Saint Nicholas Church
16 Milan Gajić’s old house
17 Golubac Fortress

18 Tufa accumulation near Tumane monastery Natural

The tufa accumulation near the Tumane Monastery stands out among the objects of
geological heritage (Figure 7). It is important to emphasize that Golubac Fortress is located
on the territory of a protected area—Djerdap National Park—which is also protected at the
international level within the worldwide network of geoparks of UNESCO.
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Figure 7. Tufa accumulation near Tumane monastery (a), water mill of Vojislav Stefanović (b) and
the building of the Veliko Gradište Municipal Assembly (c).

Although the HERCI index was tested for two locations, the obtained results of climatic
comfort are applicable to 32 natural and cultural monuments (14 in the Zatibor region and
18 in the Golubac region).

According to the register created by De Freitas and Grigorieva [11], today there are
more than 165 variations of climate indices. A person’s thermal comfort can be assessed by
analyzing six variables, which are divided into two groups: indoor environment (air tem-
perature, surface temperature, air velocity, humidity) and personal information (clothing
level, activity level) [74,75].

Still, when it comes to those that deal with the relationship between climate and
geoheritage, there is a gap in the literature. Several studies [76,77] have found statistical
differences based on socio-demographic factors and tourists’ place of origin across the
tourism sector. However, not all tourists are equally sensitive to the same weather condi-
tions. Tourist climate indices differ mainly in terms of the used variables, their number and
categorization.

They have in common the evaluation of the thermal component: maximum and
average temperature (TCI and OTCI) [15,24], average temperature (TCCI) [21], minimum
and maximum temperature (CCI) [22], maximum temperature (HCI) [20] and temperature
sensation (BCI) [18]. TCI and TCCI are excluded as generally applicable indices, and the
selection and evaluation of the remaining variables will depend on the type of destination
to which the index is applied. There is a need for indices that are adapted to tourism
sectors [78]. It is not enough to assume that the desired climate resources are the same for
all tourism activities. For example, [79] note that different nature-based tourism activities
(e.g., camping vs. skiing) require different climatic conditions [22].

HERCI has a concrete application in the sector of ecotourism and cultural tourism, that
is why the average air temperature was chosen as a thermal component. The Golubacka
fortress is an open type, and the air temperature of Stopića Cave depends on the outdoor
temperature. According to the obtained results, HERCI at both sites has the lowest values
in the months with the lowest air temperatures (Tables 5 and 7).

Like Mietzkowski [15], HERCI considers insolation (including cloudiness) as an aes-
thetic rather than a thermal index component. Although insolation does not directly affect
Stopića Cave, it does affect its surroundings and Zlatibor as a whole, especially for visitors
whose motive is not ski tourism. In the BCI, insolation has both aesthetic and thermal
value. Together with the air temperature, the proportion of time the sun shines during
the day creates a thermal sensation [18]. OTCI, on the other hand, excludes insolation as
a parameter due to spatial and temporal variability [24]. For this reason, HERCI is most
optimal to use for research in moderate climate areas.

Among the aforementioned indices, only the TCCI, in the assessment of the Republic
of Serbia, does not use wind as a variable. According to the authors, the average monthly
wind speed in the studied area does not significantly affect the comfort of tourists [21].
Also, this study did not use wind speed as a physical component. The reason is that wind
speed data is difficult to find. Therefore, HERCI was developed with the idea of using
widely available data.
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By applying the TCCI to 26 meteorological stations [21], it results state that the most
favorable months for tourist activities in Serbia are May, June and September with the
calculated TCCI index of 24–28, except for Kopaonik and Zlatibor, where August is more
favorable with a TCCI index of 30. The gradation applied by And̄elković ranges from 0 to
40, and the most favorable months are those with a value between 20 and 30. Using the
HERCI coefficient, we found that August in the Stopića Cave stands out as the month with
the highest climate comfort and calculated index of 4.7, while at the Golubac Fortress, June
is the most favorable, which also agrees with And̄elković’s results.

This manuscript investigates the relationship between the number of visitors per
month and the climate comfort of tourists in geoheritage and cultural heritage sites. In
tourism, the number of visits does not depend exclusively on climate conditions, but
the results show a high degree of correlation between HERCI and visits to both localities
(Figures 3 and 4). And̄elković et al. examined the correlation between the number of tourists
and TCCI in three locations in Serbia and obtained lower coefficients of determination
(Belgrade—0.73; Zlatibor—0.09; Vrnjacka Banja—0.69).

The HCI index applied by Hejazizadeh [20] uses a rating scale from 0 to 100, and for
the threshold of favorability, it uses a score of 50; the higher the coefficient, the greater
is the favorability. May stands out as the most favorable month with a score of 92; the
other months are marked as very good to ideal months for tourism, among which October,
September, April and January stand out with the worst score for tourists (56). In this study,
the HCI index was applied to the area of different climatic conditions. Still, it is one of
those that can also serve for a better understanding and valorization of ecotourism. In the
future, a comparative analysis of the HCI and HERCI indices can be performed, which
would demonstrate its precision and applicability.

4. Conclusions

Human health, well-being and optimal comfort are a result of the complex influence
of natural and anthropogenic factors, of which climate is one of the most important. This
study evaluated climatic conditions in the western and northeastern parts of Serbia using
meteorological data from 1990–2021. By applying five criteria and their hierarchy by
priority, the HERCI index was developed. Wind speed is not included in the HERCI
method due to the absence of precise data. The limitation is due to significant microclimatic
and geomorphological differences between the studied areas and an insufficient number
of meteorological measurements. Climate parameters are determined by intervals and
grades from one to five, where grade five indicates very favorable climatic comfort. The
results showed that climate comfort conditions obtained by the HERCI index correlate very
highly with monthly visits to Stopića Cave and Golubac Fortress. In addition to the two
sites studied, the HERCI index is applicable to another 30 natural and cultural objects in
Zlatibor and the surroundings of Golubac.

Although the two protected areas differ significantly in elevation and climate con-
ditions, the HERCI index mitigates regional climatic differences. Under conditions of
a temperate continental climate and readily available data, the HERCI index represents
an improvement that will be useful for predicting future interactions of ecotourism and
cultural tourism with climate change [80–82]. Information on climate comfort on a monthly
basis before travel can increase the number of tourists and help them better prepare for their
vacations. In addition to climate comfort studies, future researchers should aim to study
the interaction between natural and socioeconomic factors, i.e., the inclusion of market-
based factors. The methodology used and the results obtained will be a starting point
for studying climate comfort in other protected areas worldwide where similar climatic
conditions prevail.

Author Contributions: Conceptualization, U.D.; methodology, U.D.; software, A.V.; validation, T.L.,
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