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Abstract

The study presents the results of detailed bioclimatological analysis of Banja Koviljaca. For the evalu-
ation of bioclimate conditions significant for human health and activities, more than 100 indices have
been developed. Indices based on human energy balance are proven to be the best for the evaluation
of human thermal comfort. This paper analyses the variations and trends of the PET (Physiological-

ly Equivalent Temperature) for Loznica meteorological station during the period 1961-2014. The fluctu-
ations are analyzed for all seasons and annual values. In order to gain better insight into the variations
of PET, seasonal and annual values of air temperature (Ta), relative humidity (RH), wind speed (v) and
cloud cover (CC) were investigated. Trends in the annual and seasonal time series were determined us-
ing Mann Kendal trend test. Additionally, trends in bioclimatological extremes were determined. The
results indicated that statistically significant increasing trends in annual and seasonal values of PET ex-
ist and that in the future the change in tourism season and recreation potential could change. The in-
crease of these values could be connected to the increase in Ta, decrease in RH, v and CC.
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Introduction

The thermal comfort of humans plays a significant role
in human health and activities, especially in tourism,
recreation and sport. More than 100 indices, for the
evaluation of bioclimatic conditions, were developed
during the last century (Epstein, Moran, 2006). Some
indices are usually called simple indices and they show
the joint effect on the human organism of several, in-
dividual meteorological variables such as air tempera-
ture, wind speed, and relative humidity. These indices
include Heat Index, Humidex and Effective tempera-
ture. They are based on empirical research but on the
other hand some are established on theoretical con-
siderations (Blazejczyk, et al., 2012). Other group is
comprised of indices that are derived from heat budg-
et models. These indices take into consideration the
conditions of heat exchange with the atmosphere
(stress) as well as the physiological response of the hu-

man organism (strain) (Blazejczyk, et al., 2012; Ha-
venith, 2001; Parsons, 2003).

In order to maintain the function of inner organs
and brain, it is crucial to preserve body core tempera-
ture within a narrow range around 37°C. The temper-
ature of skin and extremities can vary widely which
represents one of the mechanisms to keep heat pro-
duction and heat loss in equilibrium (Btazejczyk, et al.,
2012; Epstein, Moran 2006).

One of the indices that take this complicated mech-
anism of body heat production and loss into account
as well as the meteorological parameters is Physiolog-
ical Equivalent Temperature (PET). PET was devel-
oped on the Munich Energy-balance Model for In-
dividuals (MEMI) and uses the well-known unit for
temperature (°C), which makes the results easier to in-
terpret and understand (Hoppe, 1999; Matzarakis, et
al., 1999). The PET (°C) is defined as a combination of
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aspects that deliver the equivalent temperature of ref-
erence environment characterized by vapour pressure
of 12 hPa (50 % at 20 °C) and still air (0.1 m/s), at which
the reference person maintains heat balance with core
and skin temperature equal to those under the condi-
tions being assessed (Hoppe, 1999).

During the last 100 years there has been an increase
in global mean temperature between 0.4°C and 0.8°C
(IPCC 2007). But, also the overall warming was found
to be even steeper during the second half of twenti-
eth century with a trend over the period 1979-2005
of more than 2.5°C per century (Brohan, et al., 2006;
Smith, Reynolds, 2005). In Europe this trend was dis-
tinguished from 1979 onward (Klein Tank, Kénnen,
2003; Moberg, Jones, 2005; Brunet, et al., 2006; Del-
la-Marta, et al., 2007). Several studies concerning Eu-
ropean seasonal warming trends suggest that there
is an increase in winter temperatures in central and
northern Europe while the increase in summer and
spring is not significant (Klein Tank, Kénnen, 2003;
Luterbacher, et al., 2004; Smith, Reynolds, 2005; IPCC,
2007; Ballester, et al., 2010).

Bajat et al., (2015) conducted the spatial analysis
of annual and seasonal temperature trends in Ser-
bia during the period 1961-2010 using mean month-
ly data from 64 meteorological stations. The study
showed that there are two periods in data, one before
the change and the second after. Negative trends were
observed for the period before the change year except
for winter season, while there was more pronounced
positive trend after the change (Bajat, et al., 2015).

The changes in bioclimatological indices were not
studied so extensively. Zaninovi¢ and Matzarakis
(2007) showed that in PET series for Hvar (Croatia),
the warming trend occurs around 1980’. Also stud-
ies about future bioclimate conditions (2071-2100)
based on scenarios of IPCC second report on emis-
sion (SRES) A1F and B1A, which represent a worst and
a moderate climate case, help identify the areas with
extreme and uncomfortable thermal conditions and
heat stress affections. It was shown that in many re-
gions of the world, e.g. the Mediterranean and North
America, changes in thermal perception by humans
would outpace changes in air temperature. These re-
sults imply that the effects of climate change on hu-
man health and well-being have been underestimat-
ed in past studies, mainly because they were based on
air temperature changes rather than changes in PET,
which describes the effects of meteorological and
thermo-physiological parameters (Matzarakis, Ame-
lung, 2008).

The first results of biometeorological parameters
for Vojvodina, North Serbia were given by Basarin,
et al., (2014). Respective authors presented a detailed
analysis of climate and weather for tourism purposes

(for two special nature reserves in Vojvodina, “Gorn-
je Podunavlje” near Sombor and “Carska bara” near
Zrenjanin), including important parameters such as
Physiologically Equivalent Temperature (PET) and
Tourism Climate Index (TCI). Analysis and assess-
ment of the climate tourism potential (PET analy-
sis) at the investigated sites, for the period 1949-2012,
showed that present summer conditions are already
hot for several touristic activities. This was not only
the case during summer (for PETavrg), but also in
spring and in autumn (for PETmax and PET14).

This is why it is of great importance to study trends
in bioclimatological indices as well as their extremes.
The aim of this study is to analyze the variations and
trends of PET at annual and seasonal scale as well as
trend and variations of main meteorological parame-
ters necessary for the calculation of PET (air temper-
ature, relative humidity, wind speed and cloudiness).

Material and methods
Banja Koviljaca is located in the Jadar region, in the
northwestern part of Serbia (Figure 1). It belongs to
Loznica municipality and is one of the oldest spas in
our country, with the long tourism tradition (Gajic,
Vujadinovi¢, 2010). Mean annual temperature for the
meteorological station Loznica is 11.6°C, with July be-
ing the hottest and January being the coldest month.
For the calculation of PET daily meteorological
data from Loznica (44°33’ N, 19°14’ E) meteorological
station was used for period 1961-2014. RayMan mod-
el, modelling software (Matzarakis, et al., 2007; Mat-
zarakis, Endler, 2010) was used to calculate PET val-
ues. It uses air temperature (Ta), relative humidity
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Figure 1. Map of Serbia and investigated site (dot)

128 | Geographica Pannonica * Volume 20, Issue 3, 127-135 (September 2016)



(RH), wind velocity (v), cloud cover (CC) and mean
radiant temperature (Tmrt) as well as human param-
eters such as height, weight, clothing insulation and
activity. The values of PET are graded as an index for
showing thermal sensation felt by humans (Matzara-
kis, Mayer, 1996) (Table 1).

Table 1. Physiological equivalent temperature (PET) for
different grades of thermal sensation and physiological
stress on human beings (Matzarakis, Mayer, 1996)

PET (°C) | Thermal sensation | Physiological stress level
<4 Very cold Extreme cold stress
4-8 Cold Strong cold stress
8-13 | Cool Moderate cold stress
13-18 | Slightly cool Slight cold stress
18-23 | Comfortable No thermal stress
23-29 | Slightly warm Slight heat stress
29-35 | Warm Moderate heat stress
35-41 | Hot Strong heat stress
>41 Very hot Extreme heat stress

In order to present bioclimatic conditions, PET val-
ues are analyzed by means of the annual course of the
10-day mean values of thermal sensation at 7.00 a.m.,
2.00 p.m. and 9.00 p.m. during the year. For this pur-
pose, daily meteorological data from Loznica for peri-
0d 1993-2014 measured at 7.00 a.m., 2.00 p.m. and 9.00
p-m were used.

Calculated daily PET values were used in order to
obtain mean monthly and annual series. Also, based
on daily Ta, RH, v and CC mean monthly and annu-
al values were calculated. Short-term fluctuation is
time series were removed using 11 year running mean.
Trends in the annual and seasonal time series were de-
termined using Mann Kendal trend test (Mann, 1945;
Kendall, 1976). In order to gain better insight into
the bioclimatological fluctuations at Banja Koviljaca
the extreme values of PET were calculated (Table
2). For warm extremes annual number of days with

Table 2. Definitions of extreme PET indices used in this study
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PET above 29°C and 35°C thresholds were calculated
as well as monthly maximum value of daily PET and
percentage of days when PET>goth percentile. For the
percentile based extremes base period 1971-2000 was
used, as one of the reference periods recommended
by World Meteorological Organization (WMO). For
cold extremes annual number of days with PET be-
low 0°C and -10°C were used as well as monthly mini-
mum value of daily PET and percentage of days when
PET<1oth percentile. The number of days with com-
fortable thermal conditions was also calculated. Like-
wise, following Basarin et al., (2016) intensity and du-
ration of heat and cold waves were computed (Table 2).
In order to determine the presence of positive or neg-
ative trends in extreme values Mann Kendal trend test
was employed.

Results

The different thermal sensations according to PET val-
ues at 7 a.m. and 2 p.m. and 9 p.m. in ten-day periods
are shown in Figure 2a. The analysis of Banja Koviljaca’s
10-day mean PET values between 1993 and 2014 dem-
onstrate that extreme cold stress may be experienced
in morning and evening hours during the colder part
of the year (from the end of October through the third
ten-day period of March). The extreme cold stress is rel-
atively less observed during afternoons. Better thermal
comfort conditions are seen during spring and fall. The
second half of April, May, September and the first half
of October are characterized by PET values that seem
to be comfortable mostly throughout the day. During
summer, June, July and August, comfortable thermal
conditions are experienced in the morning and late af-
ternoon. During noon in these months, a hot stress can
be seen (Figure 2a).

The relative frequencies for PET values divided into

11 classes are presented in Figure 2b. Specific class pre-
sents thermal conditions for ten-day intervals through-
out the year during the period 1961-2014. Thermal

PETO Annual count of the days when PET<0°C Days
PET-10 Annual count of the days when PET<-10°C Days
PETx Monthly maximum value of daily PET °C

PETn Monthly minimum value of daily PET °C

PET10p Percentage of days when PET<10th percentile Days
PET90p Percentage of days when PET>90th percentile Days
PEThw Annual count of days with at least 6 consecutive days when PET>95th percentile Days
PETcw Annual count of days with at least 6 consecutive days when PET<5th percentile Days
PET35 Annual count of the days when PET>35 (extreme heat stress) Days
PET29 Annual count of the days when PET>29 (heat stress) Days
PET Annual count of the days when PET is between 18 and 23 (comfort range) Days
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Figure 2. Bioclimate diagrams showing a) annual course of 10-day mean PET values at 7 a.m., 2 p.m. and 9 p.m for the
period between 1993 and 2014; b) Relative frequency diagrams of mean daily PET for the period from 1961 until 2014

comfort occurs from the end of March until October
according to mean daily PET values. PET values be-
tween 18 and 23°C with highest probability (>25%) oc-
cur in the third ten-day period in April, May as well as
in the end of September and October. PET classes that
indicate cold stress (<0°C) conditions can be observed
even from the beginning of October to mid-April with
highest frequencies (higher than 50 %) during the cold-
er part of the year. Days with strong heat stress, defined
as PET values >35°C can be observed from the begin-
ning of June until September with maximum frequen-
cies (~20%) during July (Figure 2b).

Mean annual PET values for the period 1961-2014
as well as PET anomalies are shown in Figure 3. Ref-
erence period used for the calculation of PET anoma-
lies is period between 1971-2000, since this is the one
of the current standard normal periods according to
the WMO. Mean annual PET value for the reference
period is 12.1°C, while for the period 1961-1971 it is
10.1°C. During the last 15 years mean annual PET val-
ue is the highest, 13.1°C. Throughout the investigated
period, highest mean annual PET value was observed
in 2013, 16.1°C, while the lowest is measured in 1962,
8.5°C (Figure 3).
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Figure 3. Mean annual PET values and PET anomalies
derived from base period of the 1971-2000 for the
investigated station

Negative PET anomalies could be observed from
the beginning of the investigated period until 1973,
with minimum values of -3.3°C. Years 1962, 1964 and
1965 are seen as the years with lowest annual PET val-
ues and largest negative anomalies. Since 1973, pos-
itive anomalies prevail with the exception of 1996
when largest negative anomaly of 1.6°C occurred in
the second part of the investigated period. During the
last six years largest positive anomalies are observed.
The years with highest annual PET values and larg-
est positive anomalies, higher than 3°C, are 2013, 2014
and 2012 (Figure 3).

Figure 4 shows variations in mean annual PET val-
ues, Ta, RH, v and CC. The fluctuations and trends of
seasonal and annual values of PET as well as the mete-
orological parameters that influence the thermal com-
fort as Ta, RH, v and CC have been determined. Gen-
erally, mean annual PET values have increasing trend
during the entire investigated period. The PET values
show a visible warming since the late 1960’s (Figure
4a). Running mean (bolder black line, Figure 4a) show
increasing trend until 1987, when PET values start to
decrease. This decrease lasted until 2001, when a sud-
den and large increase begin. Linear trend indicates
an increase of 0.063°C per year, while the results of
Mann Kendall trend test show statistically significant
increasing trend of 0.059°C per year (Table 3). Season-
al values of PET have statistically significant increas-
ing trend throughout investigated period (Table 3).

During the investigated period, largely, increas-
ing trend in Ta is present (Figure 4b) Eleven year run-
ning average of Ta indicates that until 1981 the Ta is
decreasing. Since then increasing trend is present, and
linear trend indicates an increase of 0.04°C per year.
Mann Kendall test results show that there is statisti-
cally significant increasing trend in mean annual Ta
(Table 3). Seasonal values of Ta are rising during the
last 50 years. This increase is also statistically signif-
icant (Table 3).

Decrease in mean annual values of RH could be
seen during the entire investigated period (Figure 4c).
Eleven year running average indicates that there is a
slight increase in RH between 1973 and 1985, and then
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Figure 4. Variations of the a) mean annual PET; b) mean annual Ta; ¢) mean annual RH; d) mean annual v; ) mean annual
CC. Also shown are linear trends and their weighted 11-year moving average series during the period 1961-2014

creases until 2005 when it starts to decrease again.
Mann Kendal trend test show that the decrease in an-
nual and seasonal values is not statistically significant
(Table 3).

Figure 4e shows variations in mean annual cloud
cover at Banja Kovilja¢a. During the investigated peri-
od only small fluctuations can be observed, with small

insert RH before continue to decline. Statistically sig-
nificant decrease in RH time series is present in annu-
al, spring and summer values (Table 3).

As with RH, wind speed is declining during the in-
vestigated 50 years (Figure 4d). From 1961 until 1986,
wind speed is decreasing when it reaches its mini-
mum annual value. After that period, it slightly in-

Table 3. The results of Mann Kendall trend test on annual and seasonal values of PET, Ta, v, RH and CC

Parameter Annual Spring Summer Autumn Winter
PET 0.05901° 0.072 0.08a 0.04b 0.052
Ta 0.04° 0.042 0.052 0.02> 0.04°
RH -0.03806" -0.06° -0.08° -0.01 -0.001
v -0.0072 -0.01 -0.007 -0.008 -0.003
cC -0.004 -0.007° -0.005 0.007875 -0.00581

a Statistical significance larger than 99% (p<0.01)
b Statistical significance between 95% and 99% (0.05>p>0.01)
< Statistical significance between 90 and 95% (0.1>p<0.05)
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Figure 5. Number of days with a) PET<0°C; b) PET>35°C; c)18°C<PET<23°C; d) heat waves. Also shown are linear trends

increase in the beginning of the time series and small
decrease during the period 1981-2014 (Figure 4e). Dur-
ing the last 50 years statistically significant trend was
not detected in annual as well as seasonal values (Ta-

ble 3).

Cold extremes (PETO, PET-10, PETcw, PETn)
Annual number of days with PET<0°C is generally
decreasing. The lowest number was detected in 2014,
only 64 days, while the highest is seen in 1962, 113
days (Figure sa). Mann Kendall trend test showed
that every year there are 0.39 days less with PET<0°C
(Table 4).

Similarly, days with extreme cold stress (PET<-10)
are declining. This decline is steeper, with the highest
number of days in 1962 (45 days), while in 2013 there
were no days with extreme cold stress. The decrease
in extremely cold days is statistically significant (Ta-
ble 4).

Cold waves, defined as six and more consecutive
days with PET below 5% (Basarin, et al., 2016), are get-
ting rare. The duration of cold waves indicates that the
longest cold wave prevailed in Banja Kovilja¢a during
1963, with January being the coldest month. On the
other hand, statistically significant decreasing trend
was not detected (Table 4).

In contrast to other cold extremes monthly mini-
mum value of daily PET is increasing every year, but
this increase is not statistically significant (Table 4).

Warm extremes (PET29, PET35, PEThw, PETx)
Annual number of days with extreme heat stress is
rising every year. The highest number of days with
PET>29°C was in 2003, more than 60, while the low-
est was detected in 1961, only 9. The results of the
Mann Kendall trend test indicate that there is a sta-
tistically significant increase in number of days with
PET>29°C, and that every year there are 0.44 extreme-
ly warm days more (Table 4). On the other hand, the
increase in number of days with PET>35°C is not sta-
tistically significant (Figure 5b, Table 4).

The intensity and duration of heat waves is shown
in Figure 5d. The threshold for the calculation of heat
waves is PET above 95%. Based on this threshold it
can be seen that the highest number of consecutive
days with extreme heat stress was observed in 2011,
for 48 days, in 2012, 47 days and in 2003, 37 days. The
hottest month according to this analysis was July
(Figure 5d). The increase in duration of heat waves
during last 50 years is statistically significant and
indicates that every year there are 0.44 heat waves
more (Table 4).

Similar to PETn, monthly maximum value of dai-
ly PET is rising, but the increase does not have statis-
tical significance (Table 4). The number of days with
PET values between 18°C and 23°C that correspond
to comfort range are decreasing every year for 0.22
days, and this decrease is statistically significant (Ta-

ble 4).
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Table 4. The results of Mann Kendall trend test on extreme values of PET for the period 1961-2014

PET-10 PETO PET29 PET35 PET PETx PETn PEThw PETcw
trend -0.19 -0.39 0.44 0m -0.22 0.04 0.03 0.44 -0.33
p value 0.01 0.00 0.00 0.25 0.05 0.79 0.32 0.00 0.14
Discussion nights is rising (Kurbis, et al., 2009; Bartholy, Pon-

Statistically significant increasing trends in annual
and seasonal values of PET indicate that in the future
the change in tourism season and recreation poten-
tial could change. The increase of these values could
be connected to the increase in Ta, decrease in RH, v
and CC. Statistically significant increase in Ta begun
in 1989 according to the analysis done on 64 meteoro-
logical stations in Serbia (Bajat, et al., 2015). The mod-
el they used in the analysis estimated temperature de-
crease of 0.01 to 0.87°C per decade until 1989 when it
begins to increase. The increase was estimated to be
0.18 to 3.62°C per decade. The increase was found to
be statistically significant (Bajat, et al., 2015). The sta-
tistically significant increase in Ta for Banja Koviljaca
found in this study is in a good agreement with the
studies done for Serbia as well as for Europe. In the re-
cent studies it was found that the increasing trends in
Ta in Europe started since 1970’s (Balling, et al., 1998;
Klein Tank, et al., 2002). Also, Gurevich et al., (2011)
reported that the increase in Ta in Israel started in the
late 1980’s while in Italy the changes in the trend of Ta
happened in 1981 (Toreti, Desiato, 2008). For Belgrade,
Unkasevi¢ and Tosi¢ (2005) found that the increasing
trend in Ta occurred in 1975.

The decrease in RH in annual and seasonal val-
ues found in this study is in good agreement with
the results of Goci¢ and Trajkovi¢ (2013) who found
that the RH values for Serbia are declining for all sea-
sons. They also reported the decrease in wind speed
for all seasons for the entire territory of Serbia (Gocic,
Trajkovi¢, 2013).

The changes in meteorological parameters that in-
fluence PET values indicates that the changes in tem-
perature have the greatest influence on fluctuations of
PET. Decrease of v, RH and CC amplify the influence
of the increasing trend of Ta on thermal comfort in
Banja Koviljaca.

Detailed analysis of climate extremes has recent-
ly been done on regional as well as on global scale.
One of the first global studies was done by Frich et al,,
(2002) who found that the ice days are decreasing but
on the other hand the number of days with Ta above
95% is increasing. Studies done since the IPCC report
(2007) mainly support the conclusions from the re-
port. It was concluded that the number of extremely
cold days and nights as well as frost days is declining
since 1960’s (Brown, et al., 2008; Ballester, et al., 2010).
In Europe the number of extremely warm days and
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gracz, 2007).

The analysis of bioclimatological extremes was not
that extensive. However, Zaninovi¢ and Matzarakis
(2007) found that fluctuations of the bioclimate indi-
ces at Adriatic coast show a visible warming around
1950’s and the increase is even more pronounced than
in the temperature (Zaninovi¢, Matzarakis, 2007). Also,
Bleta et al., (2014) examined the changes in number of
days with extreme PET and UTCI values at the island
of Crete. They reported the absence of clear either in-
creasing or decreasing trends during the 30-year period
1975-2004. This was explained by the complexity of the
examined human thermal indices that are based on the
energy balance of the human body and not on individ-
ual climatic parameters (Bleta, et al., 2014). Basarin et
al,, (2016) examined the duration and intensity of heat
and cold waves in Novi Sad during the last 60 years.
They found that the number of days with extreme heat
stress as well as the heat waves is increasing since 1981.
The analysis also showed that the heat waves are getting
longer while the cold waves are shorter and their num-
ber decreases (Basarin, et al., 2016).

According to the trend presented in this study it
could be expected that the extreme bioclimatological
conditions will change dramatically. The values of PET
calculated for the future (2071-2100) using the model
results according to the IPCC second report on emis-
sion scenarios (SRES) A1F and BiA indicate that the
changes in PET will outpace changes in air tempera-
ture. It is highly likely that the effects of climate change
on human health and well-being will de great and dra-
matic (Matzarakis, Amelung, 2008). Similar research
has been done on a regional level. For example, the
analysis of future climate conditions in Croatia indi-
cated the increase in the mean temperature and PET.
These changes will be seen earlier in coastal regions, es-
pecially southern Adriatic than in the continental part
of Croatia. Also, when the days with PET>35°C for the
base period (1961-1990) are compared with future peri-
ods P1 (2011-2040) and P2 (2041-2070) it could be seen
that the increase will be 24% and 60% in the most east-
ern parts of the country (Brosy, et al., 2014).

Increasing trend for warm extremes and decreas-
ing trends for cold extremes in Banja Koviljaca are
in correlation with similar studies. But in the future
these vales could become even more pronounced. The
study done by Krzic et al., (2011) indicated that the Ta
in Serbia according to emission scenarios A1B and A2
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will rise from 2 to 4°C. Also, the number of days with
temperatures above 30°C will rise while the days with
Ta below 0°C will decrease (Krzic, et al., 2011). These
results indicate that in the future extreme bioclimato-
logical events will change in Serbia and due to the po-
tential negative effects on human health it is necessary
to find the best mitigation strategies.

Conclusion

Climate change has boosted interest in climatic con-
ditions in almost all economic sectors, as well as the
tourism industry. Tourism industry as well as human
health services are looking to find a way to stay in-
formed, adapted and prepared for change. In the future,
more frequent and intense extreme events, higher air
temperature, more hot days, decreased daily amplitude,
more droughts, and more floods are expected.

The aim of this study is to present the detailed bio-
climatological analysis of popular tourist destination in
Western Serbia, Banja Kovilja¢a. The PET was calculat-
ed using daily meteorological data for Loznica meteor-
ological station during the period 1961-2014. The results
indicate that there are statistically significant increas-
ing trends in annual and seasonal values of PET. These
trends indicate that in the future the change in tour-
ism season and recreation potential could change. The
increase of these values could be connected to the in-
crease in Ta, decrease in RH, v and CC.

Bioclimatological warm extremes show statistical-
ly increasing trends, while the cold ones are decreas-
ing. These results are in good agreement with simi-
lar studies. In the future extreme bioclimatological
events will become more frequent in Serbia and due
to the potential negative effects on human health it is
necessary to find the best mitigation strategies.
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