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Heat load and cold stress can provoke annoyance and even health issues. These climatic situations should be avoided by
tourists and locals to prevent negative experiences. Thermal comfort indices are required, as they combine meteorological and
thermophysiological parameters. The Physiologically Equivalent Temperature (PET) is easy to understand and interpret also for
nonexperts like tourists or decision-makers. The Hungarian Meteorological Service and the University of Szeged run an urban
and a rural weather station close to Szeged, which build the basis for the human biometeorological analysis for a twelve-year
period between 2000 and 2011. The maximum, mean, and minimum air temperature of both stations were compared to detect the
differences of thermal dynamics. Heat and cold stress are quantified by analyzing the PET frequencies at 14 CET.The air temperature
of urban areas is on average 1.0∘C warmer than rural areas (11.4∘C). Heat stress is more frequent in urbanized areas (6.3%) during
summer months at 14 CET, while thermal acceptance is more frequent for surrounding rural areas (5.9%) in the same period. The
Climate-Tourism/Transfer-Information-Scheme is a possibility to present the meteorological and human biometeorological data
which is interesting for decision-making and tourism in a well-arranged way.

1. Introduction

Tourism is an important economic sector in Hungary repre-
senting 11% of the Hungarian GDP [1]. In 2011 about 9.8% of
the total employments were directly or indirectly related to
the tourism sector. The tourism potential of a region arises
from several influencing criteria, such as landscape, flora,
fauna, geographical position, topography, culture, leisure
opportunities, weather, and climate [2, 3]. One of the crucial
factors for tourists choosing a certain holiday destination is
the climatic conditions, followed by scenery and nature [4].

The climatic conditions vary between urbanized and rural
districts and therefore have to be investigated separately.
The urban climate is altered through the construction of
artificial structures and surfaces [5]. Every city has indi-
vidual thermal dynamics, which form a very heterogeneous
microclimate, depending on surface structure, height of the
buildings, street width, and numerous other factors. One
of the most important effects is the increased heat storage

of buildings, which can cause heat stress for human beings
during summer as well as a negative impact on recreation
and well-being. The heat wave in Europe 2003 recorded
predominant human deaths of about 14 802 in France, 2 045
in the United Kingdom, and 2 099 in Portugal [6]. The
knowledge of climate information is required for a better
tourism planning and for tourism industries. It should help
travellers to prepare and adapt to the climatic situation, and
it will protect tourists from negative climatic effects like heat
stress [7, 8]. Therefore it is crucial to ascertain the temporal
distribution of heat stress situations. Both city-planning and
tourism derive advantage from investigations of the urban
and rural climatic conditions [9]. Itmust be pointed out that it
is insufficient to evaluate the climatic variables separately.The
thermal sensation of humans is a combination of air temper-
ature, wind velocity, water vapour, and radiation fluxes [10–
12]. There are applicable human-biometeorological indices
which combine not only these meteorological parameters
but also several personal parameters [13–15]. In this study,
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the biometeorological conditions of a mid-sized city in
the south of Hungary and its rural surroundings are ana-
lyzed in terms of urban planning and vacation issues.
The mean, minimum, and maximum air temperature for
urban and rural areas around Szeged are presented. In
order to quantify thermal stress conditions, the frequen-
cies of PET classes, as well as the precipitation condi-
tions, for each ten-day interval of the year were analyzed.
The Climate-Tourism/Transfer-Information-Scheme gives a
clearly arranged overview of themost importantmeteorolog-
ical and human-biometeorological factors which influence
tourism potential and recreation. This paper offers a biocli-
matic information scheme developed for tourism purposes
for the medium-sized Hungarian city of Szeged that could
be used also for urban planning. It compares thermal and
climatic differences between the city and its surroundings.
Meteorological data comes from one urban and one rural
station and covers the period from 2000 to 2011.

2. Materials and Methods

In this study, meteorological and human-biometeorological
conditions of Szeged were analyzed. The city is located
in the south of Hungary in a huge plain, the so-called
Carpathian/Pannonian basin (Figure 1). Szeged is a mid-
sized city with 170 000 inhabitants and has a circuit street
system. The data for the period 2000–2011 is provided by
the Hungarian Meteorological Service and the University of
Szeged and has a time resolution of one hour [16, 17]. The
rural synoptic weather station is surrounded by grassland and
is located in the west of the city center of Szeged (Figure 1(c)).
The climate station in the heavily built-up city center is
separated; some measurement tools are located on the top of
the roof of a university building, while the Stevenson screen
is situated on a lawn beneath the roof station, in order to
conform to international regulations.

Evaluating the influence of meteorological parameters on
human beings, various thermal indices have been established,
which can be classified into three categories: elementary, bio-
climatic, and combined indices. Elementary indices usually
attach single parameters such as air temperature, sunshine
duration, and precipitation. The required synthetic values do
not have any thermophysiological relevance and are mostly
unproven [7]. Bioclimatic and combined indices, such as
the Tourism Climate Index (TCI) or the Physiologically
Equivalent Temperature (PET), take account of several cli-
matological parameters and also combine their effects. The
TCI developed by Mieczkowski [19] includes seven climato-
logical factors: two of them are in a bioclimatic combination
(Daytime comfort index and Daily comfort index) and three
are independent (precipitation, sunshine, and wind velocity).
The weak point of this index is that it does not rely on the
human energy balance. Recognising this weakness, Kovács
and Unger [20, 21] have aimed and presented methods to
replace the air temperature and relative humidity values as the
basis of Daytime and Daily comfort indices of the TCI with
the human-biometeorological index PET. In addition to TCI,
there are indices which include the effects of short- and long-
wave radiation fluxes on the human body, such as Predicted

Table 1: Threshold values of Physiologically Equivalent Tempera-
ture (PET) for thermal sensation and the physiological stress level
of human beings [18].

PET (∘C) Thermal sensation Physiological stress level
Very cold Extreme cold stress

4
Cold Strong cold stress

8
Cool Moderate cold stress

13
Slightly cool Slight cold stress

18
Comfortable No thermal stress

23
Slightly warm Slight heat stress

29
Warm Moderate heat stress

35
Hot Strong heat stress

41
Very hot Extreme heat stress

Mean Vote (PMV) [22], Standard Effective Temperature
(SET∗) [23], Universal Thermal Climate Index (UTCI) [24],
or Physiologically Equivalent Temperature (PET) [25–27].
The parameter used in this study is PET, which is defined
as the assessed air temperature under complex outdoor
conditions, at which the human energy budget is balanced at
typical indoor conditions. In order to calculate PET, several
parameters such as air temperature, wind velocity, relative
humidity, or vapour pressure and global radiation are needed.
PET is an indicator for thermophysiological stress and its
values are given in ∘C, which makes it easy to interpret
and understand also for nonexperts (Table 1) [26]. The
calculations for PET have been done by the use of RayMan
model [28, 29]. For analyzing the annual distribution, a PET
frequency diagram at 14 CET (Central European Time) for
the urban station was made for 10-day periods, as this time
span comes very close to the mean vacation duration [30, 31].
In addition, the average maximum, mean, and minimum air
temperature in urbanized and rural areas were analyzed.

More detailed information about tourism relevant to
climatological and bioclimatological parameters can be illus-
trated in theClimate-Tourism/Transfer-Information-Scheme
(CTIS).The threshold for the included thermal, aesthetic, and
physical facets is chosen as follows [30, 32, 33]:

Thermal Facet
(i) thermal acceptance (18.0∘C < PET < 29.0∘C),
(ii) heat stress (PET > 35.0∘C),
(iii) cold stress (PET < 4.0∘C).

Aesthetic Facet
(i) cloudiness (cloud cover < 4),
(ii) fog (relative humidity > 93%).
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Figure 1: Geographical location of Hungary in Europe (a) and of Szeged in Hungary (b) and characteristic land-use types and road network
of Szeged (c); A: road; B: circle dike; C: measuring point in the city centre (I) and in the rural area (◻); D: agricultural area; E: industrial area;
F: 1-2-storey detached houses; G: 5–11-storey apartment buildings; H: historical city core with 3–5-storey buildings (modified after [36]).

Physical Facet

(i) sultriness (vapour pressure > 18 hPa),

(ii) windy (wind velocity > 8m/s),

(iii) dry days (precipitation < 1mm),

(iv) wet days (precipitation > 5mm).

In CTIS, the absolute frequencies and probabilities of these
factors are given in 10-day intervals. Tomake the information
easier to understand for tourists and the tourism industry,
each factor given in CTIS can be ranked as positive or
negative and will be categorized in seven classes from “very
poor” to “ideal.” As heat stress, cold stress, fog, sultriness,
windy, and wet days are not favourable for tourism, these
factors are ranked as negative. On the other hand, thermal
acceptance, cloudiness, and dry days are presumed to be
beneficial for tourism. This means that a high probability
of heat stress is categorized as “very poor,” whereas a high
probability of thermal acceptance is evaluated as “ideal.”

3. Results

3.1. Annual Course of the Maximum, Mean, and Minimum
Air Temperature. Theannual courses of themaximum,mean,
and minimum air temperature in rural and urbanized areas
are shown in Figure 2 for each ten-day interval of the year.
Rural areas show marginal lower air temperature than urban
areas from November until May and become higher from
June to October. In the city of Szeged, 𝑇

𝑎,max is up to 0.8∘C
higher in April and up to 0.5∘C lower in September and
October compared to its surroundings. In general, 𝑇

𝑎,max of
urban areas ranges from 2.5∘C to 29.1∘C and in rural areas
ranges from 2.1∘C to 29.3∘C. The lowest 𝑇

𝑎,max occurs in
December and January, and the highest 𝑇

𝑎,max occurs in July.
The annual mean air temperature of urban areas is 12.4∘C,
while rural areas in the region of Szeged are 1.0∘C cooler.
The coldest period of the urban and rural areas is the first
ten-day interval of January with 0.1∘C and −0.8∘C, and the
warmest period occurs in the second ten-day interval of July
with 23.9∘C and 22.9∘C, respectively. In the winter months
(December to February), the urban areas have an average
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Figure 2: Mean annual course of the maximum, mean, and
minimum air temperature for urban and rural areas of Szeged.

𝑇
𝑎,mean of 1.5∘C, which is about 0.9∘C warmer than in rural

areas. In summer (June to August), it is even 1.1∘C warmer,
with an average 𝑇

𝑎,mean of 22.7∘C. The highest differences of
𝑇
𝑎,mean between urban and rural areas occur during summer

and add up to 1.4∘C. The average minimum air temperature
of rural areas compared to the city of Szeged is 1.5∘C lower
in winter and 2.6∘C lower in summer. It varies from −2.5∘C
to 18.5∘C in urban areas and for rural areas 𝑇

𝑎,min varies from
−4.1∘C to 16.0∘C.The lowest values of 𝑇

𝑎,min occur in January
and the highest values occur in July for both areas.

3.2. Physiologically Equivalent Temperature for Urban Areas
at 14 CET. The values of PET in the urbanized areas at
14 CET are grouped into the classes of thermal sensation
and physiological stress level (Figure 3).The class frequencies
are shown for each ten-day interval of the year. Due to this
well-arranged diagram, it is easy to detect the occurrence
and probability of thermal comfort, heat, and cold stress.
In the urbanized area the mean annual PET is 19.3∘C, with
maximum values up to 48.9∘C and minimum values up to
−15.8∘C. The range of PET values for the rural surroundings
ranges from −20.5∘C up to 50.6∘C, with an average of 17.8∘C.
Expressed in the thermal sensation scale, the meteorological
conditions in Szeged and its outer conurbation area go from
“very cold” to “very hot,” which are the upper extremes of the
scale.

Between the first ten-day interval of November and the
first ten-day interval of May, cold stress (PET < 4.0∘C) can
occur. The probability of cold stress increases rapidly from
8.3% in the first ten-day interval of November to 35.8% in
the third ten-day interval of November. In December the
occurrence triples and up to four of five days showPET values
< 4.0∘C. In winter (December until February) cold stress
dominates at almost two-thirds of the days. In December
and January the PET values do not exceed 18.0∘C, whereas in
February the first comfortable days (18.0∘C < PET < 29.0∘C)
can occur. During winter months the urbanized areas of
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Figure 3: Frequency diagram of PET at 14 CET based on ten-day
intervals for urban areas.

Szeged have an average PET value of 2.4∘Cat 14CET.While in
February thermal acceptance has a probability of 1.9%, which
is about one day every second year: it increases during spring
(March until May) with at least 40% of the days. The second
ten-day interval of April shows the highest probability of
thermal acceptance (65.0%) and neither cold nor heat stress
occurs. At an average of 18 days in April thermal acceptance
is expected and the probability of heat and cold stress is less
than 1%. In March, there is still a slight chance of cold stress,
while in May almost every fifth day produces heat stress. In
spring the mean PET at 14 CET is thermally comfortable in
general, with an average of 20.5∘C.

Heat stress (PET > 35.0∘C) may occur between the third
ten-day interval of April and the third ten-day interval of
August. During summer months (June until August) heat
stress occurs on average every second day (54.8%), while
there is a minor chance of thermal acceptance (16.0%). The
average value of PET at 14 CET during summer is 34.9∘C.The
highest risk of heat stress is given in August with an average
of 62.4% and accordingly about 19 days, while there are only 3
dayswhich are thermally comfortable. In autumn (September
until November) the number of comfortable days increases
rapidly.Thermal acceptance already dominates in September
with 45.3% compared to 15.8% of heat stress. Neither heat
stress nor cold stress occurs in October and every second
day (50.3%) is expected to be thermally comfortable. Per
year there are about 67 days of cold stress and 61 days
of heat stress in the city of Szeged, while at least 84 days
are thermally comfortable. The majority of the comfortable
days are detected in spring and autumn. The frequencies of
PET classes are very similar for rural areas and therefore
not shown in a figure separately. In general, cold stress is
more frequent (78 days per year) and heat stress occurs less
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Figure 4: Total amount of precipitation and amount of days with
precipitation (RR > 1mm) per ten-day interval at the urban station.

frequently (53 days per year), while there is no difference for
thermally comfortable days between urban and rural areas.

3.3. Precipitation in Szeged. In Szeged there are on average
73 days with precipitation per year at a total amount of
520mm. Most of the precipitation falls during summer, with
amaximumof 82mm in June falling within 8 days (Figure 4).
Compared to 25mm within 5 days in January, the winter
precipitation events are less intensive than during summer.
Between May and July precipitation events occur during
24% of the days. There are only marginal differences of
precipitation between the urban and the rural station, due to
the relatively short horizontal distance between the stations
and the homogeneous area.

3.4. Climate-Tourism/Transfer-Information-Scheme. In
Figure 5, the probability of thermal acceptance, heat and cold
stress, cloudiness, fog, sultriness, wind, and dry and wet days
at the urban station are shown for 14 CET for each ten-day
interval. In April and October, up to 70% of the days are
thermally comfortable, while during summer there are only
on average 5 days per month with high thermal comfort.
Regarding the difference between the urban and the rural
station (Figure 6), it is noticeable that during spring and
autumn the probability of thermal acceptance is up to 20%
lower in the city than at the rural station, but there is a higher
chance during summer months.

Heat stress is possible fromMay until September, with the
highest probabilities in July and August, when PET exceeds
29.0∘C for almost two-thirds of the days. In rural areas heat
stress occurs less frequently than in urban areas. Between
October and April cold stress might occur; in the second ten-
day interval of December 84% of the days cause cold stress. In
general, two out of three days show a PET below 4.0∘C during
winter months. At the rural station, the possibility of cold
stress is slightly higher than at the urban station (Figure 6).

Mean annual cloud cover of Szeged is 5 octas, with small
differences between the seasons. During summer it is up to
40% less cloudy than during winter months. Sultriness can
occur in May and October, with the highest probability of
30% in July and August. Wind and fog seem to have almost
no impact on the human well-being in the region of Szeged,
as they hardly exceed the given threshold values.

Generally eight out of ten days are presumed to be dry
days, with less than 1mm of precipitation per day. About
33 days of the year are wet days with more than 5mm of
precipitation. There are only little annual differences in the
amount of dry and wet days.

4. Discussion

The differences of the air temperature and PET between the
urban and the rural area are a result of the anthropogenic
urban structures. The energy balance in urbanized areas is
influenced by the composition, degree of sealing, surface
roughness, street orientation, and thermal characteristics.
Due to the alteration of land surfaces in cities, the materials
absorb and accumulate short-wave radiation, which will be
emitted as heat radiation. Weak wind conditions in cities
facilitate the development of the UHI, which occurs espe-
cially in winter and summer during nighttime [34].Therefore
the mean annual air temperature at the urban station is about
1.0∘C higher than at the rural station. Regarding PET, the
rural station shows a mean value of 8.1∘C and the urban
station shows a mean value of 9.8∘C.

The urban and rural human-biometeorological condi-
tions of Szeged were compared by using the Thermohygro-
metric Index THI, the Relative Strain Index RSI, and the
number of beer garden days for a 3-year period [35]. On the
scale of THI, 6% of the year was “hot” in urban areas, while
in rural areas it was only 1%. Cold conditions occurred for
54% and 66% in urban and rural areas, respectively. Beer
garden days occur almost twice as often as in urban areas
between May and October. Gulyás et al. [36] and Gulyás
and Unger [37] made further studies about the human-
biometeorological situation in Szeged, using hourly PET
frequencies over a 10-year period from 1999 until 2008. The
mean annual PET value for urban areas is 2.9∘C higher
than for rural areas. While the maximum PET values are
insignificantly higher (0.9∘C), the minimum PET values
are 10.6∘C higher in urban areas compared to rural areas.
Thermal acceptance occurs almost twice as often in urban
areas. Findings were that rural areas have a higher frequency
of extreme cold and extreme heat stress. The heat wave of
2003 was investigated separately [17]. The examined period
was March until November 2003, concluding that extreme
heat stress occurs more frequently in rural areas due to direct
radiation, which decreases in urbanized areas. Even though
the average annual PET value is 14% higher in urban areas,
thermal acceptance occurs twice as often. The difference in
PET is the highest after sunset, when the urban areas are 7-
8∘Cwarmer due to the decreased cooling effect.These studies
coincide with our results.

The human thermal differences in Budapest, Hungary,
expressed with the PET were investigated by comparing
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Figure 6: Difference of frequency between the urban and the rural station at 14 CET.

measurements of weather stations situated in the central and
the suburban area [38]. They found that the PET differences
are the same in all characteristic diurnal observation times (0,
6, 12, and 18UTC) in the periods 1961–1990 and 1981–2010: the
heat load is stronger and the cold stress level is less in the city
centre than in the suburbs. During the period from 2001 until
2010 the average PET value is higher by 3∘C in the city centre.
The maximum PET is only slightly higher (0.9∘C) here, but
the difference in the minimum value is much higher, about
5∘C. The tendencies are similar to those in Gulyás et al. [36]
and Gulyás and Unger [37].

The biometeorological comfort of rural urban and urban
forest in Erzurum, Turkey, were determined by using the THI
[39]. Erzurum has a continental climate and a population of
about 361 235. Unlike this study, they stated that the urban

area is most advantageous for human comfort, followed by
the urban forest and rural area. It has to be considered that the
THI is based only on air temperature and relative humidity.
The cooling effect of wind is not involved, which is usually
higher in rural areas than in urban areas, due to urban
structures. The differences of urban, suburban, and rural
districts over Greater Cairo in Egypt, which has a subtropical
climate, were investigated [40]. As well as Balogun et al. [41],
Robaa [40] ascertained that the urban areas are in general
warmer than its surroundings.

In our study a more complex system was used; hence,
it is of higher significance. Not only the difference of air
temperature between urban and rural areas but also PET
was compared. We analyzed the mean, maximum, and
minimum air temperature, the frequency of PET classes
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at 14 CET, and arranged the most important meteorolog-
ical information for planning and tourism in a Climate-
Tourism-Information-Scheme. Tourists can easily ascertain
favourable andunfavourable conditions to plan their vacation
for their individual needs. Zaninović and Matzarakis [31]
designed a bioclimate leaflet, which includes climatological
and bioclimatological information of a city or region for
tourists. It is an application to assist the tourism industry
and stakeholders in decision-making, as well as tourists
themselves. The information which is contained could help
tourist planners in order to extend the tourist season, and
it could help tourists to find the best individual period for
their vacation. The design of the leaflet is easy to understand
and gives a broad and compact overview of the climatological
conditions of the destination.

5. Conclusion

In this study, meteorological and human-biometeorological
parameters of urban and rural areas of Szeged were analyzed
and the temporal differences of thermal conditions were
discovered. There are differences for PET values during the
day, as in summer heat stress occursmore frequently in urban
areas at 14 CET, and thermal acceptance is more probable in
the rural surroundings. On the contrary, cold stress is more
frequent in rural areas during winter, due to the absence of
heat storage of buildings and low wind speed. Based on the
little horizontal distance between the urban and the rural
station, there are marginal differences of precipitation.

Single weather parameters, usually presented on a
monthly basis, are not appropriate for planning in tourism
and urban structures. The Climate-Tourism-Information-
Scheme visualizes the most important weather and climate
information which is useful for tourism and recreation.
It might be helpful for planning a vacation and to know
more about the climatic conditions than the usually given
meteorological forecast. Information about biometeorolog-
ical conditions can detect the risk of heat or cold stress
whereby the tourists can adapt. The CTIS is user-friendly
and easy to understand also for nonexperts like tourists and
it gives an overview about the most important climatic and
biometeorological parameters.
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[13] P. R. Höppe, “Heat balance modelling,” Experientia, vol. 49, no.
9, pp. 741–746, 1993.
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