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Abstract The climate tourism potential of a region can be
described by methods used in human biometeorology and
applied climatology. Frequency analyses based on complex
thermal bioclimatic indices (e.g. physiologically equivalent
temperature) and diagrams of precipitation patterns based on
thresholds offer new approaches of visualisation. An inte-
gral approach for tourism climatologic analyses is provided
by the climate–tourism/transfer–information–scheme that
also bases on frequency distributions of relevant factors
and parameters which are important for a destination. The
knowledge about the vertical variability of tourism climato-
logic factors is of high importance because of the several
kinds of tourism activities affected by weather. The same
holds for a quantification of extreme events like heat waves
because of their possible effects on health and recreation over
a year's course. The results show that the vertical gradient of
bioclimatic and tourism-related parameters can be of value
when developing strategies of adaption to climate change.

1 Introduction

In the past years, many studies have dealt with the issue
of thermal bioclimate using not only simple indices like
the discomfort index but modern thermal indices of
human biometeorology like physiologically equivalent

temperature (PET) (Mayer and Höppe 1987; Höppe
1993, 1999; Matzarakis et al. 1999; VDI 1998). Several
studies basing on PET focused on diverse spatial and
temporal distributions (Scott et al. 2006a, b; Scott and
Lemieux 2010; Scott and Matthews 2011; Matzarakis
and Amelung 2008; Matzarakis et al. 2010a) and how
to incorporate them in tourism sector issues (Hall and
Higham 2005; Matzarakis 2006, 2010; Matzarakis and
de Freitas 2001; Matzarakis et al. 2004, 2007a; Amelung et al.
2007; Schott 2010; Gössling and Hall 2006; Gössling et al.
2010; Hall 2008; Jopp et al. 2010). The discussions included
in several projects showed that single, stand-alone parameters
are not appropriate for describing the climate in terms of
tourism and recreation. As a result, the development and
application of more comprehensive thermal indices was a
crucial issue in tourism climatology (de Freitas 2003; de
Freitas et al. 2008; Matzarakis 2006, 2010). Widely accepted
for example is the inclusion of climate facets in tourism
such as thermal, aesthetical and physical (de Freitas 2003;
Matzarakis 2006) which represent a combination of im-
portant factors by using mean values and extreme con-
ditions (Lin and Matzarakis 2008; Matzarakis 2010).

From the historical point of view, a climate index com-
bining several factors has some limitations especially when
the index is based on information about thermal comfort or
thermal components that are not derived from the human
energy balance of individuals but which consider primarily
factors for summer tourism and are not proved in terms of
thermal comfort (Matzarakis 2006; Mieczkowski 1985).
This leads to the questions of how to combine different
values in order to contain both summer and winter tourism
and how to quantify the annual course of the conditions
(Matzarakis 2010). Especially in hilly and mountainous
areas, both touristic seasons are of interest and are main
economic factors (OECD 2007).
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It is common knowledge that for higher elevated areas,
warmer climates will affect mostly winter conditions and the
related winter tourism activities (Scott et al. 2003, 2006a,
2011). Assessing mountainous regions in terms of climate
change, Matzarakis and Tinz (2008) indicate the following
changes and implications: (a) changes in climate tourism
relevant facets (thermal, aesthetical and physical), (b) dan-
gers through weather and other natural disasters (in general
extreme events), (c) changes in snow and related conditions
and (d) changes in biodiversity (special touristic attractions,
e.g. Hall 2010).

Inmountains of medium altitude for example, the ski season
can be shortened, allowing appropriate winter sport conditions
only in the higher regions of these mountains. For the Alps,
snow security would be given for areas higher than 1,500 m
(OECD 2007), and to the end of the twenty-first century, snow
cover can be reduced by 50 %. For every 1 °C increase of air
temperature, a 150-m upward shift of snow cover reliability is
expected which results in a decrease of available areas possibly
covered by snow (Endler and Matzarakis 2011a).

The most common method to define snow reliability is
the 100-day rule. It says that if in seven out of ten winters a
sufficient snow cover of at least 30–50 cm is available for
ski sports on at least 100 days between December 1 and
April 15, the ski resort can be described as snow-reliable
(Endler and Matzarakis 2011a). This methodology was
adopted by a recent OECD study (OECD 2007) with the
result that with a 2 °C warming, only 60 % of today's
existing ski areas in the European Alps would remain
snow-reliable. Technical development outdated this meth-
odology, as today snowmaking is widely spread all over the
Alps and the adjacent low mountain regions. In the Feldberg
area of the Black Forest for example, one third of the skiing
area is covered by snowmaking facilities. Until the year
2020, artificial snowmaking is planned for the whole
Feldberg area in order to become independent of natural snow
falls. Ski areas in the Alps experienced great demand losses in
past warm winter seasons of the last three decades (Steiger
2011a). In the exceptionally warm winter of July 2006, some
ski areas were not able to offer a continuous season from
December to April although they were equipped with
snowmaking facilities (Wolfsegger et al. 2008; Steiger and
Mayer 2008; Steiger 2010, 2011b; Schmidt et al. 2012).

In general, a reduction of both snow days and artificial
snowmaking potential is expected for the Alps (OECD
2007). For the Black Forest, the potential impact was
found to be higher than in the Alps with a shortening of
the winter season of approximately 40 % leading to an
altitudinal upward shift of ski resorts and winter sport
activities based on the A1B scenario (Endler et al. 2010;
Endler and Matzarakis 2011a). The snowmaking potential
and changing snow conditions, e.g. for the Black Forest
area, have been analysed in several projects which show

the limitation for medium elevations (Schneider and
Schönbein 2006; Schönbein and Schneider 2005; Schneider
et al. 2006; Sauter et al. 2010). In this context, changing
summer conditions offer new possibilities for regions of
higher elevation. Concerning integral assessments of climate
for tourism purposes, e.g. in the Black Forest, it is shown that
the increase of air temperature is higher than in coastal areas.
Moderate reductions of cold stress and an increase of sultri-
ness for moderate elevations are expected. For alpine regions,
the same pictures arise for cold stress and the reduction of ski
days (Matzarakis and Tinz 2008). In some cases, the different
impacts can be of advantage when combining the possibilities
in the early and late season as well as linking different kinds of
tourism activities (Serquet and Rebetez 2011).

Several studies about climate change implications on tour-
ism have been performed but they are always focused on
specific aspects of tourism, e.g. Alps or snow conditions in
specific parts of Europe's winter sport resorts (OECD 2007;
UNWTO–UNEP–WMO 2008; Scott 2011), which neglect
that the implications for tourism in terms of climate change
or changes in weather conditions are diverse (Matzarakis et al.
2004, 2007a; Amelung et al. 2007; Scott 2006; Scott and
McBoyle 2007). This can be regarded from different points
of view taking into account the interactions between weather/
climate, climate change and tourism (Matzarakis 2006, 2010).
Tourism industry and tourism administrations focus on short
terms, e.g. in marketing planning which covers about 1 to
3 years. Tourism infrastructure is often calculated for life
spans of about 15 to 20 years in case of new facilities (which
differs for winter or summer tourism). Thus, tourism industry
is usually not interested in long-term climate conditions but in
shorter time periods and weather. Tourism industry mostly
simplifies weather and climate to the three catchwords, sea,
sun and sand, for summer tourism, and in case of winter
tourism, the snow aspect plays the central part.

Regarding the relationships between tourism and climate in a
way not only dealing with sea, sand, sun and snow, more
climate aspects and views have to be analysed. Usually, clima-
tologists quantify climate for tourism purposes based on climate
facets in tourism, including thermal comfort or stress (based on
modern thermal index assessments for humans), physical
aspects (wind, rain, snow, ice, UV, extremes, air quality, etc.)
and aesthetical factors (visibility, sunshine duration, cloudiness,
day length, etc.) (de Freitas 2003; Matzarakis 2006). All these
factors can and do produce different experiences, annoyances,
stress and dangers. Based on the climate facets, assessments for
tourism can be performed on a daily basis and on the back-
ground of climate networks or climate simulations. New
approaches can be applied which include relevant parameters
and weighted factors focussing on integral climate assessments
for destination and other analysis (de Freitas et al. 2008; Lin and
Matzarakis 2008; Zaninovic andMatzarakis 2009; Matzarakis
2010). A new approach based on climate thresholds, the
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climate–tourism–information–scheme (CTIS), is appropriate
for destination analysis of present climate conditions and for
future climate changes. The method combines meteorological
and tourism-related components. Weather as an important part
of a tourist's travel experience is thus taken into account,
establishing a connection to early analyses that cover the
relation of weather types and tourism based on thresholds
(Gates 1975; Barbiere 1981; Besancenot 1989). All factors
are included in one single information scheme in order to
describe these factors in a high-temporal resolution. The CTIS
(Lin and Matzarakis 2008; Zaninovic and Matzarakis 2009)
intends to integrate and simplify climate information for
tourism. It contains detailed climate information which can
be used by tourists to anticipate thermal comfort as well as
aesthetical and physical conditions when planning their
vacations. CTIS provides all-seasonal frequency classes and
frequencies of extreme weather events on a 10-day or monthly
time scale (Matzarakis 2007).

All the factors mentioned above are of importance regard-
ing the dependence of tourism (and recreation) on climate and
weather but also because of the contribution of tourism to gross
domestic product (GDP) in most of the countries in the north-
ern hemisphere. Expected shifts in tourism flows change also
the distribution of financial income. In 2009 for example, more
than US$0.9 billion have been earned worldwide by tourism
industry. This implies risks but offers also new possibilities for
tourism areas (UNWTO–UNEP–WMO 2008; Simpson et al.
2008; Scott 2011; Matzarakis 2010; Gössling and Hall 2006;
Gössling et al. 2010; Hall 2008; Jopp et al. 2010). In Austria,
the percentage of tourism-related earnings in GDP is about 12
and 10 % of the employees in Austria who work in the field of
tourism (Fleischhacker et al. 2009).

In a region of complex topography and high vertical gra-
dients, the knowledge of the changes is of high importance
(Endler et al. 2010; Zaninovic et al. 2006) and the example of
Austria's Sonnblick fits well to this important issue and aim.
This study in the framework of the Tourklim project analysed
climate-based touristic potentials of the three destinations
Sonnblick, Rauris and the city of Salzburg on the basis of
several criteria. These three locations represent an altitudinal
gradient stretching from about 450 to 3,000 m a.s.l. We
studied parameters and factors which are of relevance for
tourism climate and present the outcome of our calculations
in clear diagrams which offer an appropriate tool for assessing
the climate tourism potential of specific destinations.

2 Study area and data

All three chosen locations are situated in the Austrian fed-
eral state of Salzburg and are distributed along the 13° E
meridian (Fig. 1a). The lowest station in Salzburg Airport is at
430 m a.s.l. (Adriatic), followed by Rauris at 934 m a.s.l. and

Sonnblick at 3,109 m a.s.l. (Fig. 1b). At each site, the Austrian
Central Institute for Meteorology and Geodynamics (ZAMG)
runs a meteorological station. Only Sonnblick is no ordinary
station but an observatory named after the mountain “Hoher
Sonnblick” on which it is built. The 14-h (CET) data of the
three stations are the starting point for the calculation of the
physiologically equivalent temperature PETand for generating
the diagrams presented in this study. The period used for this
analysis covers 30 years from 1961 to 1990, corresponding to
the last completed WMO Climate Normal.

3 Methods

In the course of the general debate about climate change, the
discussion also focuses more and more on tourism. Bearing
this in mind, one has to consider that particularly alpine
areas depend in many ways on favourable climatic condi-
tions like guaranteed snow cover in winter or suitable hiking
weather in summer and fall.

Based on climate facets, assessments for tourism can be
performed on daily basis and on the background of climate
networks or climate simulations. New approaches can be ap-
plied which include relevant parameters and weighted factors
focussing on integral climate assessments for the analysis of
destinations (de Freitas et al. 2008; Lin and Matzarakis 2008;
Zaninovic and Matzarakis 2009; Matzarakis 2010). A new
approach based on climate thresholds (climate–tourism–infor-
mation–scheme) is appropriate for analysing destinations re-
garding their present climate conditions and future climate
changes. The method combines meteorological and tourism-
related components. Apart from the two variables most fre-
quently used in impact assessment studies (air temperature and
precipitation), also PET, cold stress (PET<0 °C), heat stress
(PET>35 °C), thermal comfort (18 °C<PET<29 °C), sun-
shine/cloud cover conditions in terms of the number of days
with a cloud cover <5 octas, vapour pressure >18 hPa, wind
velocity >8 m/s, relative humidity >93 %, precipitation <1 mm
as well as precipitation >5 mm and snow cover >10 or 30 cm
are considered. In general, the definitions of the threshold
values do not necessarily correspond to universal meteorolog-
ical threshold values and are adjusted to applied tourism clima-
tology and human health applications. For example, under
meteorological aspects, a stormy day is given by a storm force
of at least 8 Bft, which corresponds to a wind velocity greater
than 17.2 m/s, while in tourism climatology, a wind velocity of
8 m/s (5 Bft) is perceived as unpleasant and uncomfortable. All
the above-mentioned factors have been included in one single
information scheme in order to describe these factors in a high-
temporal resolution. The CTIS (Matzarakis 2007; Lin and
Matzarakis 2008; Zaninovic and Matzarakis 2009) intends to
integrate and simplify climate information for tourism. CTIS
contains detailed climate information which can be used by
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tourists to anticipate thermal comfort as well as aesthetical and
physical conditions for planning their vacations. CTIS provides
all-seasonally frequency classes and frequencies of extreme
weather events on a 10-day or monthly time scale (Matzarakis
2007).

Examples for modern thermal indices which quantify the
effect of the thermal environment on humans are: predicted
mean vote PMV, PET and standard effective temperature
(Fanger 1972; Gagge et al. 1986; Mayer and Höppe 1987;
Höppe 1999) and very often used studies about the quantifica-
tion of thermal bioclimate. The advantage of any of these
thermal indices is that they can evaluate the thermal conditions
over a whole year: they require the same meteorological

variables as input (air temperature, air humidity, wind speed,
and short and long wave radiation fluxes) and they can be
calculated with free software packages, e.g. RayMan
(Matzarakis et al. 2007b, 2010b). In this study, PET is used
due to its widely known unit degrees Celsius as an indicator of
thermal stress and/or comfort. This commonly used unit is
of particular importance for users such as planners and
policymakers, who most likely are unfamiliar with human
biometeorological terminology (Matzarakis 2007; Lin and
Matzarakis 2008; Zaninovic and Matzarakis 2009). In order
to calculate PET for the three stations, the following variables
were included in the RayMan model: air temperature, vapour
pressure, average wind speed and global radiation.

Location of the analysed stations in Austria

Topography surrounding the three analysed sites 

a

b

Fig. 1 a Location of the
analysed stations in Austria.
b Topography surrounding the
three analysed sites
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Afterwards, we classified the resulting PET values according
to Matzarakis und Mayer (1996) (Table 1), who define
thermal comfort strain classes for central Europe.

In addition to the thermal conditions, a similar approach
was applied to the precipitation data. It includes several
classes of precipitation intensity and covers several aspects
of rainy or dry conditions during the whole year.

In detail, the results of our analysis include:

& Diagrams dealing with the bioclimate's thermal compo-
nent, based on the PET

& Diagrams summarising precipitation data, cloud cover,
foggy days, etc.

& The CTIS which offers a clear and comprehensive over-
view summarising a variety of bioclimatically relevant
parameters and factors for tourism

& A rating CTIS which emphasises the analysed location's
qualities

4 Results

For each station, four graphs are presented (PET bioclimatic
diagram, precipitation diagram, CTIS and rated CTIS) and
discussed. The stations appear according to their altitude,
starting from the lowest station, Salzburg Airport, followed
by Rauris and Sonnblick. The characteristics of each station
found in this study can be used for developing or improving

the site's individual profile in terms of tourism climatic
advantages. The spotlighted parameters and factors are:

– Thermal comfort (18.0 °C < PET < 29.0 °C)
– Cold stress (PET < 0.0 °C)
– Heat stress (PET > 35.0 °C)
– Sultriness (vapour pressure > 18.0 hPa)
– Sunshine days (cloud cover < 4 octas)
– Dry conditions, dry day (RR ≤ 1 mm per day)
– Wet conditions, rainy day (RR > 5 mm per day)
– Foggy days (relative humidity > 93 % at 14 h)
– Windy days (vv > 8 ms−1 at 14 h)
– Skiing potential (snow cover > 10 and 30 cm)

The bioclimate diagram for Salzburg Airport shows a
typical annual frequency pattern of PET classes for a mid-
latitude station of relatively low elevation (Fig. 2). The three
(north-) winter months December, January and February are
dominated by cold stress, i.e. the class PET<0 °C, with
almost no occurrence of any heat stress. The months June,
July and August on the other hand reach the classes of high
and even extreme heat stress. Starting about the end of
April, the number of days with thermal comfort is relatively
high all over summer period until the first monthly decade of
October. Although the PET range (−21.5 to 48.5 °C PET) is
quite high, the location's bioclimate can be described as
moderate with even a tendency to cool classes. The mean
annual PET of 13.9 °C and the comparison of the classes
PET<8 °C with PET>30 °C underline this impression.

Regarding the precipitation diagram for Salzburg Airport
(Fig. 3), the annual course follows again the seasons. While
rain events of low intensity occur all over th e year, heavy
rainfalls concentrate in summer with a maximum of
160.2 mm (average monthly total) in July. The class of most
intensive rainfall (RR>20.0 mm per day) was found
throughout the year, but at a very low frequency in winter
months and transitional seasons. The lack of days with wind
speeds higher than 8 m/s in the analysed 30-year average is
also remarkable because the station is situated at an airport
with a supposedly low number of obstacles to airflow.

The annual courses of different parameters and factors
described in Figs. 2 and 3 are summarised clearly in the
CTIS for Salzburg Airport (Fig. 4). Following the frequency
of thermally disadvantegous PET classes, the highest percent-
age of days with thermal comfort is to find in the monthly
decades with a low proportion of cold or heat stress. Thus
May, June as well as September and its surrounding monthly
decades are thermally favourable. Comparing the percentage
of days with sunshine and the days with dry conditions, the
station shows a relatively positive distribution all over the
year. Corresponding to the lack of days with high wind speed,
this parameter shows little occurrence all over the year. Snow
cover, which is of advantage in touristic terms, concentrates
mostly at the end of December and in January.

Table 1 Threshold values of the physiologically equivalent tempera-
ture PET for different thermal perceptions and levels of thermal stress,
related to a metabolic rate of 80 W and a heat transfer resistance of
clothing of 0.9 clo; according to Matzarakis and Mayer (1996)

PET (°C) Thermal perception Level of thermal stress

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
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Fig. 3 Frequency diagram of precipitation classes for Salzburg Airport (1961–1990)

Fig. 2 Frequency diagram of PET classes for Salzburg Airport (1961–1990)
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The rating CTIS for Salzburg Airport (Fig. 5) finally gives a
good impression of the site's advantages and less favourable
climatic conditions. As already noticed in the PET diagram
(Fig. 2), the thermal conditions tend to be less favourable. With
a frequency always lower than 50 %, sunshine days are also
quite rare what leads to a best rating of moderate regarding this
parameter. Snow cover is even least favourable in winter, at
least in terms of alpine sports or cross-country skiing, which
need a minimum of 30 and 10 cm of snow cover, respectively.

Ascending some 500 m to Rauris, one can see already a
clear shift towards a rougher, colder climate. Still following
clearly the seasonal pattern (Fig. 6), the tendency towards
cold PET classes increases in comparison with Salzburg
Aiport. The decrease of the annual mean to PET012.1 °C
and the almost complete vanishing of the class of extreme
heat stress even in the hottest time of the year indicates
clearly the station's higher elevation. Also, the occurrence
of some days with 0 C<PET<4.0 C in the middle monthly
decade of July points to a colder climatical environment.
The range of thermally comfortable days in the annual
course concentrates in summer, but from May to September,
thermal comfort is still reached quite often.

The precipitation diagram for the station Rauris (Fig. 7)
generally corresponds to the diagram of Salzburg Airport.
The annual course of the RR classes shows again a typical
seasonal pattern, only when regarding the selected parameters

shown under the diagram that some differences can be seen.
The lower annual sum of rainfall as well as the tendency
towards more days with cloud cover is clearly visible. Both
snow cover classes occur more frequently in Rauris, whereas
days with windy conditions again do not occur in average.

Due to the low frequency of days with heat stress in
Rauris, a relatively high percentage of days with thermal
comfort stretches from May to September (Fig. 8). Cold
stress on the other hand increases strongly in November
and preponderates till the middle monthly decade of March.
Complementary to the quite high number of days with a
cloud cover of over 4 octas, sunshine occurs mostly in some
30 to 40 % of each monthly decade except for a sunnier
period in and around October. Foggy and windy conditions
are quite rare, but a higher percentage of days with snow
cover in winter remains to be seen, especially the class
starting at 10 cm of snow.

Sorted into seven classes, the rated CTIS for Rauris
shows ideal conditions in terms of heat stress and sultriness
all over the year (Fig. 9). The same applies for the param-
eters rainy conditions, foggy days and days of high wind
speed. The relative lack of sunny days manifests in a less
positive rating. However, the snow cover shows, especially
in January and February, a positive tendency.

The bioclimate diagram for the Sonnblick observatory
(Fig. 10) does not surprise very much: It is extremely cold

Fig. 4 CTIS for Salzburg Airport (frequency of occurrence in the period 1961–1990 in percent)

Fig. 5 Rated CTIS for Salzburg Airport (frequencies put into qualitative classes)
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all over the year. In summer, the PET class from 18 to 23 °C
is reached only in a few minor cases, the rest of the days
belongs to different classes of cold stress as can be seen,
e.g. in the 350 days below PET 8 °C. Also, the mean

annual PET of −9.6 °C underlines the thermally extreme
bioclimate.

The precipitation diagram (Fig. 11) shows an annual
course which follows only the seasons marginally. With a

Fig. 6 Frequency diagram of PET classes for Rauris (1961–1990)

Fig. 7 Frequency diagram of PET classes for Rauris (1961–1990)
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high frequency of strong rain events (in this case, it should
be mostly snow events) all over the year, the maximummonth-
ly precipitation sums stretch fromApril to August, only slightly
interrupted in June. The minimum RR sum occurs in October
which is followed by another period of relatively high precip-
itation all over winter. Almost all over the year, the ground lays
under a snow cover. Foggy and cloudy conditions prevail in
about 50 and 75 % of the year, respectively, and almost one
twelfth of the year has wind velocities of over 8 m/s.

The distribution of CTIS parameters and factors for the
Sonnblick observatory (Fig. 12) emphasises the less favour-
able conditions in terms of tourism climate. Thermal com-
fort is not to be expected all over the year due to the extreme
preponderance of days with cold stress with a minimum
frequency of some 40 % only in the first monthly decade
of August. The annual course of days with sunshine shows
the highest occurrence in a period from September to
March, where about one third of the time cloud cover is
below 4 octas. Accordingly, the foggy days have their high-
est frequency from about May to September. The distribu-
tion of rainy days corresponds to the RR diagram (Fig. 11),
e.g. regarding the minimum rainfall values in October. The
number of days with snow cover finally shows a high
frequency all over the year.

Despite the impression of a very unfavourable environ-
ment in terms of tourism climate, the rated CTIS for the

Sonnblick observatory (Fig. 13) shows a relatively big set of
parameters and factors which are classified as ideal over
long annual periods. Apart from the expected positive rating
of the parameters heat stress and sultriness, also the distri-
bution of rainy days shows clearly a favourable distribution
all over the average year. Even the windy days seem not to
concentrate in a certain period which leads also for this
parameter to ideal conditions all over the year. Less favour-
able but still on the positive side of the scale is the frequency
and distribution of foggy days which results in ideal con-
ditions especially in winter. Finally, the snow cover is ideal
almost anytime with only a short qualitative drop at the
beginning of October.

5 Discussion

In our analysis, climatic conditions and changes relevant to
tourism were analysed for existing data sets. Several studies
on tourism climate indicate their importance especially re-
garding vulnerable mountain regions (OECD 2007). The
tourism sector is more interested in what might happen in
the coming years than what the climate will be like in the
end of the twenty-first century. In contrast to the model-
based regional studies KLIWA, KLARA and KUNTIKUM
(KLIWA 2006; Stock 2005; Bartels et al. 2009), our

Fig. 8 CTIS for Rauris (frequency of occurrence in the period 1961–1990 in percent)

Fig. 9 Rated CTIS for Rauris (frequencies put into qualitative classes)
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analyses indicate conditions and trends on the basis of
measured data. In general, winters will become milder
and moister due to an increase in western weather
situations (KLIWA 2006). The tourism industry is more

and more aware of those long-term climate changes and
thinks about new touristic products and activities. Also,
extreme events are important and pose new challenges to
destinations.

Fig. 10 Frequency diagram of PET classes for Sonnblick (1961–1990)

Fig. 11 Frequency diagram of PET classes for Sonnblick (1961–1990)
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An example for the development of climate conditions
and their implications for the tourism sector is the KUNTI-
KUM Project (climate change and sustainable development
of tourism in coastal and low mountain range regions)
where the North Sea and Black Forest in Germany have
been analysed based on trends of recent data and climate
simulations in order to achieve the trend of tourism climate
and tourism flows for two of the most vulnerable regions in
Germany (Endler and Matzarakis 2011a, b, c). Based on
climate simulations and possible tourism trends for several
destinations, adaptations have been developed in cooper-
ation with the local authorities and stakeholders (Bartels
et al. 2009): The study resulted in a generally higher
sensitivity of the destinations to the issue itself as well
as in a situation analysis, future and scenario analysis,
strategy development, action planning and implementa-
tion controlling. The destinations decided about climate
protection strategies and their implementation.

Considering the trends and conditions for higher elevated
regions, the results found in this study are quite similar
regarding thermal comfort (Endler et al. 2010; Zaninovic
et al. 2006). In terms of winter tourism, hilly regions and
lower mountainous areas will be mostly affected (OECD
2007; Beniston 1997, 2003; Serquet and Rebetez 2011). In
addition, most of the factors have also a site depending

character. For snow (and snowfall), additional information
(e.g. orientation of the slope, nature of soil and type of snow
itself and the capacity to shape it) is required.

In our study, we see a clear vertical profile in all the
important parameters. For PET, the gradient in the mean
conditions and the distribution of classes are clear. The mean
PET in Salzburg is 13.9 °C, in Rauris is 12.1 °C and at
Sonnblick station is −9.6 °C. The thresholds for heat stress
show their relevance in the two low-lying regions. Extreme
cold stress occurs at Sonnblick for a period of 310 days per
year but only about 60 days at the other two stations. The
importance of snow at Sonnblick is evident; most probably
due to its different components and their individual develop-
ment. This must not be misinterpreted as a proof against the
predicted climatic changes because PET is a tool for describ-
ing the thermal conditions of a human being by relating a
whole set of meteorological and physiological parameters.

Tourism and recreation areas should be adapted against
new long-term changes and extreme events like storms,
heavy rains, summer heat waves and warm periods in winter
(Matzarakis 2010; Scott et al. 2009; Scott 2011). The final
aim of tourism industry and tourism authorities should be to
focus not only on mitigation but also on adaptation strate-
gies (Scott et al. 2009; Matzarakis 2010; Matzarakis and
Endler 2010).

Fig. 12 CTIS for Sonnblick (frequency of occurrence in the period 1961–1990 in percent)

Fig. 13 Rated CTIS for Sonnblick (frequencies put into qualitative classes)
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The visualisations applied in this analysis lead to an easy
way to compare the three stations. The practical values of
the CTIS are evident not least because of the acceptance by
the tourism industry and other related branches (Lin and
Matzarakis 2008; Zaninovic and Matzarakis 2009; Çalışkan
et al. 2011; Matzarakis 2010).

6 Conclusions

In this paper, we analysed the climatic tourism potential
described for three locations in Austria: Salzburg, Rauris
and Sonnblick. The climatic tourism potential is based on
measured climate data. An analysis of a vertical gradient
stretching over about 2,700 m is included. The methodology
used here (CTIS, PET-, bioclimate and precipitation
diagram) is thought to be a comprehensive and user-
friendly scheme for the dissemination of tourism–climate
relevant parameters. CTIS can be applied on a 10-day or
monthly time scale although the 10-day interval is more
convenient for tourism purposes. Our results show the close
relation between climate and tourism. Climate change can
have both negative and positive impacts on tourism. Espe-
cially at higher elevations, shorter winters and longer sum-
mers might influence the structure of tourism and can lead to
a shift in the activities in terms of recreation. Also, the
background industry (e.g. suppliers) can be affected. The
expected reduction of snow cover might result in a distinct
loss of natural attraction. Thus, climate defines and influen-
ces the length and quality of tourism seasons and plays,
among other factors like economics and advertising, an
important role in destination choice and tourist spending.
Changes might be perceived rather at lower altitudes than at
higher altitudes (e.g. heat stress). Altered seasonality, heat
stress and sultriness, especially in the lowland, as well as
infectious diseases, natural hazards and energy costs for
cooling (air condition), might be expected and thus can
change the possible activities in elevated areas and
regions. A shift in tourism, especially winter tourism, will
be feasible, e.g. by using adaptation measures such as
snowmaking.

The produced and analysed material offers a basis for
elementary destination analyses on diverse planning levels.
They can be of help for the destinations when strategies and
measures against negative impacts of climate change are to
be developed. The new challenges require high flexibility
from both sides (tourists and tourism industry) not only in
terms of accepting climate change implications but also
when it comes to the preferences of tourism activities and
mobility options.
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