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Abstract

Saline habitats of the Pannonian plain are specific regarding their extraordinary biodiversity with many 
endemic species, yet they are among the most threatened European communities with limited spatial 
distribution. These habitats are present in the Autonomous Province of Vojvodina in the north of Ser-
bia, in the area of Srednja Mostonga, and they are in the procedure of protection as the II category pro-
tected area - “region of exceptional characteristics”. Great variety of rare and endemic species makes 
this area interesting for recreational and educational activities. In this paper we investigate microme-
teorological and outdoor thermal comfort conditions in different natural environments at the area of 
Srednja Mostonga. This is the first micrometeorological field measurement study conducted in this re-
gion. Measurements were performed during the daytime of a sunny autumn day in 2019. The results 
showed that daytime air temperature was up to 3.4 °C lower in forest compared to steppe, while rel-
ative humidity was up to 5-6% higher in forest than in steppe with up to 3.2 m/s lower wind speeds in 
forest than in steppe area. Micrometeorological values were similar between forest-steppe and steppe. 
However, the outdoor thermal comfort conditions expressed via Humidex showed that ‘some discom-
fort’ was most often observed in forest-steppe during 27% of measurement time, followed with 13% of 
‘some discomfort’ observed in steppe and only 1% of ‘some discomfort’ was observed in forest. Accord-
ingly, during the warmest daytime hours outdoor activities could be performed in forest, while early 
morning and evening hours could be spent in steppe and forest-steppe areas of Srednja Mostonga.
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Introduction

Saline habitats such as saline steppes and marshes of 
Pannonian plain in Serbia are strongly impacted by 
Pannonian climatic conditions characterized by ex-
treme temperatures and aridity in summer. These 
areas are characterized by lower salt content, but 

higher alkalinity, and they have been present in the 
Carpathian Basin since the last Ice Age. These habi-
tats have specific vegetation, with salt resistant plants, 
and they occur only in a few other countries in Eu-
rope (e.g. Hungary, Austria, Bulgaria, Romania, Slo-
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vakia). They are considered to be among the most 
threatened European communities, due to their limit-
ed geographical distribution. Molnár et al. (2012) pre-
dicted transformation and fragmentation of saline 
habitats in Hungary, as well as decline of their resil-
ience and recovery potential. Even though alkali plant 
communities are relatively poor regarding the species, 
their combinations are very specific and diverse. Sa-
line habitats with their mosaic structures give the ba-
sis for extraordinarily rich flora and fauna, which con-
tain endemic species (Šefferová Stanová et al., 2008). 

Even though saline habitats are of great importance 
and should be priority areas for protection as recom-
mended by the European Union (e.g. Directive 92/43/
EEC), that wasn’t the case in Serbia until recently. In 
Vojvodina Province in northern Serbia, especially in 
Bačka region, there are large, yet fragmented areas of 
saline habitats (e.g. saline steppes, forest-steppes, for-
ests) with rare and endemic wild species of national 
and international importance. Therefore, Institute for 
Nature Conservation of Vojvodina Province initiated 
protection of “Srednja Mostonga”, as the natural area 
of II (second) category - region of exceptional charac-
teristics (IUCN Category V: Protected Landscape/Sea-
scape). Parts of the area of “Srednja Mostonga” have 
been singled out as an International Important Plant 
Area (IPA) and International Important Bird Area 
(IBA), as stated by the Ministry of Environment of the 
Republic of Serbia.

The main reasons for this initiative are many issues 
threatening saline habitats such as: agricultural ac-
tivities, forest degradation, littering as well as climate 
change which affects fragile habitats like these. On 
the other hand, the conservation of the saline habitats 
could contribute to a number of positive activities and 
be beneficial for surrounding local communities. Pro-
tection initiatives are important for realization of sus-
tainable tourism goals (Stojanović et al., 2018). Rare 
and endemic wild species which are international-
ly recognized (IPA and IBA areas) make this area in-
teresting for ecotourism, which focuses on education-
al, cultural and community beneficial activities (Šiljeg 

et al., 2019). Since touristic activities based on natu-
ral resources often mean spending a great amount of 
time outdoors, they are strongly dependent on cli-
matic conditions (Mihăilă & Bistricean, 2018), and 
comfortable climatic conditions could enhance them. 
Scott et al. (2011) emphasized the importance of the 
climate conditions for the tourism sector, both desti-
nation management and visitors. Basarin et al. (2014) 
analyzed bioclimate of two special nature reserves in 
Serbia based on measurements from nearby stations 
and came to similar conclusions.

Measurements of microclimatic conditions in dif-
ferent natural saline habitats aims to contribute to 
the micrometeorological and outdoor thermal com-
fort assessment in order to make suggestions about 
the most suitable period for exploring or visiting 
these areas. The most important meteorological pa-
rameters influencing human outdoor thermal com-
fort are: air temperature, humidity, wind speed and 
global radiation. Combining the effect of air temper-
ature and humidity on humans can be assessed with 
thermal comfort indices, such as Humidex (Master-
ton & Richardson, 1979). This index was used to ana-
lyse thermal comfort conditions in numerous natural 
and urban areas (Błażejczyk & Twardosz 2010; Orosa 
et al., 2014; Ramezani & Fallahzadeh, 2014; Mekis et 
al. 2015; Tahbaz, 2018; Geletič et al. 2018; Garcia, 2019), 
due to its higher accessibility of input data when com-
pared to other indices. 

The main aims of this paper are threefold. First-
ly, we wanted to perform the first field micrometeor-
ological measurements in various natural environ-
ments of Srednja Mostonga consisting of saline steppe, 
forest-steppe and forest environments. Secondly, we 
wanted to investigate micrometeorological conditions 
and outdoor thermal comfort in their natural envi-
ronments during a clear and sunny autumn day. And 
thirdly we wanted to assess and quantify microme-
teorological and outdoor thermal comfort differenc-
es between saline steppe, forest-steppe and forest as 
the basis for sustainable natural protection and tour-
ism activities.

Study area, data and methods

Study area
Srednja Mostonga (3,131 ha) is located in the northern 
part of Serbia (Vojvodina Province) on the territory 
of three municipalities: Apatin, Sombor and Odžaci. 
This area is highly influenced by saline soils due to 
high groundwater levels and continental climate. For 
this exact reason, the area of Srednja Mostonga has 
never been plowed in the past. The natural habitats 
are well preserved throughout this area unlike its sur-

roundings where such features are permanently lost. 
Therefore, Srednja Mostonga has been proposed for 
protection based on the conservation study, which 
was written in 2018 by the experts of Institute for Na-
ture Conservation of Vojvodina Province.

There are 27 habitats of high priority protection in 
the area of Srednja Mostonga. Next, 17 habitats are 
within the priority NATURA 2000 international-
ly significant habitats (Conservation study, 2018). In 
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the triangle of the villages of Srpski Miletić, Bogoje-
vo, Karavukovo – Donjaslatina location, there is a rel-
atively small area characterized by more of habitats, 

ranging from saline to oak forests on the saline soils 
(Figure 1).

General long-term climate characteristics of the 
area of Srednja Mostonga can be assessed with data 
from meteorological station of Sombor (45° 46’ N 19° 
09’ E, 88 m a.s.l.). This is the closest official meteor-
ological station to the area of interest (25.3 km away). 
Unfortunately, there is no permanent meteorological 
station deployed in Srednja Mostonga area, which is a 
drawback if we want to access the climate change ef-
fects in this protected natural area in the future. For-
tunately, Sombor meteorological station is located in 
a natural surroundings bordering the suburban area. 
This region has a Cfb climate (temperate climate, fully 
humid, and warm summers, with at least four Tmon ≥ 
+ 10 °C), according to the Köppen-Geiger climate clas-
sification (Kottek et al. 2006). The mean monthly air 
temperature ranges from −0.1 °C in January to 21.9 °C 
in July. The mean annual precipitation is 612 mm (Fig-
ure 2). Average wind speeds are from 1.7 m/s for SSW 
direction to 3.1 m/s for N direction. Data is obtained 
from Republic Hydrometeorological Service of Serbia 
for the 1981-2020 period.

We have performed the first micrometeorological 
measurements in Srednja Mostonga. The measure-
ments were performed during a clear and sunny day 
of 21st October 2019 which could be representative of 
an ideal day for touristic activities in the area. Octo-
ber is characterized by decrease in precipitation and 
increase in relative humidity with average maximum 
temperatures (Tmax) reaching 18.1 °C (Figure 2) and 

Figure 1. A range of habitats in „Srednja Mostonga“: saline 
steppe, forest steppe and oak forest on the saline soils

Photo: V. Stojanović
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Figure 2. Climate data from Sombor meteorological station for the normal climatological period 1981-2010. Data 
obtained from Republic Hydrometeorological Service of Serbia. NOTE: Black rectangle shows the month in which we 

have performed measurements
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this month could be ideal for tourism (Eslami & Ti-
randaz, 2011) due to comfortable air temperature dur-
ing the midday hours with lower Tmax.

Data and Methods
For the present study, we have performed field micro-
meteorological measurements at three locations: sa-
line steppe, forest-steppe and forest (Figure 3). The 
measurement campaign started at about 10:00 AM 
and lasted until about 3:30 PM on a clear and sun-
ny autumn day (21st October 2019). We have select-
ed morning and midday hours to perform the meas-
urements because during these hours with low wind 
speeds and lack of cloud cover, specific micrometeor-

ological conditions in each investigated environment 
can be expected to develop and prevail. Furthermore, 
outdoor activities in this area are generally performed 
during the selected hours.

We used three mobile Kestrel 5400 Heat Stress 
Trackers (Figure 4) to measure air temperature (Ta), 
relative humidity (RH), wind speed (v) and globe tem-
perature (Tg) with one-minute measurement resolu-
tion. The measurements were performed at approxi-
mately 1.1 m height representing the center of gravity 
of the human body for standing subjects (ISO 7726 
1998). The accuracy of instruments comply with ISO 
7726 (1998) standards for sensor measurement range 
and accuracy (Table 1). In further analysis we used Ta, 

Figure 3. Measurement sites in Srednja Mostonga (Serbia) with the position  
of stations in saline steppe, forest-steppe and forest on 21st October 2019

Figure 4. Instrumental set-up of the meteorological stations in: saline steppe,  
forest-steppe and forest (from left to right)

Photo: V. Stojanović
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RH and v data and omitted Tg due to numerous miss-
ing values. We have analyzed data from 11 AM to 3 
PM, and omitted the first 30 to 45 minutes of measure-
ments due to the acclimatization of the instruments. 
The recorded values were averaged at 5-min intervals 
and used in the further analysis.

Based on Ta and RH, we have calculated Humidex, 
a biometeorological and outdoor thermal comfort in-
dex, developed by Masterton and Richardson (1979). 
The advantage of using this index is that only two me-
teorological elements are needed for calculation mak-
ing the index widely understood by the public. The 
disadvantages are that wind speed and mean radiant 
temperature are not included in the calculation.

Humidex (H) calculation was based on the Master-
ton and Richardson (1979) formula: 

H =TAIR +
5
9
⋅ 6.112 ⋅10

7.5⋅TAIR
237.7+TAIR ⋅ rH

100
−10

⎛

⎝⎜
⎞

⎠⎟

However, the calculation procedure itself was per-
formed in Excel using formula transcribed by Vy-
soudil et al. (2016):

H =
POWER 2.71828,23.58− 4044.2

235.6+Tair
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The range of Humidex values and the associated de-
gree of comfort is given in Table 2. It can be seen that 
there is no discomfort when Humidex is less than 29. 
If Humidex is from low 30s to high 30s, certain types 
of outdoor exercise could be performed at a slower 
pace or modified, depending on the age and health of 
the individual, physical condition, clothes character-
istics, and other weather conditions. Great discom-
fort with possible dangerous health consequences can 
happen when Humidex values are above 40. All un-
necessary activities should be stopped in such condi-
tions (McGregor et al., 2015).

Table 2. Humidex values and degrees of comfort

HUMIDEX values Degree of comfort

Less than 29 no discomfort

30 to 39 some discomfort

40 to 45 great discomfort, avoid exertion

Above 45 dangerous

Above 54 heatstroke imminent 

Results and discussion

We have observed micrometeorological differences 
between saline steppes, forest-steppes and oak for-
est in Srednja Mostonga region during the sunny au-
tumn day. The highest Ta are noticed in more open 
areas of forest steppe and steppe, while the lowest Ta 
are observed in oak forest, as expected (Table 3). Al-
though the forest area is small and it is a fragment of 
previously much larger forested area, it is still able 
to lower Ta up to 3.4 °C (Figure 5) when compared to 
steppe area during the afternoon hours. Similar re-

sults were obtained by Erdős et al. (2014) in southern 
Hungary. Differences in mean Ta between forest and 
forest-steppe are 1.3 °C. On the contrary, small Ta dif-
ferences (< 0.5 °C) are obtained between forest-steppe 
and saline steppe (Figure 5). This is because the for-
est-steppe is more similar to steppe than to forest area, 
because it does not contain trees, yet higher and low-
er grass species. It is discussed among the research-
ers that altered microclimatic conditions within the 
forest patches (Tuff et al. 2016) and forest fragmenta-

Table 1. Sensor specifications for Kestrel 5400 Heat Stress Tracker used for the micrometeorological measurements

Sensor Accuracy (+/-) Resolution Range Notes

Air 
temperature

0.5 °C 0.1 °C -29.0 to 
70.0 °C

Airflow of 1 m/s or greater provides fastest response and 
reduction of insolation effect. For greatest accuracy, avoid 
direct sunlight on the temperature sensor and prolonged 
sunlight exposure to the unit in low airflow conditions.

Relative 
humidity

±2%RH 0.1 %RH 10 to 90% 
25°C non-
condensing

To achieve stated accuracy, unit must be permitted to 
equilibrate to external temperature when exposed to large, 
rapid temperature changes and be kept out of direct sunlight. 
Calibration drift is typically less than ±0.25% per year.

Wind speed Larger of 3% of read-
ing, least significant 

digit or 20 ft/min

0.1 m/s 0.6 to 40.0 
m/s

25 mm diameter impeller with precision axle and low-
friction Zytel® bearings. Startup speed stated as lower 
limit, readings may be taken down to 0.4 m/s
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tion is an important driver of biological impoverish-
ment worldwide (Haddad et al. 2015). Due to that, it is 
important to preserve, improve and responsibly man-
age small forest fragments in Srednja Mostonga in or-
der to save and improve its biodiversity and usage in 
the future. In order to do it, we need more measure-
ment campaigns of air temperature and other param-
eters in fragmented forests, which was rarely done be-
fore (Arroyo-Rodríguez et al. 2017).

Highest RH is noticed in the forest as the most veg-
etated and “coldest” measurement location, while RH 
was lowest in forest steppe (Table 3). Maximum RH 
differences were up to 5-6% between steppe and two 
other locations (Figure 6). Similar results were ob-
tained by Chen et al. (1993) and Magnago et al. (2015) 
who pointed out that relative humidity was lower at 
forest edges compared to the forest interior. This can 
be problematic because the combination of lower hu-
midity and increased air temperatures can contribute 
to tree mortality at forest edges (Kapos, 1989; Laur-
ance et al. 2001) and this should be taken into account 
when managing Srednja Mostonga region.

The measurement day was characterized by low 
wind speeds at all three locations (Table 3). The v was 
highly variable, yet the wind averaged over measure-
ment period followed the pattern with the highest v 
in steppe and the lowest in forest. Forest-steppe had 

higher v compared to forest, and values were simi-
lar as in steppe. The largest differences were obtained 
between steppe and forest with up to 3.2 m/s higher 
v in steppe (Figure 7). Similar results were obtained 

Figure 5. Air temperature differences between stations in steppe, forest-steppe and forest  
in Srednja Mostonga on 21st October 2019

Table 3. Statistical characteristics of Ta, RH, v and Humidex 
at three measurement locations in Srednja Mostonga 
during 21st October 2019 (period 11 AM to 3 PM)

Station Ta RH v Humidex

Average values

I saline steppe 24.8 50.2 2 27.9

II forest steppe 25.3 48.4 1.5 28.4

III forest 24.0 50.4 0.6 26.7

Max. values

I saline steppe 29.3 59.6 3.9 32.7

II forest steppe 29.4 59 3.5 33.2

III forest 27.4 61.4 1.7 30.4

Min. values

I saline steppe 20.5 38.4 0 22.7

II forest steppe 20.7 37.3 0 23.1

III forest 19.6 41.3 0 21.8

St. Deviation

I saline steppe 2.1 6.4 0.7 2.1

II forest steppe 2.2 6.1 0.7 2.3

III forest 2.0 5.8 0.4 2.2
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Figure 6. Relative humidity differences between stations in steppe, forest-steppe and forest  
in Srednja Mostonga on 21st October 2019

Figure 7. Wind speed differences between stations in steppe, forest-steppe and forest  
in Srednja Mostonga on 21st October 2019
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by Davies-Colley et al. (2000) who pointed out that 
v was higher in pasture than in forest with the ratio 
of wind in forest to that in pasture (Mean ± SE) av-
eraged 10 ± 3% in summer. Schindler et al. (2012) no-
ticed that the interactions between airflow and trees 
and forest stands are quite diverse and include the re-
duction in near surface wind speed and production 
of turbulence by trees. As a consequence, near-sur-
face wind conditions affect physiological processes in 
trees, their growth and survival (Ennos 1997; Eugster 
2008). Accordingly, it is important to study the inter-

actions between wind and forests in order to preserve 
its health and ecosystems services.

Analysis of the outdoor thermal comfort with the 
usage of Humidex showed that its lowest values are 
in the forest making it the most comfortable area for 
human activities (Table 3, Figure 8). On the contrary, 
forest-steppe and steppe have higher Humidex values. 
Forest-steppe location had on occasions Humidex val-
ues higher by 5 degrees compared to forest and steppe 
(Figure 8). Furthermore, some discomfort (Humidex 
between 30 and 39) was noticed during 13% of meas-

Figure 9. Humidex differences between stations in steppe, forest-steppe and forest  
in Srednja Mostonga on 21st October 2019

Figure 8. Humidex values in saline steppe, forest-steppe and forest  
in Srednja Mostonga on 21st October 2019 (period 11 h – 15 h)
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urement time in steppe and 27% in forest-steppe mak-
ing them less comfortable areas for outdoor touristic 
activities. In contrast, only 1% of measurement time in 
forest was characterized by some discomfort (Figure 
9). Similarly, Kamoutsis et al. (2007) noticed that for-
est areas had a more comfortable climate with more 
frequent occurrence of “comfortable” weather com-
pared to the nearby urban area. Even in the urban are-
as, high green coverage and low sky view factor lead to 
lower Humidex values (Charalampopoulos et al. 2013). 

These results are important when planning tourist 
activities in these diverse natural areas. For example, 
during the warmest daytime hours touristic activi-
ties should be performed in forest, while early morn-
ing and evening hours (Figure 8) should be spent in 
steppe and forest-steppe. Although Humidex does not 
incorporate wind speed and mean radiant tempera-
ture into thermal comfort and heat stress assessment, 
its simplicity makes it easier to use by numerous prac-
titioners which is an advantage when compared to 
other more complex indices.

Conclusions

The area of Srednja Mostonga, soon to be protected 
as the “region of exceptional characteristics”, with its 
specific vegetation represents rather rare and signifi-
cant habitat for the number of species. Since this area 
consists of rather vulnerable habitats, activities of any 
kind must be well planned and properly managed. In 
order to provide useful information for both destina-
tion management and interested visitors, we conduct-
ed initial measurements of microclimatic conditions 
in the area of Srednja Mostonga. Microclimatic meas-
urements were performed in three different types of 
saline habitats (saline steppe, forest-steppe and forest) 
due to their different vegetation structure which af-
fects microclimatic conditions. 

The results of the initial short-term measurements 
showed that there are certain differences between mi-
croclimatic conditions in three different sites, even 
though the measurement stations were located at rel-
atively short distance. Vegetation structure influenc-
es differences in air temperature, relative humidity 
and wind velocity, which affects thermal comfort. At 
the same time microclimatic conditions are affecting 
fragile saline species and habitats, by determining 
their ecological valences. Nature based recreation-
al, educational and touristic activities require com-
fortable outdoor thermal conditions. In this study 
we used Humidex index for outdoor thermal com-
fort assessment. The results of outdoor thermal com-
fort assessment showed that the most comfortable 

thermal conditions are in the forest area during the 
entire measurement period, while the values of Hu-
midex showed slight discomfort in saline steppe and 
forest-steppe areas in the afternoon warmest hours. 
Maximum Humidex values show up to the 2.8 de-
grees difference between forest (30.4), saline steppe 
(32.7) and forest-steppe areas (33.2). This information 
indicates that the activities in the investigated sights 
should be organized according to the most comfort-
able period of the day. For example, in the morn-
ing hours thermal conditions are more favorable at 
steppes and forest-steppes, and during the warmest 
period of the day, the conditions are more comfort-
able in the forest. 

Micrometeorological measurements of this kind 
provide valuable information for tourism zoning and 
visitors distribution according to the most comforta-
ble hours of the day, which contributes to sustainable 
management of tourism activities. Since this study is 
the first micrometeorological field measurement con-
ducted in this region, even though it was a short-term 
measurement, it gave important insights into micro-
meteorological differences between different natu-
ral environments. In order to contribute to long-term 
strategic planning of the activities and their sustaina-
ble management, longer measurements during differ-
ent seasons, measurement of nighttime meteorolog-
ical values and soil temperatures (e.g. Lehnert et al., 
2015) would be beneficial.

Figure 10. Frequency (%) of Humidex values above 30 
representing at least some discomfort in steppe, forest-
steppe and forest in Srednja Mostonga on 21st October 
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