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Abstract

Constant urban population growth and intensive urbanization lead to increased pressure on urban are-

as leading to uncomfortable living conditions. The quality of urban living conditions often depends on the
thermal comfort of the open urban spaces, which are used on the daily basis. That is the reason why the
attention towards outdoor thermal comfort (OTC) is increasing in the last decade among the researchers
from different fields of expertise. In this article, the review of the outdoor thermal comfort research in ur-
ban areas of 11 countries of Central and Southeast Europe in the last decade (2010-2019). The main aim of
the review is to give a comprehensive, systematic and complete insight in the current situation in the OTC
research interest. The results of the review show increased but uneven interest in outdoor thermal com-
fort by the end of the research period in countries of the Central and Southeast Europe. In total, 120 ar-
ticles on the topic of outdoor thermal comfort were identified in the research area. The most significant
contribution to the urban outdoor thermal comfort research comes from Hungary, Serbia and Greece.
Furthermore, five research objectives were identified: methodology improvement and development, cli-
mate sensitive and comfortable urban design and planning, citizens/pedestrian comfort and health assess-
ment and improvement, tourism and health sector support and literature review.
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Introduction

Population growth and climate change are probably  sitive. The awareness of the importance of urban bi-
among the main global issues addressed both by the  oclimatic conditions in outdoor environment is ever
academic community as well as policy makers nowa-  increasing, especially within the area of urban de-
days. These issues tend to be more obvious in the ur-  sign and planning in order to contribute to thermally
ban areas, which offer better career and lifestyle op-  comfortable urban open spaces (Santos Nouri et al.,
portunities. However, people are exposed to various ~ 2018). Urban open spaces largely contribute to the
types of stress in the urban environment (Gulyas et quality of life of the citizens in terms of physical, en-
al., 2006). Population growth increases pressure to  vironmental, social and economic benefits (Lai et al.,
the urban environments, due to the expanding de-  2019). Many cities are working on controlling the lo-
mand for living and working space, which sets great  cal climate and microclimate in urban environments
challenges to urban design and planning which is  in order to reduce heat stress and facilitate better liv-
supposed to be sustainable, resilient and climate sen-  ing conditions (Lehnert et al., 2018). Therefore, one
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of the objectives of the urban design and planning
is to improve the attractiveness of the urban open
spaces, which could be partly achieved by improving
the thermal environment of outdoor spaces (Oke et
al., 2017; Lai et al.,2019).

Urban microclimate affects human beings since
it determines their comfort sensation (Hoppe, 1999).
According to the ASHRAE (2004) human thermal
comfort is defined as the perceived and therefore sub-
jective satisfaction with thermal environmental con-
ditions (Hondula et al., 2017). Human thermal com-
fort can be examined regarding the conditions of the
environment and subdivided into indoor and outdoor
thermal comfort. Indoor thermal comfort is well ex-
amined in the past decades, because of the relative sta-
bility and controllability of the indoor environment.
On the other hand, outdoor thermal comfort is great-
ly influenced by variations in the outdoor environ-
ment, as well as one’s subjective perception (Cocco-
lo et al., 2016).

Increased researchers’ attention on outdoor en-
vironments started in early 2000’s, and ever since a
number of studies on outdoor thermal comfort in
urban environments worldwide have increased each
year, which led to the creation of the significant data-
base (Johansson et al., 2014). This database varies sig-
nificantly among the countries all over the world.

In this article, the review of the outdoor thermal
comfort research in urban areas of Central and South-
east Europe is given in order to provide a comprehen-
sive, systematic and complete insight in the current
situation in the OTC research interest. As a starting
point, there is an overview of the most frequently used
indices and variables for the assessment of urban out-

door thermal comfort as well as. The fundamental pa-

rameter for assessment of the quality of the urban mi-

croclimate is outdoor thermal comfort (Coccolo et al.,

2016). The physical variables which affect humans out-

door thermal comfort are: air temperature (°C), wind

speed (m-s—1), relative humidity (%), shortwave radia-
tion (W-m —2), longwave radiation (W-m —2), human
activity (met or W-m —2), clothing level (clo) (Coccolo
et al,, 2016). Coccolo et al. (2016) give an overview of
the outdoor thermal indices commonly used in out-

door thermal comfort research (Table 1), and they di-

vide them in three categories of indices:

1. Thermal indices - based on human energy balance,
and interrelation between metabolic activities,
clothing and environmental parameters;

2. Empirical Indices - define human comfort for a
specific climate and are expressed as linear regres-
sions based on the field studies (onsite monitoring
and surveys);

3. Indices based on linear equations - define human
comfort as a function of the thermal environment
and neglecting the microclimate and human be-
havior.

Besides mentioned indices, The Tourism Climate
Index (TCI), should be mentioned, since it is often
used for assessing climate conditions and thermal
comfort for tourism planning and development. It
was developed by Mieczkowski (1985).

Outdoor thermal comfort is quantified with sev-
eral software packages which are used to determine
OTC according to some of the above-mentioned OTC
indices (Table 2). The most commonly used software
packages are: ENVI-met (and post-processing tool Bi-

Table 1. An overview of the indices commonly used in outdoor thermal comfort research

Thermal Indices Empirical Indices

Indices based on linear equations

COMFA; COMFA + Model

Actual Sensation Vote (ASV)

Apparent Temperature (AT)

Universal Effective Temperature (ETU)

Thermal Sensation (TS)

Discomfort Index (DI)

Index of Thermal Stress (ITS)

Thermal Sensation Vote (TSV)

Environmental Stress Index (ESI) and
Physiological Strain Index (PSI)

MENEX Model Effective Temperature (ET)
E’ﬁg/%ologlcally Equivalent Temperature Humidex (H)

Predicted Mean Vote (PMV*)

Heat Index (HI)

Perceived Temperature (PT)

Cooling Power Index (PE)

New Standard Effective Temperature
(SET*) and Outdoor Effective
Temperature (OUT_SET)

Relative Strain Index (RSI)

Universal Thermal Climate Index (UTCI)

Wet Bulb Globe Temperature Index
(WBGT)

Wind Chill Index (WCl)

* PMV & SET are originally designed for indoor thermal comfort investigations, but later are adapted for outdoor environment

Source: Coccolo et al.,, 2016
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Table 2. Commonly used software packages for quantifying OTC according to the

thermal comfort indices and MRT

Software PMV PET uTCl SET ETU PT MRT#*
ENVI-met &BioMet + + + +
RayMan + + + + + +
OTC model + + +

SOLWEIG + + +
UTCI calculator +

* MRT is not considered to be a model for quantification OTC, but gives information about

pedestrian’s thermal perception.
Source: Coccolo et al.,, 2016

oMet), RayMan, OTC model, SOLWEIG, UTCI cal-
culator.

Most of the reviewed articles used the above-men-
tioned indices and software packages for quantifying
OTC in urban environments. However, this great va-
riety of methods and tools used in the outdoor ther-
mal comfort research makes comparisons difficult
(Johansson etal., 2014). According to the Coccolo et al.
(2016), not all the indices are suitable for usage in eve-
ry climate type (K6ppen climate classification: trop-
ical, arid, temperate, cold and polar). In temperate

Study area

climates (which will be discussed in this article), the
most frequently used indices are PET, SET and OUT_
SET; while UTCI is applicable in all climate types.

In this article, the review of the outdoor thermal
comfort research in urban areas of 11 countries of Cen-
tral and Southeast Europe in the last decade (2010-
2019) was performed. The main aim of the review was
to give a comprehensive, systematic and complete in-
sight in the current situation in the OTC research in-
terest in the region and to identify the main OTC re-
search objectives and themes.

This article covers 11 countries of Central and South-
East Europe: Hungary, Slovenia, Croatia, Romania,
Bulgaria, Serbia, Bosnia and Herzegovina, Montene-
gro, North Macedonia, Albania and Greece. The largest
part of the study area covers the countries of the Balkan
Peninsula, except Hungary. Since, there is no universal

Materials and Methods

geographical definition of the area, and it is positioned

at the crossroads between South-East and East-Central

Europe (Sippel & Oto, 2014), the study area is defined as

Central and South East Europe. According to the basic

Koppen climate, the study area belongs to the temper-
ate climate type (Kottek et al., 2006).

The main aim of this article is to provide comprehen-
sive and systematic literature review of the current
state of the outdoor thermal comfort research in the
countries of Central and South East Europe. For that
purpose, several criteria needed to be met in order to
make the sources eligible to be taken into considera-
tion. Firstly, only articles published in journals or con-
ferences that concern bioclimate, urban climate, envi-
ronment, urban planning design and building, were
taken into consideration. The articles were gathered
from the databases Web of Science, Scopus and Sci-
ence Direct, as well as the search engine Google Schol-
ar.

This analysis will reveal the progress and the ex-
pansion of the outdoor thermal comfort research in
the last decade (2010-2019) in the region of Central
and South East Europe as a whole, as well as in the
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particular countries. There is a great variety of the
interest in this topic among the investigated coun-
tries, and this research tends to give an insight in the
research gaps in some of the countries of the study
area, as well as to propose further research direc-
tion. Since, there are many important climatological
events responsible for outdoor thermal comfort es-
pecially in urban areas, various keywords were in-
cluded in the search. The keywords “outdoor ther-
mal comfort”, “bioclimate”, “urban areas”, “urban
microclimate”, “heat waves”, and “cold waves” were
combined with the names of the selected countries
in order to search for abstracts, titles and keywords
of the articles. At the end of the data collection pro-
cess, the author screened and evaluated all of the col-
lected articles, and then organized and reviewed the
most relevant of them. It should be mentioned that
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in the evaluation process, the subjective perception
of the author influenced the choice of the relevant
articles for detailed review. Therefore, a subjective

Results and Discussion

approach influenced by authors interest, experience
and knowledge could be considered as limitation of
the study.

Number of articles regarding outdoor thermal
comfort in investigated countries

At the very beginning of the search for the litera-
ture regarding OTC in urban areas of Central and
South East Europe, the author searched Web of Sci-
ence for all the articles regarding OTC without stat-
ing the study area or the range of the publishing date.
Web of Science Core Collection showed 577 results
where “outdoor thermal comfort” is within the titles
of the articles, where the first of them was published
in 2002. Since then there has been a slight increase
in the publications until 2010, when the sharper in-
crease in interest in this topic started. Most of the re-
search regarding OTC in urban areas on global level
were conducted in China, followed by the USA, Aus-
tralia, Germany and England. This search for the arti-
cles worldwide aimed to give the framework about the
global interest in this specific topic. Afterwards, the
more specific research was conducted, focusing on the
studies from the countries of the study area.

For the analysis of the OTC research in urban are-
as of the countries of Central and South East Europe
the results from Web of Science, Scopus, Science Di-
rect were amplified by the results from Google Schol-
ar. After the initial collection, screening and evalua-
tion process, 120 peer reviewed research articles were
chosen and reviewed in order to make systematic and
comprehensive overview of the OTC research. The re-
sults of the research show increased but uneven inter-
est in outdoor thermal comfort by the end of the re-
search period in countries of the Central and South
East Europe (Figure 1).

Research and publication production among the
countries of the study area varies significantly. The
most significant contribution to the urban outdoor
thermal comfort research comes from Hungary, Serbia
and Greece. These countries show the most consisten-
cy in the publication production in the last decade. The
significant number of the research on the OTC in ur-
ban areas comes from Romania, but the lack of consist-

Figure 1. Outdoor thermal comfort research contribution among the countries of the
Central and South East Europe (2010-2019)
Source: author based on the reviewed literature
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Table 3. Research production regarding OTC in urban areas of the countries of Central and South East Europe

Country City/Region References
Albania Tirana, Durres, Shkodra Porja, 2013; Fintikakis et al., 2011; Dervishi et al., 2012; Panariti et al., 2014,
2015., Malltezi et al., 2015
Bosnia and Neretva Canton, Doboj Pecelj et al., 2011; Jahi¢ & Mezetovi¢, 2014; Trbic et al., 2017; Popov et al.,
Herzegovina 2018a; Popov et al., 2018b; Popov et al., 2019
Bulgaria Sofia Gospodinov & Tzenkova-Bratoeva, 2010; Malcheva & Gocheva, 2014; Ivanov
& Evtimoyv, 2014; lvanova, 2016; Malcheva, 2017; lvanova, 2017
Croatia Hvar, Osijek, Rijeka, Zagreb, | Zaninovic, 2011, 2013; Zaninovi¢ & Matzarakis, 2014; Brosy et al., 2014
Split
Greece Athens, Serres, Arta, Theoharatos et al., 2010; Pantavou et al., 2011; Giannaros & Melas,
Heraklion, Volos 2012; Dimoudi et al., 2012; Nastos & Mazarakis, 2012, 2013; Zoras, 2013;
Charalampopoulos, 2013; Pantavou et al, 2013; Dimoudi et al., 2014; Founda
et al., 2015, 2017; Bleta & Nastos, 2015; Papamanolis, 2015; Chatzidimitriou
& Yannas, 2016; Nastos et al., 2016; Nastos & Polychroni, 2016; Paravantis
et al., 2017; Dimitris et al., 2017; Moustris et al., 2018
Hungary Szeged, Budapest, Pecs Gulyas et al., 2010; Kantor & Unger, 2010, 2011; Kovacs & Németh, 2012;
Kantor et al., 2012a; 2012b; Vitt et al., 2015; Unger et al., 2015; Kéntor et al.,
20164, 2016b, 2016c¢; Takacs et al., 2016a, 2016b; Skarbit et al., 2017; Gal,
2018; Unger et al., 2018; Kantor et al., 2018
North Skopje Kendrovski et al., 2011; WHO, 2011; Glavinov, 2012; Kendrovski et al., 2014;
Macedonia Bislimovska, 2015; Martinez et al., 2016; Kaplan et al, 2018
Montenegro Herceg Novi, Podgorica, Joksimovic et al., 2013; Buri¢ et al., 2014; Doderovi¢ & Buri¢, 2015; Buric¢ et
Ulcinj al., 2015; Bajginovci, 2017
Romania Bucharest, Craiova, Cluj- lonac et al., 2012a, 2012b; Croitoru & Piticar, 2013; Cheval & Dumitrescu,
Napoca 2014; Cheval et al., 2015; Dragota & Havris, 2015; Marques et al., 2015;
Papathoma-Koehle et al., 2016; Croitoru et al., 2016; Herbel et al., 2016;
Teodoreanu, 2016; Udristioiu et al., 2017; Ciupertea et al., 2017; Cheval et al.,
2017; Piticar et al., 2018; Velea et al., 2019; Mihaila et al., 2019.
Serbia Novi Sad, Nis, Belgrade, Malinovic-Milicevic et al., 2013; Unkasevi¢ & Tosi¢, 2013, 2015; Savi¢ et
Leskovac al., 2014, 2016, 2018; Stanojevi¢ et al., 2014a; 2014b; Secerov et al,, 2015;
Bajsanski et al., 2015; Milosevi¢ et al, 2015a, 2015b, 2016, 2017a, 2017b;
Djukic et al., 2016; Andelkovi¢ et al., 2016; Basarin et al, 2016, 2018;
Bogdanovic-Protic et al., 2016; Djekic et al., 2018a, 2018b; Vuckovi¢ et al,
2019, Luki¢ et al., 2019
Slovenia Ljubljana Vidrih & Medved, 2013; Fikfak et al., 2017; Pogacar et al., 2017, 2019a, 2019b;
Percic¢ et al., 2018; Ziberna & Ivajnsi¢, 2018

ency in the research is noticeable too. In other coun-
tries of the study area, the research of the OTC in urban
areas is at its initial phase, and often a part of the other
climate or bioclimate research (Table 3).

According to the research production regarding
OTC in urban areas of the countries of Central and
South East Europe, the author noticed three groups of
countries: countries with significant, average and low
interest and consequently research article production.
Serbia, Hungary and Greece show significant interest
in the topic, Romania - average, and all other coun-
tries lowinterest in the topic.

Countries with significant OTC research production

HUNGARY is one of the pioneers in the OTC research
in this part of the world (CSEE). Therefore, the re-
search results regarding OTC are numerous and sig-
nificant. Their significance and relevance are results
of persistence and systematic approach to the re-
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search. Many of the topics regarding OTC were cov-
ered by the researchers from Hungary.

Some of the authors worked on the OTC research
methodology development and improvement. For ex-
ample, Kantor & Unger (2010a) recommended a meth-
odology for the thermal comfort investigations of rest-
ing places (parks and squares) in urban environments
by marking subjects’ exact location, as well as observ-
ing some of their personal features, and presenting
the results on the maps. Kéntor (2016b) asserts the im-
portance of questionnaire-based OTC investigations,
besides traditional and well-established thermal com-
fort indices. Gal (2018) systematically assessed the re-
liability of the popular microclimate models (SOL-
WEIG v2016a, RayMan Pro v3.1 and ENVI-met v4.3)
and their ability to reproduce Tmrt in complex urban
environments. Skarbit et al. (2017) used urban moni-
toring network to monitor air temperature conditions
in different LCZs of Szeged.
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Measurements and assessment of thermal comfort
and other climatological events responsible for out-
door thermal comfort were also investigated. Kovécs
& Németh (2012) evaluated the differences and chang-
es of the thermal comfort conditions in the last half
century in Budapest based on the measurements of
two meteorological stations located in different en-
vironments (LCZs). Kantor et al. (2012a) investigated
interrelationships of subjective assessments—thermal
sensation, perceptions and preferences for individ-
ual climate parameters, as well as their connections
with the prevailing thermal conditions. Kantor et al.
(2012b) expanded their investigation (2012a) by com-
paring the results from Szeged with the internation-
al results with the similar methodology (combina-
tion of survey and on-site measurements). Kantor et
al. (2016¢) investigated seasonal differences in subjec-
tive assessment of the thermal conditions in Szeged in
spring, summer and autumn season.

These research are strongly connected and contrib-
ute to the research of climate sensitive urban design.
Unger et al. (2015) discussed the infrastructure devel-
opment and operation of an urban human comfort
monitoring network and information system in Sze-
ged and the related preliminary research results. Kan-
tor et al. (2016a) provide evidence on the beneficial mi-
cro-meteorological modification effect of large urban
trees with an emphasis on their human-biometeoro-
logical effects, and propose landscape design solutions
for summertime thermal stress mitigation. Takacs et
al. (2016a, 2016b) investigated the importance of the
urban greenery (different tree species commonly pre-
sent in Hungary) and their shading effect in achieving
thermally comfortable outdoor spaces in urban areas.
Unger et al. (2018) evaluated outdoor human thermal
sensation in different urban quarters (local climate
zones) of Szeged, according to the long-term data. Gu-
lyas et al. (2010) made a comparison of the urban-ru-
ral comfort sensation in Szeged. Kantor et al. (2018)
examined the effectiveness of the shading methods
(natural and artificial) in achieving comfortable ther-
mal conditions at three different locations of Pecs.
Vitt et al. (2015) estimated and compared thermal con-
ditions in urban and rural environments of Szeged, in
order to contribute to tourism planning.

Important review on the topic of the mean radiant
temperature T, as the most important parameter
influencing outdoor thermal comfort during sunny
conditions was provided by Kantor & Unger (2010b).
These authors gave a review on the topic of the mean
radiant temperature T,,,;, as the most important pa-
rameter influencing outdoor thermal comfort during
sunny conditions.

After reviewing the most significant research from
Hungary from the last decade, it might be conclud-

ed that investigations regarding OTC are well estab-
lished with numerous topics covered.

Initial urban climate research in SERBIA covered
the topics regarding thermal stress, local climate
zones, monitoring system, thermal comfort etc. (Savi¢
et al.,, 2013; Savic et al., 2014, Lelovics et al., 2016). In
the last decade, publication production increased,
constantly and consistently.

Methodology development and assessment were dis-
cussed in several articles from Serbia. Secerov et al.
(2015) presented the process of development and im-
plementation of an automated urban climate monitor-
ing system in Novi Sad, which consists of 27 stations
(25 in urban area and 2 in non-urbanized environ-
ment. Milosevi¢ et al. (20153, 2015b, 2016) investigat-
ed the suitability of urban climate monitoring systems
developed in Novi Sad for human comfort assessment
in various areas of the city and surroundings which
differ in density of construction. Baj$anski et al. (2015)
presented innovative software solutions and tools for
assessment and improvement of human OTC in ur-
ban built environment, which combines 3D mode-
ling, parametric design and environmental analysis.
Milosevi¢ et al. (2017) applied the mentioned soft-
ware solutions for analysis of the OTC at the parking
lots during the summer heat wave. Andelkovi¢ et al.
(2016) proposes one new attempt to formulate a math-
ematical approach to climate parameters in the con-
text of their complex implications for tourist activities
through the tourism climate comfort index (TCCI).
Bogdanovi¢-Protic et al. (2016) developed and applied
the ELM algorithm (extreme learning machine) for
forecasting OTC index - physiological equivalent tem-
perature values in urban open space of Ni$ fortress.

Some of the authors focused on measurements
and assessment of citizens thermal comfort and oth-
er climatological aspects influencing outdoor thermal
comfort. Basarin et al. (2016) analyzed heat and cold
waves and human thermal conditions in Novi Sad,
Serbia in the period 1949-2012. Extreme bioclimatic
conditions in Vojvodina were analysed as well by Ba-
sarin et al. (2018). Unkasevi¢ and To$i¢ investigated
cold and heat waves in Serbia (2015), as well as trends
in temperature indices (2013). Summer discomfort in
Ni$ was assessed using Humidex index by Lukic et al.
(2019). Malinovi¢-Milicevi¢ et al. (2013) assessed ther-
mal environment and UV-B radiation in Vojvodina
region, while Stanojevi¢ et al. (2014a, 2014b) investi-
gated heat wave impact on mortality and the necessity
for heat health warning system.

Some of the research contributed to the develop-
ment of climate sensitive outdoor spaces. Djuki¢ et al.
(2016) presented the change in the outdoor comfort
during the summer days of open public space of the
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main square in Leskovac. Djeki¢ et al. (2018a) focused
on physical attributes of used pavement materials and
their impact when they are exposed to high summer
temperatures as well as on thermal comfort of the us-
ers of open public spaces in Ni$. Djeki¢ et al. (2018b)
analyse the influence of urban greenery on tempera-
ture reduction by measuring the difference in warm-
ing up of grassy surfaces and paving materials com-
monly used for public areas and evaluating the impact
of tree shading on the surface cooling during the day.
Vuckovic et al. (2019) tend to determine and rank the
parameters which have the most influence on ther-
mal comfort variations in urban public areas in sev-
eral cities in Serbia using PET as the thermal comfort
indicator, and neuro-fuzzy methodology for PET an-
alyzing.

Savi¢ et al. (2016) presented the review of the re-
search of urban climate in Novi Sad (Serbia) between
2011 and 2016.

Research of the OTC in Serbia in the last decade is
well established and is interesting for the researchers
from various fields of expertise.

GREECE is the third country from the study area
with significant OTC research production. Different
aspects of thermal comfort were examined in the last
decade.

Methodology development and assessment were
the objectives of some of the reviewed articles. Zo-
ras (2014) performed software simulation of the dif-
ferent pavement materials and their influence on the
thermal conditions in the densely built area of the city
centre of Arta. Moustris et al. (2018) worked on the de-
velopment and application of artificial neural network
models (ANNs) to estimate the values of a complex
human thermal comfort-discomfort index associated
with urban heat and cool island conditions inside var-
ious urban clusters using only inputs air temperature
data from a standard meteorological station.

Citizens comfort and health assessment were assessed
by many authors. Theoharatos et al. (2010) investigat-
ed heat waves observed in 2007 in Athens and their im-
pact on citizens health conditions. Pantavou et al. (2011)
evaluated the impact of the heat wave thermal stress
on the increase of the daily number of patients proba-
bly affected by heat in emergency department units of
cardiac clinics of four public general hospitals in Ath-
ens. Dimoudi et al. (2012) analyzed wind speed and air
temperatures in the central urban area (urban canyons)
of the Serres City in North Greece, and the influence
of the built environment on thermal comfort and UHI
effect compared to the suburban area of the same city.
UHI effect in Thessaloniki was investigated by Giann-
aros & Melas (2012). Heat waves and UHI effect were
also examined in Athens by Founda et al. (2012, 2017).
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Nastos & Mazarakis (2012) estimated the effect of air
temperature and human thermal indices on mortality
in Athens. Mortality associated with heat waves were
investigated by Paravantis et al. (2017). Pantavou et al.
(2013) conducted combined meteorological measure-
ment and field survey among pedestrians in three lo-
cations in Athens, during summer, autumn and winter
season, in order to assess individual thermal sensation
of the pedestrians. Bleta & Nastos (2015) assessed and
quantified the association between present and future
human thermal bioclimatic conditions and daily cases
with respiratory problems in Heraklion city on Crete,
Greece.

Research contribution to climate sensitive urban de-
sign and assessment is noticed too. Charalampopoulos
et al. (2013) analyzed thermal bioclimatic conditions
in six urban areas of Athens during summer. Nastos &
Mazarakis (2013) and Nastos & Polychroni (2016) an-
alyzed bioclimatic conditions in the University cam-
pus of Athens. Dimoudi et al. (2014) investigated the
thermal behavior of construction materials inside an
urban centre and the improvement of thermal con-
ditions induced by replacement of conventional with
cool materials. Papamanolis (2015) investigated main
characteristics of the built environment, urban cli-
mate and the air quality in Greek cities.Chatzidimi-
triou & Yannas (2016) investigated the influence of ur-
ban morphology and urban design parameters such
as street and building geometry, landscape elements
including vegetation types, water surfaces and mate-
rial properties and their effects on pedestrian thermal
comfort in cities. Dimitris et al. (2017) used Computa-
tional Fluid Dynamics (CFD) to assess the improve-
ment of microclimate conditions in an urban ag-
glomeration of the city of Volos, through bioclimatic
interventions.

Nastos et al. (2016) investigated long-term season-
al behavior of the climate for touristic activities and
recreation.

From the previous review it could be concluded
that these three countries of Central and South East
Europe indeed have great variety of research topics re-
garding OTC, with significant relevance and applica-
tive results.

Countries with average OTC research production

In this category there is only one country - Roma-
NIA. Not all of the research from Romania is narrowly
focused on OTC assessment, some of them indirectly
concern OTC conditions in urban areas.

Most of the research was focused on various aspects
of citizens comfort and health conditions. Heat waves
and extreme temperatures were investigated by sever-
al authors (Ionac et al., 2012a; 2012b; Croitoru & Piticar,
2013; Dragota & Havris, 2015; Croitoru et al., 2016; Ciu-
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pertea et al,, 2017; Piticar et al., 2018), as well as the UHI
effect. Cheval and Dumitrescu (2014) and Cheval et
al. (2015) presented the first results from the enhanced
network for UHI monitoring in Bucharest. Herbel et
al. (2016) assessed UHI in Cluj-Napoca city. Marques et
al. (2015) performed heat stress assessment of two con-
trasted outdoor urban environments in two Europe-
an capitals - Bucharest and Lisbon in order to exam-
ine thermal physiological response to heat stress and
to quantify the effect of urban green spaces. Teodor-
eanu (2016) reviewed some bioclimatic indices, based
on several different meteorological parameters, for var-
ious purposes - health, tourism, regionalization. Udris-
tioiu et al. (2017) tried to examine UHI effect in Craiova
city, using satellite-based data (land surface tempera-
ture - LST, and land cover type -LCT) and to assess its
intensity during summer. In 2017 Cheval et al. conduct-
ed the research where eight Thermal Comfort Indices
were computed and statistically analysed (individually
and combined). Valea et al. (2019) investigated the pos-
sibility to supplement the information on the summer
thermal discomfort conditions in Romania by using
the NET index derived from a long-term (1971-2000)
gridded station-based dataset and compare the results
of two approaches with the information provided by
the operationally used Temperature-Humidity index.

Methodology for heat wave risk assessment was in-
vestigated by Papathoma-Koehle et al. (2016).

Mihaila et al. (2019) investigated bioclimatic con-
ditions of the five representative balneary-climatic re-
sorts, located in three different bioclimatic zones.

The research from Romania regarding OTC in the
last decade is increasing but there is an obvious lack
of consistency which indicates that future research re-
garding OTC should be conducted with a more sys-
tematic approach.

Countries with low OTC research production
Albania, Bosnia & Herzegovina, Bulgaria, Croa-
tia, Montenegro, North Macedonia, Slovenia are the
countries with less than 10 published research articles
in the last decade regarding OTC.

In ALBANIA, Fintikakis et al (2011) analysed mi-
cro-climatic conditions in the historic centre of Ti-
rana with the aim to provide information for better
design of specific open spaces. Dervishi et al. (2012)
examined thermal conditions in four urban zones of
Tirana, according to meteorological data, combined
with interviews with citizens. Porja (2013) assessed
heatwaves in Tirana. Panariti et al. (2014, 2015) eval-
uated the impact of the texture of the paving materi-
als on OTC, at the coastal promenade in the city of
Durres. Malltezi et al. (2015) assessed climate change
adaptation strategies in Tirana.

The OTC research from BosN1A & HERZEGOVINA
mainly focus on the examination of climate potential
for tourism development in eight destinations of Ner-
etva Canton (Jahi¢ & Mezetovi¢, 2014), and in Doboj
(Pecelj et al., 2011). Air temperature and its extremes
were investigated by several authors (Trbi¢ et al., 2017;
Popov et al., 2018a, 2018b, 2019).

OTC research in BULGARIA is focused on the win-
ter thermal comfort (Gospodinov & Tzenkova-Brato-
eva, 2010; Malcheva & Gocheva, 2014, Malcheva, 2017),
unlike the research from other countries, where the
majority of the articles are focused on the heat waves
and OTC assessment in warmer periods. Extreme
temperature risks and heat risks in Bulgaria were in-
vestigated by Ivanov & Evtimov (2014) and Ivanova
(2016, 2017).The research articles of indoor thermal
comfort are much more frequent in Bulgaria.

The research regarding OTC in CROATIA is not
very developed. There are some studies regarding bio-
climate in Croatia (e.g. Zaninovi¢ & Matzarakis 2014),
extreme thermal conditions (Zaninovi¢, 2011) or cli-
matological effects on tourism (Zaninovi¢, 2013; Bro-
sy et al,, 2014), but according to this research database,
none of them concerns OTC specifically.

Similar situation with MONTENEGRO, where re-
search articles are not specifically focused on OTC,
but it is mentioned in some of the articles regarding
climatological aspect of tourism seasonality and de-
velopment (Joksimovic et al., 2014) and urban design
and sustainable development (Baj¢inovci, 2017), as
well as air temperature changes and extreme events
(Buri¢ et al., 2014; Doderovi¢ & Buri¢, 2015; Buric et
al., 2015).

In NORTH MACEDONIA, research articles are fo-
cused on climate vulnerability (Glavinov, 2012), UHI
analysis (Kaplan et al., 2018) and the impact of the cli-
matic conditions on human health (Kendrovski et al.,
2011; WHO, 2011; Kendrovski et al., 2014; Bislimovs-
ka, 2015; Martinez et al., 2016), but there are no specif-
ic studies on the OTC.

Research articles regarding specifically OTC in
SLOVENIA are not very common in the literature
from Slovenia. However, there are some articles re-
garding other aspects of bioclimate, where OTC is
indirectly assessed. For example, the articles regard-
ing UHI mitigation (Vidrih & Medved, 2013; Fikfak et
al., 2017), heat stress and mortality and health issues
(Pogacar et al., 2017; 2019a; 2019b; Perci¢ et al., 2018;
Ziberna & Ivajnsi¢, 2018). On the other hand, indoor
thermal comfort and energy efficiency is more com-
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mon topic of interest among Slovenian researchers in
the last decade (Pajek & Kosir, 2017; 2018; Pajek et al,,
2019)

There is an obvious lack of systematic approach and
consistency when it comes to the OTC research on the

Conclusion

Jelena Dunji¢

country level within the countries with the low OTC
research production. There are sporadic attempts to
investigate this topic, but there is still a general lack
of this type of research, even though the obvious need
for it exists.

The review of the literature regarding OTC in the last

decade implicates its applicability in urban design

and planning, tourism, and health issues. There were

many different objectives and themes in the reviewed

articles. In order to make the review clearer and more

systematic, majority of the mentioned research objec-

tives could be divided to the following groups:

1. Methodology (database, software, algorithm, sys-
tems) improvement and development

2. Climate sensitive and comfortable urban design
and planning,

3. Citizens/pedestrian comfort and health assessment
and improvement,

4. Tourism and health sector support,

5. Literature review.

When it comes to the indices used in the reviewed
research, it must be noted that not all of the reviewed
articles used some of the OTC indices or software. The
methodology is strongly dependent to the research
objectives and available data. In the articles that used
thermal indices, the absolutely dominant index is PET,
followed by UTCI, but Tourism Climate Index (TCI)
should be mentioned too, since a lot of researchers of
Mediterranean cities used it for their studies. Mean
radiant temperature was also examined in terms of
methodology development, as well as the significant
indicator for OTC assessment.

The most commonly used software packages for
quantifying OTC according to the thermal comfort
indices and MRT in the reviewed articles are RayMan
software, followed by the ENVI-met. In some articles
a combination of questionnaire surveys and meteor-
ological measurements was applied in order to exam-
ine subjective thermal sensations. Urban public green
spaces (such as parks), streets, squares, parking lots
and sidewalks were the most frequently selected lo-
cations for measurements and questionnaire surveys.
The majority of the articles focused on outdoor ther-
mal comfort were related with urban design assess-
ments, as well as proposals for improvement with the
main objective of achieving sustainability and im-
provement of the quality of life in urban areas.

The interest for the outdoor thermal comfort con-
ditions began in the early 2000s. Since then steady in-
crease was noticed until 2010, when the more dynamic
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increase in the production of the scientific publica-
tions where the topic of interest is particularly OTC.
Its importance in measurement, estimation and im-
provement of thermal conditions in densely populat-
ed urban areas is recognized and therefore more fre-
quently studied. In this study, two major conclusions
were achieved, regarding publication productivity and
the research interest in OTC in the countries of Cen-
tral and South East Europe, and identification of five
main research objectives in assessment of the OTC.

In the countries of Central and South East Europe,
in the last decade, the research publication produc-
tion regarding OTC increased significantly. That in-
crease is not balanced between all of the countries
taken into account in this study. Some of them have
significant scientific research results on this topic
such as Hungary, Serbia and Greece, with more than
20 published scientific articles during the last decade.
Romanian researchers published several studies on
different aspects of OTC, but there is still lack of con-
sistency in this topic research. In other seven exam-
ined countries, there are sporadic initiatives towards
OTC research, but there is evident lack of systematic
approach, as well as continuity in the research process.

During the review process, five main research ob-
jectives were identified: methodology (database, soft-
ware, algorithm, systems) development and assess-
ment, climate sensitive and comfortable urban design
and planning, citizens/pedestrian comfort and health
assessment and improvement, tourism and health
sector support, and literature review. All of the re-
viewed articles set at least one of the objectives from
these five groups.

As many authors before (e.g. Johansson et al., 2014),
during the reviewing of the 120 articles which were
taken into consideration in this review, the inconsist-
ency in the research process appeared as the main ob-
stacle. There is a great variety of the indices, software,
field surveys, measurements duration, objectives and
expectations from the measurements and surveys,
that make systematization of the results challenging.
In that regard, this review paper brought forward the
OTC research in Central and Southeast Europe with
all of its objectives, themes, trends and country dif-
ferences which can be beneficial for the researchers in
the region and worldwide.
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