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ABSTRACT  

The main objective of this paper is to study the outdoor thermal comfort of the central urban zone of 
Belgrade during summer season in order to examine how different bioclimatic conditions affect human 
body. For this purposes Humidex, a simple heat index was applied. The research involved analyzing 
different Humidex values, the so-called “sub-indices” calculated based on hourly (7:00 and 14:00), 
mean daily and maximum values of meteorological parameters (air temperature and humidity) that were 
recorded at the meteorological station Belgrade - Vračar.), for the period 1999-2018. Outdoor thermal 
comfort in Belgrade is generally more adverse in July and August, resulting in most days belonging to 
the categories of “some discomfort” (30-39) and “great discomfort” (40-44), with periodic recording of 
the most severe categories of heat stress, as a category “very dangerous”(Humidex>55). Category of 
“very dangerous” heat stress shows linear increase during July, with positive trend of 0.03 days/10 
years. The findings also show that from 1999 to 2018, mean index value gradually rose and values of 
sub-indices Humidex14h and  HumidexTmax have exceeded thresholds 40 for great discomfort and 45 for 
dangerous heat stress more often then in the previous decades. 
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INTRODUCTION 
 
Changing of the bioclimatic conditions of the local environment influenced by climate change as a 
global phenomenon, combined with densely built urban areas, results in a number of negative effects, 
such as: more adverse bioclimatic conditions, heat islands effect, severe heat waves etc. [1]. The main 
target of this paper is to describe and analyze the meteorological conditions and its consequences on 
the life and different activities of inhabitants of the central urban area of Belgrade, through the simple 
heat index.  
 
Potentially unfavorable climatic conditions, discussed here, indicate a problem for the urban 
sustainability in general. Therefore, the study of bioclimatic conditions of urban areas is attracting an 
increasing number of authors. Humidex, as a simple thermal comfort index based on just two 
meteorological parameters, gives reliable insight in extreme heat conditions which are caused by high 
air temperature and humidity. Its results are directly comparable with temperature in degrees Celsius 
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and its values are associated with the corresponding degrees of thermal comfort, rendering the index 
“widely understandable” according to Geletič and others [2].  
 
Today Humidex application can be found in numerous studies. Heidari et al. in 2016 [3], applied this 
index in order to evaluate heat stress in the outdoor jobs in arid and semi-arid climates of Iran. Alfano 
and others in 2011 [4] studied thermal environment assessment reliability using temperature – 
humidity indices. Burke et al. in 2006 [5], in one part of research, have applied Humidex in order to 
examine the influence of environmental factors include topography and climatic variables such as heat 
and humidity, precipitation and daylight availability on a person’s propensity to walk in Brisbane, 
Australia. Study conducted by Zhang et al. [6], estimated the impact of Humidex on HFMD (Hand, 
Foot, and Mouth Disease) in Guangdong Province (South China) and its variability across socio 
economic status and age groups was. Other good examples of the application of Humidex in testing of 
thermal comfort of urban areas which need to be stated are: Geletič et al. in 2018 [2] employed this 
index to assess thermal comfort of the city of Brno (Czech Republic), using air temperature and 
relative humidity data; Oleson and others [7] used five indices of heat stress (NWS Heat Index (HI), 
Apparent Temperature (AT), Simplified Wet Bulb Globe Temperature, Humidex, and Discomfort 
Index) to analyze interactions between urbanization, heat stress, and climate change, in the wider area 
of the U.S. and southern Canada. Hamdi et al. in 2016 used Humidex with a 1-km resolution dynamic 
downscaling technique to perform simulations within the A1B scenario of the ARPEGE-Climate 
global climate model for Brussels, Belgium [8]. Ho and others in 2016 [9] demonstrated an empirical 
approach to map apparent temperature (Humidex) at the local scale, which relies on publicly available 
weather station, observations and spatial data layers combined in a random forest regression model, 
for Greater Vancouver, Canada. Mekis et al. [10] have studied trends in severe conditions in Canada 
during the period of 60 years. Giannopoulou et al. [11] analyzed Humidex on the territory of Athens 
(June–August 2009) with the aim of determining if air temperature and humidity have urban thermal 
comfort. The assessment of outdoor environmental bioclimatic conditions for the purposes of smart 
urban planning, which was carried out by means of Humidex in the area of the city of Hardec Karlove 
(the Czech Republic) for the period from June to August 2011–2014, shows that July is the most 
adverse month, with the highest rate of “great discomfort” category, according to Středová et al. [12].. 
An application of Humidex for  determining thermal comfort was presented in a research conducted 
by Rana et al. [13].  
 
Close environment of Belgrade and Serbia was study area for several examples for of applying 
Humidex in the assessment of bioclimatic conditions. First was bioclimatic assessment of weather 
condition of Banja Luka (Republic of Srpska) for recreational purposes conducted by Pecelj and others 
[14]. Recently, Lukić et al. [15] investigated the bioclimatic conditions of the central part of Niš, based 
on the use of Humidex. The purpose of this research was to observe the index change on a daily basis 
during the hottest part of the year over the period from 1998 to 2017. 
 
 
STUDY AREA 
 
Belgrade is a city of international importance with the highest level of urbanization in the Republic of 
Serbia. It is the administrative center of Serbia, acting as the center of economy, tourism, transport, 
education, culture and history. The city is located on the Sava and Danube River, near the Mountain 
Avala (511m a.s.l.). According to the 2011 census [16] 1 659 440 permanent residents live in the 
wider Belgrade area (Belgrade Agglomeration), while the Belgrade settlement, which includes 
downtown and more urbanized part has a population of 1 166 763 inhabitants. City is located in a 
continental climate region where the maximum mean daily temperature occurs in July or August, 
while the minimum temperature occurs most frequently in January [17]. It is scientifically proven that 
Belgrade, as the largest urban area in Serbia, has specific bioclimatic conditions, such as an urban heat 
island with unfavorable conditions [18].  
 
As the main objective of the paper is to study the outdoor thermal comfort of the central urban area of 
Belgrade during summer season, daily meteorological data from the meteorological station Belgrade - 
Vračar for the period 1999-2018 have been considered. Based on the climate record of this station, 
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relevant meteorological parameters were used. The station is situated at an altitude of 132 meters and 
its geographical coordinates are 44° 48' N and 20° 28' E. This meteorological station was chosen 
because it is located in the most densely populated part of Belgrade and best reflects the bioclimatic 
conditions that occur in central urban areas. The city municipality of Vračar covers an area of 3 km2, 
inhabited by 57 483 inhabitants, which means that the population density is 19 161 inhabitants/km2 

(data by Statistical Office of the Republic of Serbia).  
 
 
METHODOLOGY  
 
In this study author have conducted a bioclimatic analysis for the hottest part of the year - summer 
months (June, July and August), which is based on the data obtained at the Belgrade weather station 
(44° 48' N, 20° 28' E), located in territory of city municipality Vračar. The meteorological data used in 
this research are taken from the Meteorological Yearbook for the period 1999-2018 [19]. The 
objective of the research is to observe daily changes in the values of the index discussed during the 
hottest part of the year during the period of 20 years (1999-2018). The research involved analyzing 
different Humidex values, the so-called “sub-indices” which were calculated on the basis of the 
hourly, daily and maximum values of meteorological parameters that were recorded (Table 1). The 
Humidex index was calculated by applying the BioKlima 2.6 software package [20]. 
 

Table 1.  Definition of indices used in the study 
 

Abbrevations Definition of sub-incices 
Humidex07h Calculated on the basis of the hourly (07h) values of meteorological parameters 
Humidex14h Calculated on the basis of the hourly (14h) values of meteorological parameters 

HumidexTmax, Calculated on the basis of mean daily temperature and humidity values 
Humidexdaily value Calculated on the basis of the maximum daily temperature (Tmax) 

 

Humidex (°C) is defined as a heat index that represents the subjective outdoor temperature that a 
human feels in a hot and humid environment. In other words, it is used as a measure of heat resulting 
from the combination of excessive humidity and a high temperature [12,13,14,21,22]. The human 
body has the ability to respond to environmental conditions and acclimatize to it, but exposure to 
extreme heat may overcome the resistance of the human body and be harmful for human health [23]. 
Extreme heat conditions occur when Humidex exceeds specific thresholds (Humidex >30).  
 
If the Humidex value reaches ≥35, we can say that the environmental conditions are becoming 
potentially dangerous. Therefore, we can expect that the feeling of discomfort will occur in the 
outdoor environment, as well as various medical problems and even some more serious health 
disorders, such as severe fatigue and heatstroke [24]. This model was first proposed during the 1960s 
and it was called Humiture [25]. Later it was established by the Canadian meteorologists [21].  
 
Using the two main dimensions of heat stress, the Canadian meteorologists devised the Humidex 
range (Table 2) and proposed a formula for calculating this index, which was adopted later. It is 
calculated as follows: 
 

������� = 	
 + 	0.5555	 · 	 (��	 − 10)	
Where, vp is air vapour pressure (hPa) and vp = 6.112·10 (7.5·t/(237.7+t)) ·f/100) 

 

Here, t is air temperature expressed in Celsius degrees (°) and f is relative humidity expressed in 
percent (%). According to Environment Canada, Humidex-related hazards are as follows table 2.  
 

Table 2. The scale of Humidex and the degree of comfort, source: [21,22] 
 

Range of Humidex Degree of comfort 
<29 Comfortable A little discomfort, fatigue with prolonged  physical activity is possible 

30–39 Some discomfort Exhaustion due to heat is possible with prolonged physical activity 

40–44 Great discomfort Avoid strenuous physical activity, possible heat cramps or heat exhaustion 

45–54 Dangerous Prolonged physical activity can lead to heat stroke 

>55 Very dangerous A heat stroke is unavoidable if physical activity continues 
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RESULTS AND DISCUSSION  
 
Under the influence of climate change, the climate and microclimate of Serbia and its surroundings, 
especially urban areas are subject to constant change, and adverse weather conditions are becoming 
more frequent. Minimizing their effects, establishing sustainability and improving living conditions in 
urban areas is becoming a true challenge for urban planners, architects, ecologists, climatologists and 
other experts who are dealing with spatial and ecological development. As a result, an increasing 
number of studies are emerging related to the observation of heat waves and their frequency, outdoor 
thermal comfort, the occurrence of extreme temperatures in the hotter part of the year and drought 
across the region etc. [15,18,23,26,27,28,29,30]. The findings of numerous studies exploring different 
aspects of the weather conditions in Serbia indicate a steady increase in the average annual air 
temperature and show that these changes are especially noticeable during the summer season [15]. 
According to Unkašević and Tošić [27] in terms of duration, intensity and the heat wave severity in 
the hottest summers occurred in the period from 1946 to 1952, 1988 to 1998 (particularly from 1992 to 
1995) and from 2000 to 2003. The longest heat waves were recorded in 1952, with 53 days in 
Belgrade and 62 days in Niš (out of the total number of the days in the year). In other work, Unkašević 
and Tošić [31] particularly singled out the heat wave that occurred in Serbia in 2007 and lasted from 
14th July to 27th July.  
 
The findings that have been obtained in this paper are in keeping with the above studies. Figure 1, 2, 
and 3 show the ratio of the total number of days for each category of heat stress during the 
investigated period (June – August, 1999–2018). The graph clearly shows that June in Belgrade is the 
most favorable month from the bioclimatic point of view during warm, summer season. The pleasant 
feeling of being outdoors is especially present during the morning hours, at 7 a.m. In the morning the 
prevalent category is the one defined as “comfortable” (Humidex <29). Similar results were obtained 
based on the mean values of meteorological parameters (Humidexdaily value) (Figure 1). Apart from the 
comfortable category of outdoor thermal comfort, days in which Humidex belongs to the category of 
“some discomfort” (30-39) on a daily level are to some extent represented. According to the 
representation of the category “some discomfort” on a daily level, 2003 and 2012 stand out. The 
highest reached heat stress category in June during this 20 years is “dangerous” (45-54) was recorded 
on June 12th 2010, when index value was 45.1.  
 
Outdoor thermal comfort in Belgrade is generally more adverse in July and August and this especially 
refers to the values recorded at 14:00 (Humidex14h) and during the part of the day when maximum 
temperature (HumidexTmax) was measured (Figure 2 and 3). Analyzing the results, it can be concluded 
that the weather conditions during July and August lead to unfavorable bioclimatic conditions, 
resulting in most days belonging to the categories of “some” (30-39) and “great discomfort” (40-44), 
with periodic recording of the most severe categories of heat stress (dangerous and very dangerous). 
Under these conditions, the human body temperature rises and it can cause certain medical problems 
such as rash, thermal cramps, fatigue accompanied by nausea, dizziness, headache, a sudden rise in 
body temperature (sunstroke) and finally heatstroke [22]. There are some anthropogenic sources of 
heat that additionally reinforce adverse bioclimatic conditions, for example traffic, lighting, reduced 
wind speed etc. [11].  
 
The increasing temperature at Belgrade is also related to heat island processes, enhanced aerosols, and 
probably, the greenhouse effect, so these records may serve as a valuable tool to monitor potential 
greenhouse warming [17]. What should be highlighted in this paper is the fact that there is an 
increasing frequency of extreme temperatures and increasing index values over a 20-year period. 
During the first decade of the investigated period (1999-2008) maximum index values ranged most 
frequently around 43, with three cases when sub-index HumidexTmax exceeding threshold value of 45 
(dangerous). That was recorded in 2001 (HumidexTmax=47.01, August 11th), 2003 
(HumidexTmax=45.20, July 4th) and 2007 (HumidexTmax=45, August 24th). The second decade (2009-
2018) proved to be more bioclimatically unfavorable, which confirms assertions that weather and 
bioclimatic conditions in Serbia have been changing year by year. Maximum values were ranged 
between 44 and 45, noting that the threshold of 45 for the category “dangerous” (45-54) was exceeded 
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5 times (in 2010, 2011, 2015, 2016 and 2017). The highest recorded value during the whole period 
covered by the study was 55.07 (July 20
 
Apart from the goal of observing the change in the 
second part of the research was dedicated to separate observation of the first (1999
decades (2009-2018) to gain insight into what long
obtained showed that all sub-indices record decline in the number of days defined as “comfortable”
On the other hand, there was an increase in all the other categories characterized by a lower or higher 
degree of discomfort. The most noticeable changes were record
during July and August. If we look at the data obtained in July for Humidex
number of days with “some discomfort” rose from 61 (1999
by a one-third (almost 30% of increase). In August, Humidex
records the constant tendency of growth from 26 to 51 that is, the number of such days increased by 
almost 50% over a ten-year period. The smallest increase was recorded during June, on
the mentioned category (from 38 to 41). When it comes to the month of June, comparing the two 
decades of the study period, the changes that occurred with the Humidex
An increase can be observed in the values o
number of days with “great discomfort” from 8 (1999
decades, during July and August, Humidex
July from 23 to 32 days in the category “great discomfort”, and in August from 22 (1999
(2009-2018) in the same heat stress category. 
day, but also the mean daily values. Findings of U
temperature at Belgrade increased at rate of 0.1316
Humidexdaily value, the most pronounced changes were recorded in August. 
category “comfortable” was reduced from 213 (1999
the number of days with “some discomfort” rose from 97 (1999
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2015, 2016 and 2017). The highest recorded value during the whole period 
covered by the study was 55.07 (July 20th 2011). 

Apart from the goal of observing the change in the index value on a daily basis from year to year, the 
second part of the research was dedicated to separate observation of the first (1999

2018) to gain insight into what long-term changes can be expected
indices record decline in the number of days defined as “comfortable”

On the other hand, there was an increase in all the other categories characterized by a lower or higher 
The most noticeable changes were recorded in Humidex

f we look at the data obtained in July for Humidex07h

number of days with “some discomfort” rose from 61 (1999–2008) to 79 (2009
increase). In August, Humidex07h in the category of “some discomfort” 

records the constant tendency of growth from 26 to 51 that is, the number of such days increased by 
year period. The smallest increase was recorded during June, on

the mentioned category (from 38 to 41). When it comes to the month of June, comparing the two 
decades of the study period, the changes that occurred with the Humidex14h are much more interesting.
An increase can be observed in the values of Humidex14h, where there is a positive trend of rose in the 
number of days with “great discomfort” from 8 (1999–2008) to 16 (2009–2018). Comparing the two 
decades, during July and August, Humidex14h index recorded similar results: a positive change trend 
July from 23 to 32 days in the category “great discomfort”, and in August from 22 (1999

2018) in the same heat stress category. The changes do not only refer to the hottest part of the 
day, but also the mean daily values. Findings of Unkašević et al. [17] show that the mean summer 
temperature at Belgrade increased at rate of 0.1316°C/yr. On a daily average, ie. sub

, the most pronounced changes were recorded in August. Number of days in the 
was reduced from 213 (1999-2008) to 176 (2009-2018) 

the number of days with “some discomfort” rose from 97 (1999–2008) to 134 (2009

HumidexTmax                                                                       Humidex14h 

daily value                                                                       Humidex07h 
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Figure 1. Humidex heat stress categories in total, Belgrade, June, 1999-
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2015, 2016 and 2017). The highest recorded value during the whole period 

index value on a daily basis from year to year, the 
second part of the research was dedicated to separate observation of the first (1999-2008) and second 

can be expected. The results 
indices record decline in the number of days defined as “comfortable”. 

On the other hand, there was an increase in all the other categories characterized by a lower or higher 
ed in Humidex07h sub-index values 

, we can see that the 
2008) to 79 (2009–2018) which means 

in the category of “some discomfort” 
records the constant tendency of growth from 26 to 51 that is, the number of such days increased by 

year period. The smallest increase was recorded during June, only three days in 
the mentioned category (from 38 to 41). When it comes to the month of June, comparing the two 

are much more interesting. 
, where there is a positive trend of rose in the 

2018). Comparing the two 
index recorded similar results: a positive change trend in 

July from 23 to 32 days in the category “great discomfort”, and in August from 22 (1999-2008) to 30 
The changes do not only refer to the hottest part of the 

that the mean summer 
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2018) – over 17%, whereas 
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HumidexTmax                                                                       Humidex14h 

  
 

Humidexdaily value                                                                       Humidex07h 
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Figure 2. Humidex heat stress categories in total, Belgrade, July, 1999-2018 
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Figure 3. Humidex heat stress categories in total, Belgrade, August, 1999-2018 
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Since the mid-1980s the incidence of heat waves in Belgrade has increased and they occur on average 
every year, while before the 1980s, the average incidence of heat waves was once in every three years 
[26]. As Đorđević claims [30], in observed period (1957-2006) the rise of mean, maximum and 
minimum annual air temperature in Belgrade was prominent. Unkašević et al. [17] have been 
investigated trends in extreme temperatures for the Belgrade in the period 1975-2003 to assess how an 
increase in the mean summer temperatures is related to changes in the extreme maximum and 
minimum temperatures. They concluded that the rising mean summer temperatures at Belgrade are 
associated with a substantial increase in the occurrence of extreme maximum temperatures.  
 
Temperature extremes are a key aspect of any climate change because ecosystems and societal 
responses are most sensitive to them [17]. That is why in the last part of the research special attention 
was paid to the maximum values of the heat index. Figure 4, 5 and 6 show time series of the number 
of days for each heat stress category according to HumidexTmax for the all three months in the 20-years 
period. Linear graphs show that the most significant changes in outdoor thermal comfort are related to 
the category of “comfortable”.  
 
There was a linear decrease in the observed heat stress category: in June (1999-2018) it was -1.6 
days/10 years, in July it was – 2.41 days/10 years, and in August declining trend was -2.14 days/10 
years. As for the other categories of heat stress that present less or greater thermal discomfort, all 
categories (some discomfort, great discomfort, dangerous and very dangerous) are characterized by 
positive trend of linear increase. The highest growth trend shows category of  “some discomfort” (30-
39) in July and it was 1.54 days/10 years, then it followed by August (1999-2018) with positive trend 
of 1.12 days/10 years. Category of “very dangerous” heat stress shows linear increase just during July, 
with positive trend of 0.03 days/10 years.  
 
These findings indicate that July is the most adverse month in terms of the bioclimatic conditions on 
the territory of Belgrade during the summer. It is important to single out the fact that a similar changes 
were observed in August, as well, during the two decades of investigated period. From 1999 to 2018, 
mean index value gradually rose, according to Humidex14h and especially HumidexTmax. Values of 
these sub-indices have exceeded threshold 40 more often then in the past. 
 
Secondly, it has been observed that heat waves defined as prolonged periods of very high air 
temperatures [23], occurred more and more frequently during the second decade (2009-2018), with 
three or more consecutive days belonging to the “great discomfort” category (40–44). Considering the 
tendency of increasing daily temperatures and values of Humidex in August, it can be expected that in 
the coming decades a higher representation of the highest thermal stress category will occur. 
 

 
 

Figure 4. Time series of the number of days for categories of heat stress of HumidexTmax,  
in June, for the period 1999-2018 
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Figure 4. Time series of the number of days for categories of heat stress of HumidexTmax, in July, 
for the period 1999-2018 

 
 

 
 

Figure 4. Time series of the number of days for categories of heat stress of HumidexTmax,  
in August, for the period 1999-2018 

  
 
CONCLUSION  
 
The main goal of this study was to conduct analysis of bioclimatic conditions that occur in central 
urban area of Belgrade during the hottest part of the year - summer months (June, July and August). 
The research was based on climate record of the meteorological station Belgrade - Vračar for the 
period 1999-2018. This meteorological station was chosen because it is located in the most densely 
populated and built up part of Belgrade and best reflects the outdoor thermal comfort of central urban 
zones. For this purposes Humidex, a simple heat index was applied. Humidex, index based on just two 
meteorological parameters, gives reliable insight in extreme heat conditions which are caused by high 
air temperature and humidity.  
 
The results in this study help us to better understand the process of climate change, its impact on local 
bioclimatic conditions and how it affects human beings and ecosystems in urban environment. 
Outdoor thermal comfort in Belgrade is generally more adverse in July and August and this especially 
refers to the values of sub-indices Humidex14h and HumidexTmax. Under these conditions, the human 
body temperature rises and it can cause certain medical problems. Those risks are higher in urban 
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areas, as a consequence of a combination of natural factors (weather conditions) combined with 
anthropogenic influences. The increasing temperature and extreme phenomena at Belgrade are also 
related to heat island processes, enhanced aerosols, and probably, the greenhouse effect.  
 
The results obtained were analyzed at two levels: first was observing the change in the index value on 
a hourly and daily basis from year to year, and second was separate observation of the first (1999-
2008) and second decades (2009-2018) of the investigated period to gain insight into long-term 
changes. The results showed that all sub-indices record decline in the number of days defined as 
“comfortable” (Humidex <29) during all three months, which leads to constant increase in all the other 
categories of lower or higher degree thermal discomfort. The most pronounced decline in the number 
of “comfortable” days occurred during July and August, and especially with the sub-index 
Humidex14h.. Number of days in the category of “comfortable” was reduced from 124 (1999-2008) to 
83 (2009-2018), ie. over 33% of decrease in July, and in August it was was reduced from 111 (1999-
2008) to 70 (2009-2018), which means almost 37% of decrease. Trend lines for each month presented 
in this paper also confirm that the most significant changes in outdoor thermal comfort in Belgrade 
during a twenty-year period are related to the category of “comfortable”, with a negative trend in July 
of -2.41 days/10 years.  
 
 
ACKNOWLEDGEMENT 
 
The paper represents the results of research on the National project supported by Ministry of 
Education, Science and Technological Development, Republic of Serbia No. 176008. 
 

(Received September 2019, accepted September 2019) 
 
LITERATURE  
 
[1]  Stevović, S., Mirjanić, S., & Đurić, N. (2017). Sustainable urban environment and conflict of resources 

management. Journal Archives for Technical Sciences, 17 (1), pp. 79-87.  
 https://doi.org/10.7251/afts.2017.0917.079S  
[2]  Geletič, J., Lehnert, M., Savić, S., Milošević, D. (2018). Modelled spatiotemporal variability of outdoor 

thermal comfort in local climate zones of the city of Brno, Czech Republic. Science of the Total 
Environment, 624, pp. 385-395. https://doi.org/10.1016/j.scitotenv.2017.12.076 

[3]  Heidari, R.H., Golbabaei, F., Jang, A.S., Shamsipour, A.A. (2016). Validation of humidex in evaluating 
heat stress in the outdoor jobs in arid and semi-arid climates of Iran. Journal of Health and Safety at 
Work, 6 (3 ), pp. 29-42. http://jhsw.tums.ac.ir/article-1-5466-en.html 

[4]  Alfano, F., Palella, I.B., Riccio, G. (2011). Thermal Environment Assessment Reliability Using 
Temperature - Humidity Indices. Industrial Health , 49, pp. 95–106. 

  https://doi.org/10.2486/indhealth.ms1097 
[5]  Burke, M., Sipe, N., Evans, R., Mellifont, D. (2006). Climate, Geography and the Propensity to Walk: 

environmental factors and walking trip rates in Brisbane. Collection of paprers from 29th  Australasian 
Transport Research Forum, ATRF 06. Queensland, Australia: Griffith University, pp. 1-17. 
http://hdl.handle.net/10072/13325 

[6]  Zhang, W., Du, Z., Zhang, D., Yu, S., Huang, Y., Hao, Y. (2016). Assessing the impact of Humidex on 
HFMD in Guangdong Province and its variability across social-economic status and age groups. 
Scientific Reports, 6, pp. 1-8. https://doi.org/10.1038/srep18965 

[7]  Oleson, K.W., Monaghan, A., Wilhelmi, O., Barlage, M., Brunsell, N., Feddema, J., Hu, L., & Steinhoff, 
D.F. (2013). Interactions between urbanization, heat stress, and climate change. Climatic Change, 129 (3-
4), pp. 525–541. https://doi.org/10.1007/s10584-013-0936-8  

[8]  Hamdi, R., Duchêne, F., Berckmans, J., Delcloo, A., Vanpoucke, C., Termonia, P. (2016). Evolution of 
urban heat wave intensity for the Brussels Capital Region in the ARPEGEClimat A1B scenario. Urban 
Climate, 17, pp. 176-195. https://doi.org/10.1016/j.uclim.2016.08.001 

[9]  Ho, H.C., Knudby, A., Xu, Y., Hodul, M., Aminipouri, M. (2016). A comparison of urban heat islands 
mapped using skin temperature, air temperature, and apparent temperature (HUMIDEX), for the greater 
Vancouver area. Science of the Total Environment, 544, pp. 929–938.  

 https://doi.org/10.1016/j.scitotenv.2015.12.021  
[10]  Mekis, É., Vincent, L.A., Shephard, M.W., & Zhang, X. (2015). Observed trends in severe weather 

conditions based on HUMIDEX, wind chill, and heavy rainfall events in Canada for 1953–2012. 
Atmosphere-Ocean, 53 (4), pp. 383–397. https://doi.org/10.1080/07055900.2015.1086970 



Lukic, M. An analysis of the …...                              Archives for Technical Sciences 2019, 21(1), 75-84 

                   Technical Institute Bijeljina, Archives for Technical Sciences. Year XI – N0 21.              84 

[11]  Giannopoulou, K., Livada, I., Santamouris, M., Saliari, M., Assimakopoulos, M., Caouris, Y. (2014). The 
influence of air temperature and humidity on human thermal comfort over the greater Athens area. 
Journal Sustainable Cities and Society, 10, pp. 184-194. https://doi.org/10.1016/j.scs.2013.09.004 

[12]  Středová, H., Středa, T., & Litschmann, T. (2015). Smart tools of urban climate evaluation for smart 
spatial planning. Moravian Geographical Reports, 23 (3), pp. 47-57. https://doi.org/10.1515/mgr-2015-
0017 

[13]  Rana, R., Kusy, B., Jurdak, R., Wall, J., Hu, W. (2013). Feasibility analysis of using Humidex as an 
indoor thermal comfort predictor. Energy and Buildings, 64, pp. 17-25. 

  https://doi.org/10.1016/j.enbuild.2013.04.019 
[14]  Pecelj, M., Pecelj, M., Mandić, D., Pecelj, J., Vujadinović, S., Šećerov, V., Šabić, D., Gajić, M., Milinčić, 

M. (2010).  Bioclimatic Assessment of Weather Condition for Recreation in Health Resorts. In N. 
Mastorakis, V. Mladenov, M. Demiralp, Z. Bojkovic (Eds.), Advances in Biology, Bioengineering and 
Environment (pp. 211-214). http://www.wseas.org/multimedia/books/2010/Vouliagmeni/BIOLED.pdf 

[15]  Lukić, M., Pecelj, M., Protić, B., Filipović, D. (2019). An evaluation of summer discomfort in Niš 
(Serbia) using Humidex. Journal of Geografical Institute “Jovan Cvijic” SASA, 69 (2), pp. 109-122. 
https://doi.org/10.2298/IJGI1902109L 

[16]  Statistical Office of the Republic of Serbia. (2014). Popis stanovništva, domaćinstava i stanova u 
Republici Srbiji, knjiga br. 20 (2011 Census of Population, Households, and Dwellings in the Republic of 
Serbia, Book No. 20) Retrieved from http://www.stat.gov.rs/sr-cyrl/publikacije/?d=4&r= 

[17]  Unkašević, M., Vujović, D., Tošić, I. (2005). Trends in extreme summer temperatures at Belgrade. Theor. 
Appl. Climatol., 82, pp. 199-205. https://doi.org/10.1007/s00704-005-0131-6 

[18]  Pecelj, M., Đordđević, A., Pecelj, M.R., Pecelj-Purković, J., Filipović, D., Šećerov, V. (2017). Biothermal 
conditions on Mt. Zlatibor based on thermophysiological indices. Archives of biological sciences, 69 (3), 
pp. 455-461. https://doi.org/10.2298/ABS151223120P 

[19]  Republic Hydrometeorological Service of Serbia. (1999–2018). Meteorološki godišnjak - klimatološki 
podaci (Meteorological Yearbook - climatological data). Retrieved from 

  http://www.hidmet.gov.rs/latin/meteorologija/klimatologija_godisnjaci.php 
[20]  Polish Academi of Sciences, Institute of Geography and Spatial organization, Department of Geoecology 

and Climatology, Błażejczyk, K. (2010). BioKlima (Version 2.6, Software for bioclimatic and 
thermophysiological studies). Retrieved from https://www.igipz.pan.pl/Bioklima-zgik.html 

[21]  Masterton, J., & Richardson, F.A. (1979). Humidex, a method of quantifying human discomfort due to 
excessive heat and humidity. Ontario: Atmospheric Environment Service Canada, Downsview, 45.  

[22]  Baum, S., Horton, S., Choy, D. L., Gleeson, B. (2009). Climate change, health impacts and urban 
adaptability: Case study of Gold Coast City. Urban Research Program, Research Monograph 11. 
Brisbane, Queensland: Griffith University. 

[23]  Basarin, B., Lukić, T., Matzarakis, A. (2016). Quantification and assessment of heat and cold waves in 
Novi Sad, Northern Serbia. International Journal of Biometeorology, 60 (1), pp. 139-150. 
https://doi.org/10.1007/s00484-015-1012-z 

[24]  Dankers, R., Hiederer, R. (2008). Extreme temperatures and precipitation in Europe: Analysis of a high 
resolution Climate Change Scenario. Luxembourg: European Commission, Joint Research Centre, 
Institute for Environment and Sustainability.  

[25]  Lally, V. E., & Watson, B. F. (1960). Humiture revisited. Weatherwise, 13 (6), pp. 254-526. 
https://doi.org/10.1080/00431672.1960.9940992   

[26]  Drljača, V., Tošić, I., & Unkašević, M. (2009). An analysis of heat waves in Belgrade and Niš using the 
climate index. Journal of the Geographical Institute “Jovan Cvijic” SASA, 59 (1), pp. 49-62. 
https://doi.org/10.2298/IJGI0959049D  

[27]  Unkašević, M., Tošić, I. (2009). An analysis of heat waves in Serbia. Global and Planetary Change, 65 (1-
2), pp. 17-26. https://doi.org/10.1016/j.gloplacha.2008.10.009 

[28]  Unkašević, M., Tošić, I. (2009). Heat waves in Belgrade and Niš. Geographica Pannonica, 13 (1), pp. 4-
10. https://doi.org/10.5937/GeoPan0901004U 

[29]  Unkašević, M., Tošić, I. (2009). Changes in extreme daily winter and summer temperatures in Belgrade. 
Theor. Appl. Climatol., 95, pp. 27–38. https://doi.org/10.1007/s00704-007-0364-7  

[30]  Đorđević, S. (2008). Temperature and Precipitation Trends in Belgrade and Indicators of Changing 
Extremes for Serbia. Geographica Pannonica, 12 (2), pp. 62-68. 
https://doi.org/10.5937/GeoPan0802062D  

[31]  Unkašević, M., & Tošić, I. (2011). The maximum temperatures and heat waves in Serbia during the 
summer of 2007. Climate Change, 108(1-2), 207-223. https://doi.org/10.1007/s10584-010-0006-4 


