INTERNATIONAL SCIENTIFIC JOURNAL

Volume 24, Issue 3 (September 2020)

UNIVERSITY OF NOVI SAD, FACULTY OF SCIENCES
DEPARTMENT OF GEOGRAPHY, TOURISM AND HOTEL MANAGEMENT



UNIVERSITY OF NOVI SAD | FACULTY OF SCIENCES
DEPARTMENT OF GEOGRAPHY, TOURISM & HOTEL MANAGEMENT

INTERNATIONAL SCIENTIFIC JOURNAL

GRAPHICA
NNONICA

Volume 24, Issue 3, September 2020

ISSN 0354-8724 (hard copy) | ISSN 1820-7138 (online) | UDC 05:91(497.1)=20



ISSN 0354-8724 (hard copy) | ISSN 1820-7138 (online) | UDC 05:91(497.1)=20

INTERNATIONAL

GEOGRAPHICA

UNIVERSITY OF NOVI SAD | FACULTY OF SCIENCES | DEPARTM

EDITOR IN CHIEF

Lazar Lazi¢, lazarus@uns.ac.rs

EDITORS
Jasmina Pordevi¢, jasminadjordjevic@live.com
Imre Nagy, nagyi@rkk.hu

S C

Milka Bubalo Zivkovi¢, milka.bubalo.zivkovic@dgt.uns.ac.rs

Aleksandra Dragin, sadragin@gmail.com
Mladen Jovanovi¢, mladjenov@gmail.com
Minucer Mesaro$, minucher@gmail.com

TECHNICALEDITOR
Dragan MiloSevi¢, dragan.milosevic@dgt.uns.ac.rs
Jelena Duniji¢, dunjicjelenal@gmail.com

EDITORIAL BOARD

Slobodan B. Markovi¢
University of Novi Sad
Faculty of Science
Novi Sad, Serbia

Tobias Heckmann

Department of Geography, Fhysical Geography
Catholic University Eichstaett-Ingolstadt
Eichstatt, Germany

Petru Urdea

West University of Timisoara
Department of Geography
Timisoara, Romania

Tamas Weidinger

Eotvos Lorand University

Institute of Geography and Earth Science
Department of Meteorology

Budapest, Hungary

Marko Krevs

University of Ljubljana

Faculty of Art, Department of Geography
Ljubljana, Slovenia

™M C JOURNAL

NONICA

T OF GEOGRAPHY, TOURISM & HOTEL MANAGEMENT

Konstantinos Andriotis
Middlesex University
London, United Kingdom

Michael Lehnert

Palacky University Olomouc

Faculty of science, Department of Geography
Olomouc, Czech Republic

Szabé Szilard

University of Debrecen

Department of Physical Geography and Geoinformatics
Debrecen, Hungary

Tajan Trobec

University of Ljubljana
Department of Geography
Ljubljana, Slovenia

Cretan Remus

West University of Timisoara
Department of Geography
Timisoara, Romania

Il | Geographica Pannonica * Volume 24, Issue 3, 168-243 (September 2020)



ADVISORY BOARD

Ulrich Hambach

Geowissenschaften Universitat Bayreuth
LS Geomorphologie

Bayreuth, Germany

Milivoj Gavrilov
University of Novi Sad
Faculty of Science
Novi Sad, Serbia

Matej Ogrin

University of Ljubljana
Department of Geography
Ljubljana, Slovenia

Nina Nikolova

“St. Kliment Ohridski” University of Sofia
Faculty of Geology and Geography
Department of Climatology, Hydrology and
Geomorphology

Sofia, Bulgaria

Zorana Luzanin
University of Novi Sad
Faculty of Science
Novi Sad, Serbia

Damir Demonja

Institute for Development

and International Relations, IRMO,
Zagreb, Croatia

Praveen Kumar Rai
Banaras Hindu University
Department of Geography
Varanasi, India

Petr Simacek

Palacky University Olomouc

Faculty of science, Department of Geography
Olomouc, Czech Republic

Ivana BajSanski

University of Novi Sad
Faculty of Technical Sciences
Novi Sad, Serbia

Ondrej Slach

University of Ostrava

Department of Human Geography and Regional
Development (Faculty of Science)

Ostrava, Czech Republic

EDITORIAL OFFICE
Faculty of Sciences

tel. +38121 450-105
fax +38121459-696

CONTACTS

Official mail of the Journal
gpscijournal@dgt.uns.ac.rs

Internet portal

Instructions to authors

Official site: www.dgt.uns.ac.rs

Lazar Lazi¢, PhD, full professor
Department of Geography, Tourism and Hotel Management, Serbia, lazarus@uns.ac.rs

Dragan Milosevi¢, teaching assistant
Department of Geography, Tourism and Hotel Management, Serbia, dragan.milosevic@dgt.uns.ac.rs

www.dgt.uns.ac.rs/pannonica.html

www.dgt.uns.ac.rs/pannonica/instructions.htm

Department of Geography, Tourism and Hotel Management
Trg Dositeja Obradovica 3, 21000 Novi Sad, Serbia

Geographica Pannonica * Volume 24, Issue 3, 168-243 (September 2020) | Il




Contents

Dogukan Dogu Yavasli

Spatio-temporal Variations of Tropospheric Nitrogen Dioxide
in Turkey Based on Satellite REMOLE SENSING .......cviiiiiriiiririree et 168

DOI: 10.5937/gp24-25482

Dragan D. Milosevi¢, Jelena Dunji¢, Vladimir Stojanovic

Investigating Micrometeorological Differences between Saline Steppe, Forest-steppe
and Forest Environments in Northern Serbia during a Clear and Sunny Autumn Day ..........ccooecvrcncneneenennnn. 176

DOI: 10.5937/gp24-25885

Radoslav Klamar, Jan Kozori, Monika Ivanova

Regional Inequalities in the Visegrad Group Countries, Serbia and Croatia ........c.ccoveveneurinneinenencnencenes 187
DOI: 10.5937/gp24-26038

Tamas Hardi, Gabriela Repaska, Jan Veselovsky, Katarina Vilinova

Environmental Consequences of the Urban Sprawl in the Suburban Zone of Nitra.
An Analysis Based 0N LandCoVer Data.........c..cocuiiiiiiiniiiinereeieieie ettt 205

DOI: 10.5937/gp24-25543

Bojan Radojevi¢, Lazar Lazi¢, Marija Cimbaljevic

Rescaling Smart Destinations —
The Growing Importance of Smart Geospatial Services during and after COVID-19 Pandemic.........cccocvvunee. 221

DOI: 10.5937/gp24-28009

Mauricio Carvache-Franco, Allan Perez-Orozco, Orly Carvache-Franco,
Ana Gabriela Viquez-Paniagua, Wilmer Carvache-Franco

The Perceived Value in Ecotourism Related to Satisfaction and Loyalty: a Study from Costa Rica.................... 229
DOI: 10.5937/gp24-25082

IV | Geographica Pannonica * Volume 24, Issue 3, 168-243 (September 2020)



ISSN 0354-8724 (hard copy) | ISSN 1820-7138 (online)

Spatio-temporal Variations
of Tropospheric Nitrogen Dioxide
in Turkey Based on Satellite Remote Sensing

Dogukan Dogu Yavasli*
Received: February 29, 2020 | Revised: May 14, 2020 | Accepted: May 25, 2020
doi: 10.5937/gp24-25482

Abstract

The satellite observations of NO2 acquire the total tropospheric column over an area while the current
ground observations lack spatial and temporal coverage. In this study the Dutch Ozone Monitoring In-
strument (OMI) NO2 (DOMINO) data product v2.0 for 2004 — 2019 period was used to analyze the
spatial and temporal variations of NO, in Turkey. Considering the seasonality characteristics of NO,,
we have used pixel based Seasonal Kendall (S-K) test to investigate the trend of the change. The high-
est values of NO, has been found at the metropolitan areas and perimeter of the high capacity power
plants in the observed period. The monthly average concentrations of NO, are higher in winter months
due to the higher demand of heating and power usage. The S-K trend test results indicate a statistically
negative trend at the largest cities such as Istanbul, Ankara and Izmir. However statistically significant
positive trend has been found in some areas and Syrian border provinces in particular. Our results show
that there is an abrupt change by 2011 in the tropospheric NO2 concentrations, same period when the
first Syrian refugees have arrived after the political disorder. The dramatic change at the emission land-
scape of the NO2 in the region can be explained by changes in population concentration due to politi-

cal circumstances.

Keywords: NO,; OMI; DOMINO data; Seasonal Kendall; Turkey

Introduction

Nitrogen oxides (NOy) (nitrogen monoxide and ni-
trogen dioxide) forms at high temperatures that can
cause molecular nitrogen in the atmosphere to re-
act with oxygen. At room temperatures nitrogen and
oxygen do not react each other. Therefore, forma-
tion of NOy can originate naturally from lightning
strikes and forest fires or with anthropogenic activi-
ties such as burning fossil fuels at high temperatures.
Large amounts of NOy are produced by anthropogen-
ic activities firstly in the form of NO, then it is rapidly
transformed in to NO, by reaction with ozone (Castel-
lanos & Boersma, 2012). The total global anthropogen-
ic emissions of NOy are roughly 122 Mt/year howev-
er due to short atmospheric lifetime (approximately

hours) the concentrations are highly variable in time
and space (Crippa et al., 2018).

The effects of high NO, levels to health mainly con-
sists of respiratory problems such as coughing, diffi-
culty in breathing, wheezing, colds, flu and bronchitis
that makes NO, is one of the primary pollutants. On
the other hand, NO, provides a contributing compo-
nent for secondary pollutants by forming ozone (O,)
with releasing oxygen atoms when exposed to sun-
light (Kharol et al., 2015).

The measurement of atmospheric NO, is tradition-
ally established with ground station data. However,
air quality stations lack of temporal and spatial cover-
age, particularly in developing countries such as Tur-
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key. Conversely, remote sensing data provide data for
areas without a ground station and more importantly
has retrospective view.

The satellite observations of NO, acquire the total
tropospheric column over an area whereas air quali-
ty stations measure its concentration near the ground.
Leaving aside lightnings and air transportation, the
major sources of NO, is located at the land surface
and therefore the NO, detected by satellites mostly
originate from atmospheric boundary layer (Richter
et al, 2005).

The first monitoring of NO, at troposphere have
started with Global Ozone Monitoring Experi-
ment (GOME) on European Remote-Sensing Satel-
lite-2 (ERS-2) satellite in 1995 and it continued with
SCanning Imaging Absorption spectroMeter for At-
mospheric CHartographY (SCIAMACHY) in 2002,
Ozone Monitoring Instrument (OMI) aboard Aura
satellite in 2004, GOME-2 in 2007 and TROPOspher-
ic Monitoring Instrument (TROPOMI) on board
the Copernicus Sentinel-5 Precursor satellite in 2017.
Among these, OMI has been observing the atmos-
pheric NO, daily since late 2004 at spatial resolution
of 13 x 24 km at nadir view increasing in size to 24 x 135
km for largest view angles.

Recently, various studies have been carried out on
the satellite observations of tropospheric NO, col-
umns. For instance, Richter et al. (2005) presented the
tropospheric column amounts of NO, obtained from
GOME and SCIAMACHY for the period 1996-2004.
They have found a significant decrease in Europe
and USA with a 50% increase in the industrial are-
as of China. The NO, concentration decrease in Eu-
rope has also been noted by Castellanos and Boersma
(2012) between the years 2004 and 2010. Their regres-
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sion models show that most of the metropolitan are-
as in Europe have a decrease around 20% according
to the OMI satellite data. The increase in tropospher-
icNO, concentrations in China has also been noted by
Schneider and Van Der A (2012). Their calculations of
SCIAMACHY data indicate that the trend in China
is between 4 - 19.7 x 10"° molecules/cm” per year and
there is a strong agreement of NO, concentrations at
Europe and USA. On the other hand, a more recent
study has found that there is a 6% decrease at NO, lev-
el at China after 2011 according to the OMI data (Irie
et al.,, 2016). Similar results have been found by Cai et
al. (2018) for Chengdu-Chongqing Economic Zone in
China. Their results indicate high NO, concentrations
in the northwest of Chengdu and southeast of Chong-
ging with an inflection point towards a decrease in
the year 2011. The change in the tropospheric NO,
can sometimes be abrupt. For instance, Lelieveld et
al. (2015) have found that economic crisis and armed
conflicts have urgently shifted the NO, emissions in
the Middle East. These studies have shown that tropo-
spheric NO, concentrations are not only controlled by
emission policies to improve air quality but also eco-
nomic, industrial and other human controlled activ-
ities.

Although there are various inventories at glob-
al and regional scale and they commonly use regres-
sion models for trend analysis, the examination of
the trends of the tropospheric NO, has never been
made for Turkey. Here, we analyze the tropospheric
NO, over Turkey for the period 2004-2019 using OMI
data. We present the spatial distribution characteris-
tics of NO, as well as the temporal change over time
by a novel approach of using Seasonal Kendall test for
each pixel.

The DOMINO v2.0 dataset of European Space Agen-
cy (ESA) Tropospheric Emission Monitoring Internet
Service (TEMIS; www.temis.nl) based on the OMI or-
bits has been used in this study. DOMINO is a post-
processing level 2 data set of OMI, providing geo-
physical information for each ground pixel observed
by the instrument. The NO, retrieval algorithm of
DOMINO dataset consists of three stages: using Dif-
ferential Optical Absorption Spectroscopy (DOAS) to
obtain NO, slant columns from the OMI reflectance
spectra, separating the stratospheric and tropospher-
ic contribution to the slant column and converting the
tropospheric slant column to a vertical column with
the tropospheric air mass factor (AMF) (Boersma et
al., 2011). Monthly averages as a unit of 10> molecules/
cm, have obtained from TEMIS and converted to 10"
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molecules/cm? The data is filtered with 30% cloud ra-
diance fraction. The dataset includes October 2004 —
October 2019 period. The annual averages have been
calculated using 12-month calendar year data. The
monthly, seasonal and whole period averages have
been used to acquire the spatial, annual and seasonal
cycle of tropospheric NO, concentrations.

The temporal change of NO, at the study area has
been investigated through seasonal Kendall (S-K) test.
The S-K test is a modified case of Mann-Kendall trend
test to analyze data for monotonic trends in season-
al data (Mann, 1945; Kendall, 1975; Hirsch et al., 1982).
The seasonality refers that the data have variable dis-
tributions for different seasons or months of the year.

We have tested each pixel at the study area by two
hypotheses with S-K: the H,, hypothesis regarding
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there is no trend in the time series and the alterna-
tive H, hypothesis that there is a statistically signifi-
cant negative or positive trend in the series at 0.01 and
0.05 significance level. The Kendall tau coeflicient (t)
has been used to identify rank correlation where the
positive T value indicates an increasing trend as well
as a low negative value is an indicator of a decreas-
ing one. The estimate of the trend slope over time has

Results and Discussion

been computed using a generalized version of the Sen
slope estimator (Sen, 1968).

We have also used Pettitt’s test to the selected are-
as to test the homogeneity and identify the time when
a shift occurs. This test hypothesize that values are in-
dependent and identically normally distributed in the
null hypothesis and the alternative one assumes that
the series has a shift in a given time (Pettitt, 1979).

Spatial Distribution of NO,

Figure 1 gives the overview of the average distributions
of the tropospheric NO, concentration from 2004 to
2019 over Turkey. The highest concentrations are ob-
served at the most populated and industrialized cities
such as Istanbul, Ankara, Izmir, Bursa and Adana as
expected. The NO, concentrations reach 7x10"® mol-
ecules/cm” at Istanbul, the industrialization and ur-
banization center of Turkey with more than 15 mil-
lion inhabitants. Other NO, hotspots are northern K.
Maras, northwestern Manisa, western Mugla, central
Konya and southern $irnak. These hotspots have coal-
fired power plants (Fig. 2).

The NO, concentrations in Turkey show large sea-
sonal amplitude with highest values in November, De-
cember, January and February and lowest values June,
July August (fig. 3). It is well known that because of the
excessive use of powerplants and home heating, NO,
levels increase in northern hemisphere winter months.
This seasonal characteristics about the distribution of
NO, also arise from the hydroxyl radical (OH) and
the photolysis frequency of NO,. Higher winter val-

ues are usually associated with the decreasing loss of
NO, by reaction with OH which is the major NOx loss
process in the lower troposphere. A lower photolysis
rate is observed in winter the northern hemisphere
that depletes NO, due to less sunlight (Xiao et al,
2013). Therefore, in the winter months with less sun-
light, NO, is removed more slowly from the atmos-
phere (Saini et al., 2008). The high NO, levels in win-
ter is usually associated with anthropogenic activities
being the dominant NO, source rather than biomass
burning or soil emissions (Van Der A et al., 2008).

Temporal Distribution of NO,

Examining the annual averages of NO2 over Turkey
for 2004-2019 period (fig. 4) there are peaks and de-
creases for various areas in Turkey. In general, the ef-
fects of 2008 global economic crisis can be observed
between 2009-2011 period in most of the provinces
primarily in Istanbul, Ankara and Izmir which can
be associated with the decrease in industrial produc-
tion. This is consistent with Castellanos and Boers-
ma’s (2012) results. Same decrease can also be noticed

Figure 1. The mean annual tropospheric NO, over Turkey for the period 2004 - 2019
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Figure 2. The power plants of Turkey
Source: WRI, 2019

Figure 3. The mean monthly values of tropospheric NO, over Turkey for the period 2004 — 2019
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Figure 4. Yearly averages of tropospheric NO, over Turkey for the period 2004 — 2019
(please note that the years 2004 and 2009 does not have 12-month data)

at the areas with large fossil fuel power plants such as
K. Maras.

The temporal change of the tropospheric NO, has
been evaluated using S-K test. Figure 5 shows the t val-
ues as a means to assess the significance of the cross-
correlation between the time series and NO, concen-
trations whereas the significance levels of the trends
can be examined in figure 6. The highest values of 1
is observed particularly at the south provinces of Tur-
key such as Gaziantep, Sanlurfa, Kilis referring an in-
crease for NO, concentrations. Other high values can
be noticed at individual areas such as eastern Sakarya,
northern Kirikkale, southeastern Izmir and northern
Canakkale. These results are statistically significant at
99% level with a positive trend of 0.08x10"* molecules/
cm?/year according to the p-values and Sen’s slope cal-
culations (Fig. 6 and Fig. 7).

When considered from this point of view, the pos-
itive trend at the Syrian border provinces (Gaziantep,
Sanlwurfa and Kilis) is remarkable. The change NO,
concentrations in the region have increased 1.2x10"°
molecules/cm? in the 15-year period. In order to un-

veil the reasons for this change and the exact time of
the change, we have applied Pettitt’s test to the pixel
values at these provinces. The test results indicate that
94% of these pixels have a significant change point (or
a shift) exists and 79% of it indicates an abrupt change
on May 2011. Considering the start of the revolt in
Syria in March 2011, the first Syrian refugees have ar-
rived in Turkey on 29t* April 2011 (Ozden, 2013; Oz-
demir, 2017). The number of the Syrian refugees were
33,818, 37,385 and 67,753 in 2013 at Gaziantep, Kilis and
Sanlurfa respectively. These numbers have changed
to 452,419, 115,599 and 430,049 in 2019 following the
same order (table 1) (Directorate General for Migra-
tion Management, 2019). Therefore, we attribute the
significant positive trend for tropospheric NO, in
this region to the Syrian refugee influx started in 2011
and correspondingly the increasing number of in-
habitants as well as increasing anthropogenic activi-
ties. It should be noted that the refugees typically use
coal burning stoves since the government and non-
governmental organizations provide coal (Leghtas &
Hollingsworth, 2017). Considering the percentage of

Table 1. The population change and the number of Syrian refugees in selected cities.

Population (2004)

Population (2018)

Percentage of the Refugees to

Syrian Refugee (2019) 2018 Population

Gaziantep 1,441,079 2,028,563 452,419 22%
Kilis 114,615 142,541 115,599 81%
Sanliurfa 1,404,961 2,035,809 430,049 21%

Geographica Pannonica * Volume 24, Issue 3, 168-175 (September 2020)



the number of refugees to the population, the increase
at Kilis province is more evident.

On the other hand, low T values can be observed at
western Thracian provinces such as Tekirdag, Kirklareli,
Edirne as well as northeastern part of Turkey. Istan-
bul, Ankara, Izmir, Bursa as the four most populous
cities have also negative 1 values referring a negative
trend for the NO, concentrations. The negative trend
can be noticed also at northern K. Marag and southern

Dogukan Dogu Yavasli

Sirnak where the Afsin-Elbistan and Silopi coal-fired
power plants are located respectively (fig. 2). This neg-
ative trend is statistically significant at 99% level with a
Sen’s slope value of -0.08x10"® molecules/cm? year™ (fig.
6 and fig. 7). The negative trend can be associated with
2008-2009 global economic recession for the large cit-
ies and emission controls for the ones with large power
plants (Castellanos & Boersma, 2012; Ministry of Envi-
ronment and Urban Planning, 2009).

Figure 5. Kendall's tau (t) values of S-K test

Figure 6. Significance level of the trends

Geographica Pannonica * Volume 24, Issue 3, 168-175 (September 2020) | 173
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Figure 7. Sen's slope values

Conclusions

Using monthly tropospheric NO, column observa-
tions from OMI, we were able to present spatio-tempo-
ral multi-year changes in NO, at Turkey. Considering
its seasonality this study analyzed the spatio-tempo-
ral distribution in Turkey for a 15-year period with S-K
analysis.

The largest cities such as Istanbul, Ankara, Izmir,
Bursa and Adana have highest levels of NO, in a con-
sequence of anthropogenic activities. Other main
sources of NO, are mostly located around high capac-
ity powerplants. Regarding the annual cycle of NO,,
the levels are higher in winter months and lower on
summers.

The overview of tropospheric NO2 concentrations
during the period 2004 - 2019 reveals large changes
in Turkey. Most of the large cities and the surround-
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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 Il 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.

Keywords: temperature; humidity; Humidex; saline steppe; forest-steppe; forest; Serbia

Introduction

Saline habitats such as saline steppes and marshes of ~ higher alkalinity, and they have been present in the
Pannonian plain in Serbia are strongly impacted by ~ Carpathian Basin since the last Ice Age. These habi-
Pannonian climatic conditions characterized by ex- tats have specific vegetation, with salt resistant plants,
treme temperatures and aridity in summer. These  and they occur only in a few other countries in Eu-
areas are characterized by lower salt content, but 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. Molnar 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 (Sefferova Stanovd 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
Backa 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 (Stojanovi¢ 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 (Siljeg
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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 (Mihaild & 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 (Blazejczyk & Twardosz 2010; Orosa
et al., 2014; Ramezani & Fallahzadeh, 2014; Mekis et
al. 2015; Tahbaz, 2018; Geletic 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

Srednja Mostonga (3,131 ha) is located in the northern
part of Serbia (Vojvodina Province) on the territory
of three municipalities: Apatin, Sombor and Odzaci.
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-
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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



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

the triangle of the villages of Srpski Mileti¢, Bogoje-
vo, Karavukovo - Donjaslatina location, there is a rel-
atively small area characterized by more of habitats,
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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 T, >
+ 10 °C), according to the Képpen-Geiger climate clas-
sification (Kottek et al. 2006). The mean monthly air
temperature ranges from —o.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 (7,,,,) reaching 18.1 °C (Figure 2) and
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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-  ological conditions in each investigated environment
randaz, 2011) due to comfortable air temperature dur-  can be expected to develop and prevail. Furthermore,

ing the midday hours with lower T,,,,. outdoor activities in this area are generally performed
during the selected hours.
Data and Methods We used three mobile Kestrel 5400 Heat Stress

For the present study, we have performed field micro-  Trackers (Figure 4) to measure air temperature (T,),
meteorological measurements at three locations: sa-  relative humidity (RH), wind speed (v) and globe tem-
line steppe, forest-steppe and forest (Figure 3). The  perature (T,) with one-minute measurement resolu-
measurement campaign started at about 10:00 AM  tion. The measurements were performed at approxi-
and lasted until about 3:30 PM on a clear and sun-  mately 1.1 m height representing the center of gravity
ny autumn day (21%t October 2019). We have select-  of the human body for standing subjects (ISO 7726
ed morning and midday hours to perform the meas- 1998). The accuracy of instruments comply with ISO
urements because during these hours with low wind 7726 (1998) standards for sensor measurement range
speeds and lack of cloud cover, specific micrometeor-  and accuracy (Table 1). In further analysis we used T,

Figure 3. Measurement sites in Srednja Mostonga (Serbia) with the position
of stations in saline steppe, forest-steppe and forest on 215t October 2019

Figure 4. Instrumental set-up of the meteorological stations in: saline steppe,
forest-steppe and forest (from left to right)
Photo: V. Stojanovic¢
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Table 1. Sensor specifications for Kestrel 5400 Heat Stress Tracker used for the micrometeorological measurements

Sensor Accuracy (+/-) Resolution Range Notes

Air 0.5°C 0.1°C -29.0to | Airflow of 1 m/s or greater provides fastest response and

temperature 70.0 °C 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 +2%RH 0.1 %RH 10t0 90% | To achieve stated accuracy, unit must be permitted to

humidity 25°Cnon- | equilibrate to external temperature when exposed to large,

condensing | 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- 0.1 m/s 0.6t0 40.0 | 25 mm diameter impeller with precision axle and low-

ing, least significant m/s friction Zytel® bearings. Startup speed stated as lower
digit or 20 ft/min limit, readings may be taken down to 0.4 m/s

RH and v data and omitted T, 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 T, 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:

T4
100

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

5 7.5Tur
H=T,, +§-[6.1 1210777 .

Results and discussion

POWER| 2.71828,23.58— 10442
- 2356471,
100-(RH—10)-5+T.
100 g " ar

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
Less than 29

Degree of comfort

no discomfort

30to 39 some discomfort

40 to 45 great discomfort, avoid exertion
Above 45 dangerous

Above 54 heatstroke imminent

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 T, are noticed in more open
areas of forest steppe and steppe, while the lowest T,
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 T, up to 3.4 °C (Figure 5) when compared to
steppe area during the afternoon hours. Similar re-

sults were obtained by Erdés et al. (2014) in southern
Hungary. Differences in mean T, between forest and
forest-steppe are 1.3 °C. On the contrary, small T, 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 (Tuft et al. 2016) and forest fragmenta-

180 | Geographica Pannonica * Volume 24, Issue 3, 1776-186 (September 2020)



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-Rodriguez 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

Dragan D. Milogevi¢,
Jelena Duniji¢, Vladimir Stojanovi¢

Table 3. Statistical characteristics of T,, RH, v and Humidex
at three measurement locations in Srednja Mostonga
during 21t 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
Il forest steppe 253 48.4 15 28.4
1l forest 24.0 50.4 0.6 26.7
Max. values

I saline steppe 293 59.6 3.9 327
Il forest steppe 29.4 59 3.5 33.2
1l forest 27.4 61.4 1.7 30.4
Min. values

| saline steppe 20.5 384 22.7
Il forest steppe 20.7 373 0 23.1
[l forest 19.6 41.3 21.8
St. Deviation

| saline steppe 2.1 6.4 0.7 2.1
Il forest steppe 2.2 6.1 0.7 2.3
1l forest 2.0 5.8 0.4 2.2

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 215t October 2019
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Figure 6. Relative humidity differences between stations in steppe, forest-steppe and forest
in Srednja Mostonga on 21t October 2019

Figure 7. Wind speed differences between stations in steppe, forest-steppe and forest
in Srednja Mostonga on 215t October 2019
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by Davies-Colley et al. (2000) who pointed out that  actions between wind and forests in order to preserve
v was higher in pasture than in forest with the ratio  its health and ecosystems services.

of wind in forest to that in pasture (Mean + SE) av- Analysis of the outdoor thermal comfort with the
eraged 10 * 3% in summer. Schindler et al. (2012) no-  usage of Humidex showed that its lowest values are
ticed that the interactions between airflow and trees  in the forest making it the most comfortable area for
and forest stands are quite diverse and include the re-  human activities (Table 3, Figure 8). On the contrary,
duction in near surface wind speed and production  forest-steppe and steppe have higher Humidex values.
of turbulence by trees. As a consequence, near-sur-  Forest-steppe location had on occasions Humidex val-
face wind conditions affect physiological processes in  ues higher by 5 degrees compared to forest and steppe
trees, their growth and survival (Ennos 1997; Eugster  (Figure 8). Furthermore, some discomfort (Humidex
2008). Accordingly, it is important to study the inter-  between 30 and 39) was noticed during 13% of meas-

35
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Z Forest-steppe
Forest
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15
10/21/19 11:00 10/21/1912:12 10/21/19 13:24 10/21/19 14:36

Measurement period

Figure 8. Humidex values in saline steppe, forest-steppe and forest
in Srednja Mostonga on 21t October 2019 (period 11 h-15 h)

Figure 9. Humidex differences between stations in steppe, forest-steppe and forest
in Srednja Mostonga on 215t October 2019
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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

30+
27

25—
20+

15+ 13

10

% of Humidex values > 30

1
0 : T —
Steppe Forest-steppe Forest

Measurement locations

Figure 10. Frequency (%) of Humidex values above 30
representing at least some discomfort in steppe, forest-
steppe and forest in Srednja Mostonga on 215t October

2019

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.
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