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Abstract: Klodzko Land is one of the most important regions of Poland in terms of tourism and
health issues. Numerous tourism attractions and health resorts make the region attractive for both
tourist and bathers. The goal of this paper was to evaluate the impact of weather conditions on
tourism-related conditions and their changes in the multiannual period. In the analysis, the indices
of heat days, the UTCI (Universal Thermal Climate Index) and CTIS (Climate Tourism Information
Scheme) tools were used. The research on heat days and the UTCI indicated a significant increase in
the heat-stress frequency over the last decades. Simultaneously, the number of weather types related
to cold stress has considerably decreased. Such trends were noticed in the entire region, in all the
considered hypsometric zones. The rising tendency was also observed for strong and very strong
heat stress (UTCI > 32 °C), which negatively affects health problems. The analysis showed that the
most extreme thermal and biothermal conditions, in terms of heat stress, occur under southern and
eastern anticyclonic circulation. The CTIS analysis showed that favorable weather conditions for
most of tourism activities are noticed in the warm half-year. The usefulness of weather conditions for
tourism can vary depending on atmospheric circulation.
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1. Introduction

Tourism is one of the most important sectors affected by climate. Air temperature,
humidity, wind speed, and solar conditions have influences on the human organism,
while precipitation and snow cover are significant factors for tourists. Climate conditions
and their impact on the humans is noticeable, especially in the mountain regions, which
are usually characterized by a high severity of climate compared to the lowlands. This
concerns lower values of air temperature, higher wind speed, different humidity and solar
conditions and long-lasting and thicker snow cover. Simultaneously, mountain regions are
usually popular in terms of tourism. Furthermore, there are often health resorts located in
these regions that make them attractive for bathers. As a result, a high number of persons,
including those with health problems, are vulnerable to the influence of weather conditions
in the mountains.

Tourism-climate conditions were the subject of numerous analyses concerning the
indices presenting the impact of weather on humans. One of the earliest indices was
the Tourism Climate Index (TCI) developed by Z. Mieczkowski [1], which considered
thermal, humidity, wind, solar, and precipitation conditions, The new-generation indices
include the aspect of the human heat balance and the impact of meteorological variables
on tourism, including snow cover. Examples of such indices are the Weather Suitability
Index (WSI) developed by K. Btazejczyk [2] and Climate Tourism Information Scheme
carried out by A. Matzarakis [3-5]. Some other indices, like the Climate Index for Tourism
(CTI), indicate the significance of physical and aesthetic facets of weather, considering
the personal satisfaction of the tourists [6]. For the purposes of tourism-climate analysis,
biothermal indices such as the Universal Thermal Climate Index (UTCI) and physiological
equivalent temperature (PET) can be also used [7-10].
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The region of Ktodzko Land, representing the Sudetes Mountains (southwest Poland),
is a good example of the areas characterized by the presence of both tourism attractions
and health resorts. This is one of the most important tourism regions of Poland, while
numerous health resorts encourage bathers. The attractiveness of this area from the tourism
perspective results from geographical variability, which makes this region favourable for
trekking, rafting, skiing, and other types of tourism activities. Furthermore, the tourism
value is also increased because of numerous historical objects, the Stolowe Mountains
National Park, and vast natural environment areas. A very important role is played
by health resorts. There are five such places located in Ktodzko Land: Duszniki-Zdrdj,
Kudowa-Zdr¢j, and Polanica-Zdréj in the western part of the region; Ladek-Zdr¢j, located
in the west; and Dlugopole-Zdr¢j, representing the southern area. These health resorts are
related to sources of valuable mineral waters and are focused on treating various illnesses,
including respiratory and cardiovascular diseases. Thus, the area is often visited by persons
who are extremely vulnerable to the weather factor, especially heat stress. High importance
of the health resorts in the region was emphasized in the publications devoted to their
problems and the relation to climate and bioclimate conditions [11-14].

One of the most noticeable factors affecting both tourists and bathers is heat stress.
Research concerning the impact of this phenomenon on humans showed that in the last
decades of the 20th century and in the beginning of the current millennium, heat stress
was responsible for about 25% of the most significant disasters in the world [15]. Simul-
taneously, rising air temperature caused a high increase in heat-stress frequency over the
last decades [16-28]. This resulted in extreme intensity of heat stress during the summer
seasons of 2003, 2006, 2015, 2018, and 2019 [29-37], and consequently contributed to mor-
tality growth in these seasons in Europe [33,38-43]. The mortality rate in Western Europe
during the 2003 heat wave exceeded the mean value by 70,000 cases [40]. During the
2006 heat wave in Poland, the rate increased by about 25-115% in various regions [43]. It
should be emphasized that the mortality growth for persons with cardiovascular diseases
was even higher, and amounted to 55-220% [43]. The increase in mortality during heat
waves was also noticed in the other states of Central Europe, such as Slovakia, Austria, and
Hungary [42,44,45]. This shows that the problem of the impact of heat stress on people
with such illnesses is serious, especially in the regions where numerous health resorts are
located.

The influence of weather conditions on both tourism and health issues can be assessed
using the Universal Thermal Climate Index (UTCI). Currently, this is the most popular
and useful tool in biometeorology, and was used for evaluation of biometeorological
conditions in Poland [46-54] and other European states [55-64]. The UTCI enables the
assessment of biothermal conditions in terms of both cold and heat stress, as well as
thermoneutral conditions. In the case of heat stress, the research showed that weather
types with a UTCI exceeding 32 °C are a serious risk for persons with cardiovascular
diseases [23,47,65]. Simultaneously, the studies also indicated that the UTCI can be higher
than 40 °C during the most intensive heat wave periods. Such conditions are also observed
in the region of southwest Poland, including the lowlands [66] and the lower mountain
zones of the Sudetes Mountains [48,66—-68]. The entire Sudetes region in the warm half-year
is characterized by a relatively low number of days with thermoneutral conditions which
are the most favourable for tourists and bathers [48]. On the other hand, in the higher
parts of the Sudetes Mountains, the UTCI is more often related to cold stress, while heat
stress is rarely observed, or does not occur at all [48,67-69]. On the summits, cold stress
prevails throughout the year, and the weather related to the most intensive cold stress can
occur on more than 50% of winter days [69]. The research carried out for Ktodzko Land
showed that due to significant variability in altitude, morphology, and land use, the region
is characterized by a different distribution of UTCI values [70]. During solar days with a
very high air temperature and low wind speed, thermal-stress categories can locally vary,
from thermoneutral conditions in the highest forested mountain zones to extreme heat
stress in the urban areas where the percentage of artificial surface is very high [70].
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The aspect of thermal stress is included in the Climate Tourism Information Scheme
(CTIS), which is a complex tool for the assessment of weather conditions for tourism
purposes [3-5]. This evaluates climate conditions for tourism, considering both thermal
stress and the vast range of meteorological variables. The CTIS was used for the as-
sessment of climate-tourism conditions of various European areas, including the Alpine
regions [4,5,71,72], the Black Forest [73,74], and southern Europe [3,75-79]. In Poland, this
tool was considered in the research on the tourism potentials of the coastal region [80]
and the Sudetes Mountains [69,81,82]. The studies on the Sudetes Mountains, which also
considered other tourism-climate indices, indicated that the region is characterized by a
significant spatial and temporal variability in terms of the favourability of weather for both
tourism and climatotherapy [69,81,82].

The impact of the weather factor on tourism was often considered in the studies
concerning bioclimate conditions in this part of Europe. However, the analysis usually was
based on large-scale atmospheric circulation, without consideration of the local factors.
Furthermore, the papers were mainly related to some selected bioclimate aspects, but rarely
concerned the entire spectrum of bioclimate conditions. In the case of the mountainous re-
gion of Klodzko Land, the evaluation of the local atmospheric circulation is very important.
In addition, the assessment of the impact of particular meteorological variables, including
snow covet, is also significant because of the touristic character of the region.

The goal of this paper was to assess the main features of tourism-climate conditions in
the tourism region of Kltodzko Land with a special consideration of heat stress and tourism
indices. In order to examine the potential changes in the multiannual period, trends of the
annual number of heat days and the categories of heat stress according to the UTCI were
calculated. The high importance of tourism and health resorts in the considered region
makes the result of the paper useful in terms of the improvement in knowledge on the
impact of the weather factor on the sectors of tourism and public health. Furthermore, they
can also be used in local guidebooks and information offices as supplementary information
regarding tourism and health issues.

2. Materials and Methods

The analysis concerned the region of Ktodzko Land that is located in the eastern
part of the Sudetes Mountains, in the Lower Silesia (southwest Poland). Geographical
variability characterizes the region. The middle part is formed by the Klodzko Valley that is
stretched north to south and which is characterized by the largest area in the northern part
of the region (Figure 1). The valley is surrounded by numerous mountain ridges, including:
Bardzkie Mountains in the north, Bystrzyckie, Orlickie and Stotowe Mountains in the west
as well as Ztote Mountains and Snieznik Massif in the east. These ridges, along with the
Miedzylesie Pass in the south, form a natural border with Czechia. In the case of the Polish
part of the region, the highest altitude of the mountains reaches up to 1000 m a.s.l. in the
west (Bystrzyckie Mountains) and 1423 m a.s.l. in the east (Snieznik Mountain). Most of
the Ktodzko Valley is used as agriculture area, while forests dominate in the mountains.

Meteorological data from meteorological stations of IMGW-PIB (Institute of Mete-
orology and Water Management—National Research Institute) in the region were used
in the analysis. The records were derived from the internal database of the Institute. In
this case, four stations were taken into account: Ktodzko, Dtugopole-Zdr¢j, Ladek-Zdrdj
and Stoszow. They represented various locations, altitudes and geographical regions
(Table 1). The database concerned daily values of maximum air temperature, precipitation
totals and snow cover depth. Furthermore, the meteorological data for 12:00 UTC was also
used to assess biothermal conditions and climate-tourism potential in terms of CTIS. This
included the values of: air temperature, relative humidity, vapour pressure, wind speed,
and cloudiness. In addition, information on sun angle on particular days of the year was
also considered for the purposes of the evaluation of the radiation factor. The daily data
on maximum air temperature considered the 50-year period of 1971-2020. In the case of
12:00 UTC, due to data limitations for Diugopole-Zdr¢j, Ladek Zdréj, and Stoszéw, records
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for 1971-2010 were used. Therefore, the calculations of heat-day frequency were carried
out for 1971-2020, while the analysis of the UTCI and CTIS were based on 1971-2010 data
series. The measurement data were verified in the process of examining meteorological
records, which was carried out by the meteorological service of the Institute. The data used
in the paper mainly concerned maximum air temperature (for the purposes of heat-day
calculations) and UTCI values for the summer seasons (June—August) of the considered
periods. In order to examine the data series, the coefficient of variation was calculated
for these two variables. The values of the coefficient for maximum air temperature were
characterized by a relatively low variety, reaching 20-22%. In the case of the UTCI, the rate
was moderate and amounted to 33-38%. In both cases, the highest variety was noticed for
the areas located at the highest altitude (Stoszow).
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Figure 1. Location of meteorological stations and health resorts in Ktodzko Land.

Table 1. Meteorological stations in the region of Ktodzko Land (with increasing altitude).

Station Region Latitude Longitude Altitude (m)
Klodzko Klodzko Valley 50°26 16°37 356
Dlugople-Zdréj ~ Upper Nysa Ki. Graben 50°15/ 16°38 393
Ladek-Zdrd; Ztote Mountains 50°21’ 16°53/ 461
Stoszow Lewinskie Hills 50°24/ 16°22 556

The index of heat days, defined as weather conditions with Tmax > 30 °C, was used
to evaluate the intensity of heat stress in Klodzko Land. The calculations were carried
out for each year of the considered period, and included annual and monthly frequency.
The entire spectrum of thermal stress was examined using the UTCI (Universal Thermal
Climate Index). This index focuses on evaluation of biothermal conditions with a special
consideration of detailed physiological aspects. The index is based on multinode models,
mainly Fiala’s model [83], and was comprehensively described in the papers concerning
its methodology [8-10]. Depending on thermal stress, UTCI values classify biothermal
conditions into 10 categories that vary from extreme cold stress to extreme heat stress
(Table 2). The calculations of UTCI values were carried out for 12:00 UTC using BioKlima2.6
software [84]. Based on the values, the frequency of UTCI categories for particular years
and months was assessed for each of the considered stations.
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Table 2. Stress category according to UTCI [10].

Stress Category UTCI (°O)
Extreme heat above 46
Very strong heat 38 to 46
Strong heat 321038
Moderate heat 26 to 32
No thermal 9to 26
Slight cold 0to9
Moderate cold —13to 0
Strong cold —27to —13
Very strong cold —40 to —27
Extreme cold below —40

Weather potential for tourism was assessed using the Climate Tourism Information
Scheme (CTIS), developed by A. Matzarakis [3-5]. This tool considers the impact of
thermal stress (calculated using a biothermal index) and various meteorological variables.
For the purposes of this paper, the thermal stress factor was evaluated based on UTCI
categories. In this case, thermal-stress classes were divided into three groups: thermal
comfort (when UTCI values were equivalent to thermoneutral conditions or slight cold
stress), heat stress (concerning the UTCI categories of moderate, strong, very strong, and
extreme heat stress), and cold stress (moderate, strong, very strong, and extreme cold
stress). Regarding the meteorological variables affecting tourism, the factors of cloudiness
(N), relative humidity (U), vapour pressure (e), precipitation (R), wind speed (v), and snow
cover (HS) were taken into consideration and calculated according to the CTIS criteria
(Table 3). Therefore, the region was evaluated from the perspective of solar conditions,
fog-related conditions, sultriness, dry/wet conditions, the frequency of windy days, and
snow potential for skiing. The aspect of snow cover was modified if compared to the
original CTIS. Because of a relatively low frequency of snow cover exceeding 30 cm at
the considered stations, the criterion was changed to 10 cm, which is a suitable value for
cross-country skiing. The calculations of the meteorological variables were carried out
based on daily data (precipitations, snow cover) and for 12:00 UTC (cloudiness, relative
humidity, vapour pressure, wind speed). The results of the analysis on CTIS were presented
as a calendar of weather conditions for particular 10-day periods.

Table 3. Climate Tourism Information Scheme (CTIS) [3; modified].

Factor Criterion Range
Thermal comfort 0°C<UTCI<26°C
Biothermal conditions Heat stress UTCI > 26 °C
Cold stress UTCI<0°C
Sunny days Cloudiness N<5/8
Days with fog features Relative humidity U>93%
Sultry days Vapour pressure e>18 hPa
Dry days Precipitations R <1mm
Wet days Precipitations R>5mm
Windy days Wind speed v>8m/s
Snow potential Snow cover HS >10 cm

In order to present the most intensive heat-stress conditions and their relation to the
atmospheric circulation, a calendar of circulation types developed by H. Ojrzyriska was
used [85-87]. This classification concerns the Sudetes Mountains and the surrounding
regions, and is based on the data related to vorticity (C, cyclonic; A, anticyclonic) and
the direction of advection: NE, northeast (1-90°); SE, southeast (91-180°); SW, southwest
(181-270°); NW, northwest (271-360°); and XX, indeterminate direction. The principles
of the classification are gridded meteorological data (2.5° x 2.5° spatial resolution, 24 h
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temporal resolution) from NCEP/NCAR (National Centers for Environmental Predic-
tion/National Center for Atmospheric Research) reanalysis. These data were interpolated
to a spatial resolution of 5 km x 5 km using the spline function. Circulation types for
particular days were assessed based on the prevailing type, which was calculated by ap-
plying the mode function for all the 5 km x 5 km grid cells [86]. The types of vorticity
were evaluated using geopotential values from the 850 hPa isobaric level. In the case of the
direction of advection, the wind direction from the 700 hPa isobaric level was used. This
was determined when a wind speed exceeded 2 m/s. If it was lower or when no prevailing
wind direction was noticed, the XX circulation type was determined. The calendar of the
circulation types was obtained directly from the author of the classification.

Based on the results, changes in some of the considered indices (heat days, UTCI) in
the multiannual period were evaluated. The trends and intensity of these changes were
assessed using linear regression analysis. The statistical significance was examined at a
level of 0.05. In addition, the results of the calculations were verified using the Mann—
Kendall test and Sen’s method. The evaluation of the changes in heat-day frequency was
carried out for 1971-2020, while the data of 1971-2010 were used for the examination of
UTCI trends.

3. Results
3.1. Heat Days

The impact of heat stress on humans can be assessed using the index of heat days
(Tmax > 30 °C), including the evaluation of their frequency and changes in the multiannual
period. In the region of Ktodzko Land, heat days occurred during more than 3 days a year
in the lower located zones, represented by Klodzko, Dtugopole-Zdroj, and Ladek-Zdréj. In
Stoszéw, which is located at the highest altitude, the frequency of such weather conditions
in 1971-2010 was equal to less than 2 days a year (Table 4). Air temperature exceeding
30 °C in the discussed region was observed in the warm half-year only. July and August
were the months with the highest number of heat days. In the case of the three stations
located lower down, weather conditions with Tyax > 30 °C in these months occurred on
about 3 days every 2 years. In June, the frequency was lower and amounted to 1 day
every 2 or 3 years in Klodzko, Dtugopole-Zdroj, and Ladek-Zdréj; whereas in Stoszéw,
the mean frequency reached 1 day every 5 years. Besides the summer season, heat days
were also sporadically observed in May and September. In May, 2-3 cases of heat days
in 1971-2020 were noticed at the stations representing the lower hypsometric zones. In
September, the total number of such days in the entire multiannual period varied from
2 days in Dlugopole-Zdrdj, Ladek-Zdroj, and Stoszéw to 4 days in Klodzko.

Table 4. Mean frequency of heat days (Tmax > 30 °C) in the warm half-year in Ktodzko Land in
1971-2020.

Station v \" VI VII VIII IX Total
Klodzko . 0.0 0.3 14 1.6 0.1 34
Dlugople-Zdrdj . 0.1 0.4 14 14 0.0 3.3
Ladek-Zdroj . 0.0 0.5 1.4 1.3 0.0 3.2
Stoszow . . 0.2 0.9 0.7 0.0 1.8

Regarding the highest frequency of heat days in the studied period, the summer
seasons of 1992, 1994, 2013, 2015, and 2018 were considered as the most extreme. During
these periods, the annual number of heat days at the stations located lower down was equal
to at least 10 days, while in Stoszow the frequency exceeded 5 days. The most heat days
occurred in 2015, when their number reached 21-22 days in Ktodzko, Dtugopole-Zdroj,
and Ladek-Zdr¢j, and 15 days in Stoszéw (Table 5). In this season, both July and August
were characterized by the highest frequency of heat stress in the entire 1971-2020 period. In
July, this varied from 5 days in Stoszéw to 9 days in Kfodzko, while in August the number
of such days amounted to 9 in Stoszéw and 11-13 at the stations located lower down.
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Table 5. Annual frequency of heat days in the most extreme years in 1971-2020 in Klodzko Land.

Year Ktodzko Dlugopole-Zdréj Ladek-Zdroj Stoszow
1992 11 12 12 7
1994 13 13 13 9
2013 10 10 10 7
2015 21 22 22 15
2018 11 13 9 6

The results of the multiannual changes in the number of heat days in the discussed
region indicated that the frequency of such weather conditions considerably increased over
the last five decades. Regarding the tendency of the annual heat days frequency, positive
and statistically significant trends were noticed for all of the stations (Figure 2, Table 6). The
region of Dlugopole-Zdroj was characterized by the highest growth rate which amounted
to 1 day per 7 years. In Ktodzko and Ladek-Zdroj, the increase reached about 1 day per
9 years, whereas in Stoszéw, the growth was the lowest and amounted to 1 day per 14 years.
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Figure 2. Annual number and linear trend of heat days (Tmax > 30 °C) in Ktodzko Land in 1971-2020.

Table 6. Rate of changes (per decade) in the number of heat days in July, August, and annually in
1971-2020 in Ktodzko Land (statistically significant trends at a level of 0.05 marked in bold).

Year Ktodzko Dlugopole-Zdréj Ladek-Zdroj Stoszow
July 0.50 0.63 0.47 0.32
August 0.48 0.56 0.44 0.32
Annually 1.11 1.48 1.15 0.72

The rising tendency was also observed for July and August, when such weather
conditions occurred the most frequently. In July, the number of heat days in Dtugopole-
Zdrdj in 1971-2020 increased by more than 3 days. The growth in Ktodzko and Ladek-Zdrdj
exceeded 2 days, while Stoszéw was the station with the lowest increase, reaching less than
2 days in the 50-year period. In August, a statistically significant trend at the level of 0.05
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was observed for Diugopole-Zdrdj only. In the case of the other stations, the trends were
significant at a 0.1 level. The rate of increase in 1971-2020 was similar to the level observed
in July—almost 3 days in Dtugopole-Zdrdj, more than 2 days in Ktodzko and Ladek-Zdrdj,
and less than 2 days in Stoszow.

3.2. Universal Thermal Climate Index (UTCI)

Biothermal conditions, considering the impact of various meteorological variables,
can be evaluated using the UTCI (Universal Thermal Climate Index). In the discussed
period, mean annual UTCI varied from 6.6 °C to 9.3 °C. These values, according to UTCI
categories, indicated the classes of slight cold stress or no thermal stress. The annual course
of mean monthly UTCI showed a relatively low variability between particular stations
(Figure 3). Furthermore, the altitude in the discussed multiannual period was not the most
significant factor affecting UTCI values. In this case, local wind conditions may have had an
important impact on UTCI variability. Relatively high mean monthly UTCI at the stations
located in the higher mountain zones (Ladek-Zdroj, Stoszow), especially in the wintertime,
resulted mainly from lower wind speed if compared to the stations representing the bottom
of the valley (Ktodzko, Dtugopole-Zdroj). The mean annual wind speed for 12:00 UTC
in Ladek Zdréj was 1.1-1.3 m/s lower than in Diugopole-Zdroj and Ktodzko. These two
stations, due to their location in the main axis of the valley, were more often vulnerable to
high-wind-speed conditions, because of wind being channeled between the surrounding
mountain ridges. Mean monthly values of UTCI in the winter season at all of the stations
varied from —8 °C to —2 °C and were equivalent to moderate cold stress. In summer, mean
UTCI was equal to 18-20 °C at the stations located lower down and 17-18 °C in Stoszow.
Thus, these values indicated no thermal-stress conditions.

25
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Figure 3. Mean monthly values of UTCI in 1971-2010 in Ktodzko Land, based on 12:00 UTC data.

In terms of UTCI categories, the class of no thermal stress in 1971-2010 prevailed at all
of the stations. Its annual frequency varied at 38—42% and was the highest in the warm
half-year, especially in May, June, and September (Figure 4). In these months, 68-74% of
days were characterized by thermoneutral conditions. In July and August, the frequency
was lower due to a higher intensity of heat stress. During these months, the moderate
heat stress class was frequent, reaching 25-31%, while strong heat stress conditions were
observed on 5-10% of days. In the higher hypsometric zones, represented by Stoszéw, the
number of days with heat stress was lower, and amounted to 23-24% for moderate heat
stress and 3-4% for strong heat stress. The class of very strong heat stress was noticed
sporadically. Considering all the stations, moderate heat stress mainly occurred in the
May-September period, while strong and very strong heat stress were usually noticed in
the summer months. The category of extreme heat stress did not occur at all.
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Figure 4. Frequency of UTCI categories in 1971-2010 in Klodzko Land, based on 12:00 UTC data (UTCI categories: extreme
cold stress (—5), very strong cold stress (—4), strong cold stress (—3), moderate cold stress (—2), slight cold stress (—1), no
thermal stress (0), moderate heat stress (1), strong heat stress (2), and very strong heat stress (3)).

Regarding cold stress, moderate and slight cold stress classes were observed most of-
ten. The annual frequency of days with these categories amounted to 20-24% for moderate
cold stress and 19-21% for slight cold stress. It should also be emphasized that weather
types related to these classes were observed throughout the year. However, moderate cold
stress was usually noticed in winter months (39-56% of days), while slight cold stress was
the most frequent in the March—April and October-November periods, when the mean
monthly number of days with such conditions varied at 27-40%. A relatively high annual
frequency was also noticed for strong cold stress (5-9%). This category usually occurred in
winter, especially in January, when 17-30% of days were characterized by such biothermal
conditions. During the wintertime, the class of very strong cold stress was also observed.
Its frequency for the entire winter season varied at 1-6%. Extreme cold stress occurred
sporadically in the winter months only.

The rising tendency of air temperature and the number of heat days had an impact
on changes in UTCI in the multiannual period. Considering mean annual UTCI values,
a positive trend was noticed for each of the stations. However, the statistical significance
was observed only for Dlugopole-Zdré6j and Ladek-Zdrgj. In Dtugopole-Zdrdj, the growth
rate exceeded 1.2 °C per decade. In the case of Ladek-Zdroj, the increase was lower and
amounted to about 0.5 °C per decade. The rising tendency of UTCI values caused an
increase in the frequency of the categories characterized by the highest intensity of heat
stress. In terms of the impact of heat stress on the human activity, weather conditions
with a UTCI corresponding to strong and very strong heat stress (UTCI > 32 °C) are very
important. These types of biothermal conditions can be a serious risk for tourists and
bathers visiting the discussed region. In the case of UTCI > 32 °C, the positive trend
with statistical significance at a level of 0.05 was noticed for Diugopole-Zdr6j. The rate of
increase amounted to more than 2 days per decade (Figure 5). In Ladek-Zdrdj, a positive
tendency, characterized by statistical significance at a level of 0.1, was observed. In this
case, the combined number of days with strong and very strong heat stress increased at
the rate of 1 day per decade. No statistically significant trends were noticed for Ktodzko
and Stoszow.
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Figure 5. Annual number and linear trend of days with strong and very strong heat stress (UTCI > 32 °C) in Dtugopole-Zdré;
and Ladek-Zdréj in 1971-2010, based on 12:00 UTC data.

3.3. Circulation Conditions and Their Impact on Heat Stress

Biothermal conditions, including heat stress, usually strongly depend on atmospheric
circulation. According to Ojrzyniska’s classification [87], circulation conditions in the
summer seasons (June—August) of 1971-2010 were characterized by a high frequency of
anticyclonic types. In these terms, the type of SW-A was predominant, occurring on 30% of
the days. In the case of NW-A and NE-A circulation, the frequency was equal to 23% and
16%, respectively. The remaining anticyclonic types, SE-A and XX-A, occurred more rarely,
during 4% and 2% of days. Regarding the cyclonic types, SW-C was the most frequent
(12%), while the occurrence of days with NE-C, NW-C, and SE-C varied at 3-5%. The type
of XX-C was characterized by the lowest frequency, equal to 1% (Figure 6).

Heat stress in Klodzko Land was usually noticed on days with SW-A and NE-A
circulation (Table 7). They were one of the most frequently occurring types and were
related to the advection of tropical and continental polar air masses from the south and
east. In the summer seasons of 1971-2010, SW-A was predominant, as 37—43% of days
with UTCI > 32 °C were concerned with this type of circulation. The frequency for NE-A
type amounted to 20-26%, while the occurrence for the NW-A and SE-A was significantly
lower and reached 10-12% and 8-9%, respectively. On the other hand, heat stress during
cyclonic types of weather occurred more rarely because of lower air temperature, higher
wind speed, and worse solar conditions. In this case, the type of SW-C was characterized
by the highest frequency reaching 4-12%.

35
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Figure 6. Frequency of anticyclonic (red) and cyclonic (blue) types of circulation in Klodzko Land
in the summer seasons (June—August) of the 1971-2010 period, based on H. Ojrzyriska’s classifica-
tion [87].
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Table 7. Frequency of days (%) with UTCI > 32 °C (June-August) under particular types of circulation in Ktodzko Land in
1971-2010, based on 12:00 UTC data.

Station NE-A NE-C NW-A NW-C SE-A SE-C SW-A SW-C XX-A XX-C Total
Klodzko 25.7 1.2 10.8 0.0 8.4 1.2 419 42 54 1.2 100.0
Dlugople-Zdrdj 20.3 0.4 10.1 0.4 7.6 1.7 42.6 10.5 5.1 1.3 100.0
Ladek-Zdréj 21.8 0.8 10.9 0.4 9.3 2.8 38.3 9.3 4.8 1.6 100.0
Stoszow 26.1 1.7 12.2 0.0 8.7 0.9 36.5 12.2 0.9 0.9 100.0

Considering the percentage of days with UTCI > 32 °C under particular types of
circulation, the structure of heat-stress occurrence was different, mainly in favor of the
higher frequency of SE-A and XX-A types (Table 8). More than 10-17% of days with SE-A
circulation at the stations located lower down and almost 8% of days in Stoszéw were
characterized by strong or very strong heat-stress presence. In the lower hypsometric zones,
a very high fraction was also observed for the XX-A circulation. This type was mainly
related to the centre of a high-pressure system located over the region. However, both
SE-A and XX-A types, in the summer seasons of 1971-2010, occurred with a relatively low
frequency. As a result, the total number of days with UTCI > 32 °C under such circulation
conditions was significantly lower than in the case of the more-frequent types, such as
SW-A or NE-A.

Table 8. Percentage of heat days and days with UTCI > 32 °C among the total number of days with particular types of
circulation for 1971-2010, based on 12:00 UTC data.

Station NE-A NE-C NW-A NW-C SE-A SE-C SW-A SW-C XX-A XX-C
Klodzko 7.1 1.0 21 0.0 10.7 1.3 6.4 1.6 12.0 54
Dlugople-Zdroj 79 0.5 2.8 1.0 13.7 2.6 9.3 5.8 16.0 8.1
Ladek-Zdroj 8.9 1.0 32 1.0 17.6 45 8.7 53 16.0 10.8
Stoszéw 5.0 1.0 1.6 0.0 7.6 0.6 3.9 3.2 1.3 2.7

In the context of changes in the frequency of days with strong and very strong heat
stress depending on the circulation types, most of the trends for the summer seasons of
1971-2010 were not statistically significant. The most noticeable changes were observed
for the types characterized by a high frequency—NW-A, SW-A, and SW-C. The changes
in the number of days with UTCI > 32 °C in this period for some of the stations were
characterized by positive and statistically significant trends (Table 9). Dtugopole-Zdréj was
the station with the most considerable changes. The highest increase was observed for the
types that occurred frequently—SW-A and SW-C. The rate of changes for the SW-A type
exceeded 1 day per decade, while for SW-C, the growth was less intensive, and amounted
to 1 day per 17 years (Figure 7). A statistically significant positive trend was also observed
for the XX-A type. However, this type of circulation occurred more rarely than SW-A
and SW-C. The second station with statistically significant trends was Ladek-Zdréj. In
this case, such a tendency was observed for the NW-A and SW-C circulation. The growth
rate amounted to 1 day per 24 years and 1 day per 26 years, respectively. Furthermore, a
positive trend, characterized by statistical significance at a level of 0.1, was noticed for the
NE-A and NW-A types in Diugopole-Zdrdj. In this case, the rate of increase reached 1 day
per 20/30 years.

Table 9. Changes (days per decade) in the number of days with UTCI > 32 °C under particular types of circulation in the
summer seasons of 1971-2010 in Klodzko Land (statistically significant trends marked in bold).

Station NE-A NE-C NW-A NW-C SE-A SE-C SW-A SW-C XX-A XX-C
Klodzko 0.20 0.00 0.24 0.00 0.03 0.61 0.51 0.10 0.09 0.00
Dlugople-Zdroj 0.51 0.01 0.34 0.03 0.21 0.05 1.07 0.59 0.20 0.04
Ladek-Zdroj 0.01 0.01 0.41 0.03 0.2 0.02 0.39 0.38 0.02 0.01
Stoszow -0.01 -0.01 0.03 0.00 -0.04 0.00 —0.08 0.16 0.04 0.01




Atmosphere 2021, 12, 907

12 0f 23

Number of days

IS

Number of days

o

1975

1977

1979

Dtugopole-Zdréj (SW-A) Dfugopole-Zdréj (SW-C)

v

>

@

©

w 3

o

e

8

2

£

3

=

1

)
AN QAN D MmN D O N O AN QAN IDND DN D
0 0 0 0V VNN DO QOO N IS IS NS 0 00 00 00 0 OO QO QO Q
A0 OO0 OO OO O A OO OO0 OO O O O O O
222222222 2RKRKKRR 2222222222222 22RKKKK
Ladek-Zdréj (NW-A) Ladek-Zdréj (SW-C)

Number of days

1995
1997
1999
2001
2003
2005
2007
2009
1971
1973
1975
1977
1979

Figure 7. Changes in the number of days with UTCI > 32 °C in Dlugopole-Zdrdj under SW-A and SW-C circulation (top)
and in Ladek-Zdréj under NW-A and SW-C circulation (bottom) in 1971-2010.

3.4. Climate Tourism Information Scheme (CTIS)

Climate-tourism conditions, based on CTIS (Climate Tourism Information Scheme)
criteria, depend on both biothermal conditions and the influence of various meteorological
variables. In the context of thermal comfort, defined as no thermal stress or slight cold
stress according to the UTCI, the most favourable conditions in 1971-2010 in the entire
region were observed in spring and autumn (Figures 8-11). This mainly concerned the
last decade of April, May, and the turn of September and October, when the frequency
of days with thermal comfort often exceeded 90%. In the summer season, the occurrence
was lower because of a higher intensity of heat stress. The number of days with moderate,
strong, or very strong heat stress in late July and early August could reach as much as 40%
of the total number of days in these periods. The frequency of thermal comfort was also
significantly lower in the cold half-year, especially in the winter months. This could fall
down to ca. 10-20% in the beginning of January in favor of the increased frequency of cold
stress. In this period, due to low values of air temperature, high wind speed, and worse
solar conditions, the classes of the most intensive cold-stress categories can occur on more
than 80% of days.
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Figure 8. CTIS for Ktodzko in 1971-2010.
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Figure 9. CTIS for Dlugopole-Zdréj in 1971-2010.
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Figure 10. CTIS for Ladek-Zdréj in 1971-2010.
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Figure 11. CTIS for Stoszéw in 1971-2010.

In terms of the meteorological variables considered in the study, the most favourable
solar conditions were mainly noticed in the warm half-year, especially from the third
decade of July until the middle of October, when they usually occurred with a frequency
of 20-50%. In June, an increased intensity of cyclonic circulation, related to the higher
cloudiness, limited the number of sunny days in the region. The lowest number of sunny
days was observed in the wintertime and November.

One of the most important factors affecting both tourism and human health was
weather conditions characterized by very high (>93%) relative humidity, which can result
in fog appearance. Such situations usually occurred in winter and November, when their
frequency could exceed 15%. On the other hand, the number of foggy days was very low
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in the summertime, when relative humidity exceeding 93% was observed on less than 6%
of days.

In the case of sultry days, they usually occurred from May to October, with the highest
intensity in the summer season. This especially concerned the first decade of August. In
this period, about 19-21% of days were considered as sultry, and consequently negatively
affected human health and outdoor recreation. In the cold half-year, sultry days were not
observed or occurred sporadically.

The tourism activities can be also limited by precipitations. Weather conditions
without precipitation or with daily totals reaching up to 1 mm were the most frequent in
the wintertime and October, when they could occur on more than 80% of days. In these
terms, the highest number of dry days was noticed in the area located at the lowest altitude,
represented by the station of Kltodzko. The mean difference between Klodzko and the other
stations amounted to 8-9%.

Intensive precipitation with daily totals of more than 5 mm were typical for the warm
half-year and occurred the most frequently in June and July. These summer months are
considered to be very popular from the tourism perspective. Therefore, the aspect of
limiting tourism activity by strong precipitations is significant in that case. The number
of wet days in the higher hypsometric zones could exceed as much as 20% of all days in
this period.

Strong wind has a negative influence on human heat balance and limits some tourism
activities. Days with wind speed higher than 8 m/s were the most frequent in the cold half-
year. The stations located in the bottom of the Ktodzko Valley (Ktodzko, Diugopole-Zdrdj)
were characterized by the highest frequency of windy days, exceeding 10%. Such values
were also noticed in the third decade of October and November. A lower number of windy
days was observed at the stations located at the higher altitude. In this case, the frequency
did not reach 6%.

Snow potential plays a very important role in Ktodzko Land, because of a very high
importance of this region for winter recreation. The best snow conditions were observed in
the higher hypsometric zones, represented by Stoszéw. The third decade of February was
the most favourable period for skiing. The frequency of snow cover depth (more than 10
cm) was equal to 55%, while from the second decade of January until the second decade of
February, it amounted to 44-46%. Moderately favourable snow conditions were observed
in the middle of March, when the frequency of snow cover still exceeded 20%. On the other
hand, the worst snow potential was noticed in Ktodzko, where snow cover occurred with
the frequency of 21-26% in the two final decades of January and in the second and third
decade of February.

Favourability of weather conditions for tourism is different depending on atmospheric
circulation. Comparing the CTIS results for the anticyclonic and cyclonic circulation types,
differences were observed for all of the categories of thermal stress and for the considered
meteorological variables. In terms of thermal comfort, the highest anomalies in favor of the
anticyclonic circulation were noticed in the cold season (Figures 12-15). In the case of the
stations located lower down, the differences in the number of days with thermal comfort
could reach as much as 15-20%. Such a situation was mainly contributed by worse solar,
humidity, and wind conditions during the cyclonic types of weather. On the other hand,
the cyclonic circulation was often more favourable in the summertime, because of lower
air temperature that contributed to the reduction of heat stress. As a result, the anticyclonic
types of circulation in summer were characterized by a significantly higher frequency of
heat stress. In some of the decades, the difference between the both types exceeded 15%.
The lowest differences, if compared to the other stations, were noticed in Stoszéw. Because
of the location of the station outside the windy Klodzko Valley and lower air temperature
in the summertime, the station was characterized by lower anomalies for both thermal
comfort and heat stress. Cold stress, due to lower air temperature, higher wind speed, and
worse solar conditions, occurred more often under the cyclonic circulation.
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Figure 12. CTIS in Ktodzko for anticyclonic (top) and cyclonic (bottom) types of circulation
in 1971-2010.
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Figure 13. CTIS in Dlugople-Zdr6j for anticyclonic (top) and cyclonic (bottom) types of circulation in 1971-2010.
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Figure 14. CTIS in Ladek-Zdr¢j for anticyclonic (top) and cyclonic (bottom) types of
circulation in 1971-2010.
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Atmosphere 2021, 12, 907

17 of 23

In the case of sunny and foggy days, weather types related to the anticyclonic circula-
tion were characterized by more-favourable conditions. The frequency of sunny days was
higher under the anticyclonic types throughout the year, with the differences varying from
5-15% in winter to 15-30% in some decades of the summer months. The days with high
relative humidity, often resulting in fog presence, occurred more often under the cyclonic
circulation. The highest anomalies between the both types were noticed in late November,
when they could reach 20%. Sultry days, because of higher humidity, were typical for the
cyclonic circulation. In July and August, the frequency of such weather conditions in the
lower hypsometric zones was about 15-20% higher than under anticyclonic circulation.
In Stoszow, the difference was minor, and amounted to 7%. In the case of precipitation
conditions, the anticyclonic types of weather were more favourable throughout the year
in terms of both dry and wet days indices. The most significant anomalies were noticed
in the warm half-year, especially in the summer season. The number of dry days during
the anticyclonic circulation at the turn of June and July was up to 45% higher than for the
cyclonic types. Regarding the intensive precipitations, they also occurred more frequently
under the cyclonic weather. The differences between the both types in the summer months
reached up to 30-35%. In the case of wind conditions, the cyclonic weather was usually
characterized by a higher number of windy days. This concerns especially the cold season
and the stations located in the bottom of the Ktodzko Valley, where high wind speed is a
crucial factor. In Ktodzko and Dlugopole-Zdrgj, the frequency of strong wind in October
under cyclonic circulation was more than 10% higher than for the anticyclonic types. The
anomalies equal to 8-9% were also noticed in January. Snow potential was characterized
by more useful conditions for skiing during the cyclonic types of weather. In these terms,
the most-significant differences, reaching up to 25% in the second decade of January, were
noticed in Stoszéw, where the frequency of snow cover was the highest.

4. Discussion and Conclusions

The results presented in the study indicate that the region of Ktodzko Land is char-
acterized by a significant temporal variability of climate conditions in the context of their
influence on health and tourism issues. The research showed that one of the most im-
portant weather factors is heat stress, for which a rising tendency was observed for both
indices—heat days and UTCI. The mean frequency of heat days in the lower hypsometric
zones amounted to more than 3 days a year, which was comparable to the number observed
in the lower mountain zone of the Western Sudety [68], the Silesian Foothills (southern
Poland) [84], and in the coastal regions of Germany and Poland [22,24,88]. The multiannual
changes indicated that heat-stress frequency has significantly risen over the last decades
and can intensify in the following years. The rate of increase in the annual number of heat
days varied from 1 day per 7 years to 1 day per 14 years. Thus, this growth was comparable
to the lowland regions of Poland, especially Greater Poland (Wielkopolska), where the
rate for 19512006 differed from 1 day per 8 years to 1 day per 15 years [24]. The increase
reaching at least 1 day per decade was also noticed for most of the lowlands and the lower
mountains zones in Poland in 1951-1915 [88]. In the regions located lower down, the
changes in heat-day frequency were also lower or comparable to the Western Sudetes [58].
In Stoszow, where the intensity of changes was the lowest, the rate was similar to the
northern parts of Poland [88]. On the other hand, the increase for the stations located in
Klodzko Land was noticeably lower if compared to the lowland part of the Lower Silesia,
where the frequency of heat days in 1971-2019 rose at the rate of more than 2 days per
decade [68].

Regarding UTCI, the structure of its categories in the warm season was characterized
by the highest number of days with no thermal stress and higher frequency of moderate
and strong heat stress in the summer months. The class of very strong heat stress was
observed occasionally, while extreme heat stress did not occur at all. In the cold season,
slight, moderate, and strong cold-stress categories were predominant. Similar conditions
are typical for the regions located in the lowlands and the lower mountain zones of Poland
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and Central Europe [10,23,48,50,51,53,54,66-69,89-91]. The analysis carried out in the
paper showed that the frequency of moderate heat stress in July and August in the lower
hypsometric zones of Ktodzko Land was about 5% lower than in the Carpathian region,
confirming the results of the previous studies [48]. Simultaneously, the number of days
with strong and very strong heat stress (UTCI > 32 °C) was comparable to the lowlands of
the Lower Silesia [56] and the lower zones of the Western Sudetes Mountains [68,69]. Such
similarities were also noticed for cold-stress categories. However, it should be emphasized
that the highest parts of the Sudetes Mountains are characterized by a very high number of
days with extreme cold stress and no heat stress occurrence [52,67-69]. In the discussed
region, such conditions may be observed in the summit zone of the Snieznik Massif and
the Bystrzyckie Mountains, which are the highest ridges in Ktodzko Land. Nevertheless,
the health resorts and most of the tourism objects of the region are located at a relatively
low altitude. Therefore, the intensity of heat stress and its influence on both health and
tourism issues seems to be more significant than the impact of cold stress conditions. In
the urban areas, the intensity of heat stress can even locally reach beyond 46 °C, which is
the equivalent to the extreme heat stress category [70].

Changes in the mean annual UTCI values amounted to 0.5-1.2 °C per decade, and were
similar or higher if compared to the trends for the western parts of the Sudetes Mountains [68],
the Baltic Sea region [63], and Hungary [55]. Such a tendency contributed to the increase in
the frequency of biothermal conditions with UTCI > 32 °C, corresponding to strong and very
strong heat stress. They negatively affected persons with cardiovascular diseases [23,47,65]
and seriously limited tourism, especially in urban areas [92]. The intensity of changes in the
number of days with UTCI > 32 °C in 1971-2010 in the health resort of Dtugopole-Zdroj
exceeded 2 days per decade, and was comparable to the observed for the Baltic Sea region in
1981-2010 [53] and south and southeast Poland in 19662015 [42]. In these regions, the rate of
growth amounted to 2 or more days per decade. Simultaneously, the increase in the frequency
of strong and very strong heat stress in Ladek-Zdr6j, reaching up to 1 day per decade, was
similar to the rate observed for Warsaw [52] and Jelenia Géra (lower zones of the Western
Sudetes Mountains) [68]. Regarding circulation conditions, the classification tailored exactly
for the considered region was used. This enabled detailed analysis concerning the impact of
the local circulation on bioclimate conditions, especially heat stress. According to Ojrzyriska’s
classification, most of strong and very strong heat stress cases occurred under SW-A and NE-A
circulation types, and were mainly related to the advection of tropical and continental polar
air masses. The advections from these directions often contribute to heat-stress presence in
Central Europe [49,50,52-54,64,67,68]. Considering the percentage of days with UTCI > 32 °C
under particular circulation conditions, the XX-A and SE-A types were characterized by a
very high fraction of strong and very strong heat stress. A similar situation was observed in
Germany [62] and the western part of Lower Silesia [68]. In these cases, the highest number
of days with UTCI > 32 °C was noticed during the anticyclonic circulation of SW, while the
SE-A type was characterized by a very high percentage of such days. The anticyclonic types
of SW and SE were also significant in shaping heat-stress conditions in eastern Poland [50]. In
the northern Carpathians, the southern anticyclonic circulation was responsible for one of the
highest values of UTCI [93].

Similarly to the Polish-Saxon border region, the most noticeable changes in the heat-
stress frequency in Ktodzko Land in 1971-2010 were noticed for SW-A, SW-C, and NW-A
types. The maximum intensity of growth reached up to 1 day per decade, 1 day per 17 years,
and 1 day per 24 years, respectively, exceeding the rates for the western part of Lower
Silesia and eastern Saxony [68]. It should also be emphasized that the projected changes in
these types of circulation for Germany indicate a further increase in the frequency of strong
and very strong heat stress in the future [62]. Thus, the heat-stress conditions related to
these circulation types can be significantly intensified in the following years in the region
of Central Europe.

The atmospheric circulation also defines the favourability of weather conditions for
tourism and recreation, according to the CTIS criteria. The anticyclonic types of circulation
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contributed to the increase in thermal comfort in the cold season, while the cyclonic weather
limited the intensity of heat stress in the summertime. Generally, the most favourable
biothermal conditions in terms of CTIS were noticed in spring and autumn. Similar
results (using different biothermal indices) were carried out for the lowlands and the lower
mountain zones of Austria, Germany, and Romania [5,72,78]. Simultaneously, the annual
structure of biothermal conditions is different from the highest mountain zones, where the
summertime is the optimal period for tourism [69,71,72,74,81]. In the case of the criteria
defined by meteorological variables, the region of Klodzko Land was characterized by
relatively favourable conditions concerning humidity, wind speed, and precipitations.
Comparably to the lower mountain zones of the Western Sudetes Mountains, at least 60%
of days throughout the year were usually characterized by weather conditions useful
for tourism purposes [69]. Both regions were also similar to each other in terms of solar
conditions. In the warm season, the frequency of sunny days in Ktodzko Land was equal to
20-50%, while in the Western Sudetes it amounted to 30-50% [69]. A comparable number
of sunny days was also noticed in the lower alpine zones [72]. Ktodzko Land was also more
favourable in the case of wind criterion in the comparison to the coastal area of Poland,
where wind speed exceeding 8 m/s occurred on 14-36% of days [80]. Snow conditions for
skiing were similar to the observed for the lower parts of the other Polish and European
mountains [69,72,74,81] and worse than in the higher hypsometric zones [69,71,72,74,81].
However, it should be remembered that geographical variability of Ktodzko Land can
contribute to a significant differentiation in snow-cover conditions. The mean duration of
snow cover in the hypsometric profile of the Sudety Mountains increases more than 8 days
per 100 m [94].

The results presented in the study showed that Klodzko Land is characterized by
relatively favourable climate conditions for tourism and climatotherapy. However, the
region is also vulnerable to heat stress, the frequency of which has significantly increased
over the last decades. The projections of biothermal conditions indicate that heat stress
can be additionally intensified in the future in this part of Europe [62,82,95,96]. Therefore,
appropriate adaptation measures should be undertaken to prevent tourist and bathers
from the negative influence of heat-related weather. It should also be emphasized that
biothermal conditions, including heat stress, can significantly vary in this region depending
on altitude, exposition, terrain relief, vegetation, and other geographical factors [70]. The
results of this study can contribute to expand the knowledge of climate and bioclimate
conditions of the discussed region. They can also be used in tourism planning and serve as
supplementary information for health resorts.
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