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Biothermal conditions on Mt. Zlatibor based on thermophysiological indices
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Abstract: This paper presents part of the research in the field of human bioclimatology and refers to biothermal condi-
tions in different geographical environments in Serbia: an urban area and a mountain of medium height. The goal of the
paper was to show bioclimatic differences during the summer between the city of Belgrade (116 m a.s.l.) and the mountain
resort of Zlatibor (1498 m a.s.1.). The basic principle of bioclimatic analysis is the human heat balance between man and
environment. This methodological approach is a combination of physiological and meteorological parameters that result
in thermophysiological bioclimatic indices: heat load (HL) in man and the Universal Thermal Climate Index (UTCI). For
this analysis, weather data for July, as the warmest month, was obtained, using daily meteorological data for the decade from
2000 to 2010. Results for July indicate a considerable difference between the two abovementioned environments. HL in
Belgrade was dominated by degrees of comfort “hot” and “extremely hot, with the highest value of 4.540, while for Zlatibor
the dominant degree of comfort was “warm” The UTCI in Belgrade has dominated by strong heat stress and moderate
heat stress, compared to Zlatibor where the UTCI is dominated by moderate heat stress. In addition, a significant part of
the monitored decade on Mt. Zlatibor was without heat stress, with the exception of 2006 and 2007, indicating favorable
biothermal characteristics. Therefore, compared to Belgrade, with its considerably lower overall heat stress Zlatibor has the
characteristics of a site with favorable bioclimatic qualities.
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INTRODUCTION Serbia can be categorized as an air spa. We attempted
to compare the biothermal conditions of the Zlatibor
mountain resort with Belgrade, as the largest urban
area in Serbia. Zlatibor (1028 m) is a mountain situ-
ated in the western part of Serbia, a part of the Dinaric
Alps, and already confirmed as a climatic resort that
is characterized by a cool mountain climate, clean air
and long periods of sunshine during the summer, and

snow in winter. The Zlatibor plateau is an area where

Human bioclimatology is a discipline that strives to
understand the relationship between humans and the
atmosphere. It has developed a number of approaches
that can be used to demonstrate this relationship. One
such approach is the human heat balance between
man and environment, which is the basis for this
paper. The intention was to try to identify potential

geographical areas with favorable biothermal condi-
tions in order to designate them as air spa resorts.
In this process, health spa resorts are considered be-
cause they usually are places with a favorable climate
and with healing air. Since they are located mainly in
mountain valleys, their immediate surroundings are
dense forests, lakes, rivers and caves, all very conven-
ient for recreation. The goal of this paper was to use
bioclimatic analysis to determine if Mts. Zlatibor in
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mountains meet sea air currents, which, supposedly,
creates a favorable climate for healing air, particularly
for pulmonary, heart and thyroid diseases. Since Mt.
Zlatibor is already established as a favorable climatic
location, we considered the Belgrade urban area as a
good example for comparison. The assumption was
that Belgrade, as the largest urban area in Serbia, has
specific bioclimatic conditions, such as an urban heat
island with unfavorable conditions for recreation. Ex-
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isting heat waves should also be taken into considera-
tion. According to Drljaca [1], 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.

In the area of Belgrade, the influence of some me-
teorological parameters (temperature, solar radiation,
relative humidity and wind speed) on ozone produc-
tion and the daily profile of its ground level concentra-
tion has also been recognized [2].

Biothermal conditions are taken to be the re-
sponse of the human body to thermal stimuli that
shape the level of the actual heat load of an organ-
ism. To analyze biothermal conditions on Mt. Zlatibor,
the HL index was used and then compared with the
UTCI. HL in man is one of the thermophysiologi-
cal bioclimatic indices based on human heat balance,
derived from the MENEX (man-environment heat
exchange) model [3,4,5]. The UTCI, based on the
Fiala model, is one of the most advanced multi-node
thermophysiological models [6,9].

MATERIALS AND METHODS
Thermophysiological bioclimatic index

The analysis was performed using the MENEX model,
based on the human heat balance between man and
environment [3,13]. This approach uses both mete-
orological and physiological parameters as input data
in order to give the most complete bioclimatic condi-
tions possible. The result (output data), presents the
thermophysiological bioclimatic index of HL in man
and demonstrates a considerable difference between
the two mentioned investigated environments. HL
results were compared with the UTCI [11]. For this
calculation, daily meteorological data for July, as the
warmest month, was taken from Mt. Zlatibor and Bel-
grade weather stations for the period 2000-2010. HL
in man (nondimensional value) describes the load that
the process of adapting to the environment presents to
the central thermoregulatory system of a person. To
calculate this, a combination of three main heat fluxes
is used: total thermal accumulation (S), absorbed so-
lar radiation (R), and heat loss through evaporation
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(E). The UTCI is based on the Fiala multi-node model
[6,9,10], and includes the capability to predict whole-
body thermal effects, such as hypothermia and hyper-
thermia, heat and cold discomfort, and local effects, i.e.
the cooling of the face, hands and feet, and frostbite.
[6] This scale is based on the intensity of objective
physiological reactions to environmental heat stress
in a wide range of weather conditions and climates.

Analysis of human heat balance

Analysis of the human heat balance between man and
environment requires two types of data: meteorologi-
cal data (air temperature, wind speed, air humidity,
radiation, cloudiness) and physiological parameters
(temperature of a person’s skin, metabolic heat gen-
eration, insulation of clothes, albedo of clothes and
the speed at which the person moves) [13]. For the
purpose of calculating the indices of HL in man and
the UTCI, average daily values of meteorological pa-
rameters in July for the decade from 2000 to 2010 were
used. As a result, certain heat fluxes (such as absorbed
solar radiation, convection, evaporation, breathing,
long wave radiation) and thermophysiological bio-
climatic indices of HL in man and the UTCI, were
obtained. All calculations were performed using the
“BioKlima 2.6©” software package. (http://www.igipz.
pan.pl/geoekoklimat/blaz/BioKlima.htm).

RESULTS AND DISCUSSION

Results of daily values of heat load and the UTCI
in Belgrade and on Mt. Zlatibor for the aforemen-
tioned period are presented applying the described
bioclimatic methodology. Results refer to physiologi-
cal parameters for a person with a metabolic heat of
135Wm, dressed in a business suit and moving at a
speed of 1.1 ms™.

Heat load indices in Belgrade are presented in
Table 1 showing the presence of “extremely hot” and
“hot” discomfort. The degree of comfort “warm” is also
present, but to a lesser degree. When years are analyzed
separately, it was noticeable that the years 2000, 2006,
2007 and 2008 each had over 15 days (more precisely,
16, 15 and 22 days, respectively) with the “extremely
hot” HL. The greatest number of days with the HL
“warm” was recorded in 2004 (eleven days). Other years
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Table 1. Daily values of the human HL index in July, Belgrade (2000-2010).
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According to the HL index scale, degree of comfort is presented by different colors, as follows:

had less than 10 days with this heat load. It should be
noted that during the predominantly unfavorable HL
period, there were 5 days with the HL “pleasant”. The
reason for this was a somewhat lower temperature and
higher wind speed. When the mean daily values of the
index for the abovementioned 11-year period were cal-
culated, it became clear that the dominating HL was
“hot’, with 26 such days, whereas during the remaining
5 days the HL was “extremely hot”

Finally, mean monthly values of the index for the
abovementioned period in Belgrade show a HL of “ex-
tremely hot” in 2000, 2006, 2007 and 2008, whereas
other years show a HL of “hot”. Mean monthly val-

HL_05

HL_04 | HL_03

HL_ 02 | HL_01 | HL 00 | HL_sr

ues of the index on Mt. Zlatibor show a combination
of “hot” in 2000, 2002, 2004, 2006, 2007, 2008, and
“warm” in 2001, 2005, 2009 and 2010 (Fig. 1).

Table 2 presents the HL index for Mt. Zlatibor and
shows the domination of the more pleasant degree of
comfort of “warm”. To a lesser extent, a disagreeable
degree of comfort is present in the years 2000, 2006
and 2007, when there were 6, 14 and 9 days, respec-
tively, with a HL of “extremely hot” and 10, 15 and 11
days, respectively, with the HL “hot”. In the remainder
of this period, the HL “warm” was recorded. It should
also be mentioned that there were 8 days in total with
the HL “pleasant”; however, they were unevenly dis-
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Fig. 1. Mean values of the HL index for the month of July during the period 2000-2010. The
red line shows te mean value of the HL index in Belgrade (HLsr_BG); the blue line shows the
mean value of the HL index on Mt. Zlatibor (HLsr_ZL). The more linear outline shows that
the “hot” degree of comfort is higher in Belgrade than on Mt. Zlatibor, even with the average
values of HL index for the given decade.

Table 2. Daily values of the human HL index in July, Mt. Zlatibor (2000-2010).
HL_06 | HL_05

According to the HL index scale, degree of comfort is presented by different colors, as follows:
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Table 3. Daily values of UTCI in July, Belgrade (2000-2010).
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Different colors indicate stress category relating to UTCI index, as foolows:

Day | UTCI00 | UTCIO1 | UTCI02 | UTCI03 | UTCI04 | UTCI05 | UTCI06 | UTCI07 | UTCI08 | UTCI09 | UTCI10 | UTClIsr

tributed. When it comes to the main daily values of
the index for observed period of eleven years, the
domination of the HL “hot” is noticeable, with an ex-
ception of three days with the HL “warm”

Table 3 presents daily values for the UTCI for
July in Belgrade. As expected, in Belgrade strong heat
stress and moderate heat stress dominate. There were
periods also in this decade when no thermal stress
was observed. Only one day in 2007 had very strong
heat stress.

As also expected, compared to Belgrade urban
area and due to its elevation and different geographi-

cal environment, Mt. Zlatibor has pleasant biothermal
conditions. This is evident in Table 4, which shows no
dominant heat stress for this decade. There were peri-
ods with moderate heat stress uniformly distributed in
the month of July throughout the investigated decade.
There was one day with strong heat stress in 2009 and
one with slight cold stress in 2001.

For the last twenty years of bioclimatic research,
researchers have been concentrating on studying the
direct relationship between the atmosphere and the
human body. This bioclimatic research is based on
the human heat balance between man and environ-
ment. Human heat balance models allow considera-
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Table 4. Daily values of UTCI in July, Mt. Zlatibor (2000-2010).
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day | UTCI00 | UTCIO1 | UTCI02 | UTCIO03 | UTCI04 | UTCI05 | UTCI06 | UTCI07 | UTCI08 | UTCI09 | UTCI10 | UTClIsr

Different colors indicate stress category relating to UTCI index, as follows:

tion of both the effects of heat exchange with the
atmosphere (stress) and the physiological response
(strain). Thus, we presented results of the thermo-
physiological indices HL in man and the UTCI. Both
indices are calculated for Belgrade urban area and
Mt. Zlatibor in order to demonstrate the difference
in bioclimatic conditions. Bioclimatic conditions in
Belgrade are clearly unpleasant, with the dominant
HLs of “extremely hot” and “hot”. The situation on
Mt. Zlatibor is somewhat more favorable, since the
dominant HL is “warm”. The heat loads “extremely

hot” and “hot” are also present there, but to a lesser
degree in comparison to Belgrade. The results for the
UTCI also show unpleasant bioclimatic conditions in
Belgrade, with a domination of strong heat stress and
moderate heat stress compared to Mt. Zlatibor, where
no heat stress dominates.

Comparison of bioclimatic conditions on Mt.
Zlatibor and in Belgrade remind us of the specific
climatic conditions in urbanized areas with no con-
ditions for recreation. These are separate climate
entities, such as the urban heat island, reduction of
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wind and large spatial differences in solar radiation
penetrating to the bottoms of street canyons. As can
be observed, the indices represent relevant informa-
tion about the influence of climate on humans. They
can be used for identifying criteria for the presence of
adequate, acceptable or unacceptable conditions for
recreation in health and recreation centers, spas and
health resorts.
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