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Swimming period 

(days)

Baltic Sea

Matzarakis und Tinz, 2008



International tourism’s top spenders
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UNWTO, 2009



Score Country
Percentage of total 

emission

(2005)

1 USA 22.2 %

2 China 18.4 %

- EU 11.4 %

3 Russia 5.6 %

Global tourism sector    4.95%

IfIf tourismtourism was a was a countrycountry??
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4 India 4.9 %

5 Japan 4.6 %

6 Germany 3.0 %

7 Canada 2.3 %

8 Great Britain 2.2 %

9 South Korea 1.7 %

10 Italy 1.7 %

Global tourism sector    4.95%

UNWTO, 2007/8



CLM, CLM, �� Ta (2091Ta (2091--2100) 2100) –– (1991(1991--2000)2000)
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�������Air Air temperaturetemperature

(Matzarakis and Matuschek, 2009, unpublished)



Effect of the thermal atmosphere on humansEffect of the thermal atmosphere on humans

Assessment of effects of climate
Not only air temperature
Air humidity
Wind
Radiation
Thermo-physiology (activity and 
clothing) 
Energy balance of humans

Physiological Equivalent 
Temperature
Thermal index



CLM, CLM, �� PET (2091PET (2091--2100) 2100) –– (1991(1991--2000)2000)

PhysiologicallyPhysiologically EquivalentEquivalent TemperatureTemperature
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(Matzarakis and Matuschek, 2009, unpublished)



CLM, CLM, �� PET (2091PET (2091--2100) 2100) –– (1991(1991--2000)2000)
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�������PhysiologicallyPhysiologically EquivalentEquivalent TemperatureTemperature ((JJAJJA))

(Matzarakis and Matuschek, 2009, unpublished)



PPhysiologicallyhysiologically EquivalentEquivalent TemperatureTemperature

Data: REMOData: REMO
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PPhysiologicallyhysiologically EquivalentEquivalent TemperatureTemperature

Data: REMOData: REMO
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http://ec.europa.eu/environment/climat/adaptation/index_en.htm



TripleTriple--SS
SandSandSeaSeaSunSun
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SnowSnow



Tourism and climate parametersTourism and climate parameters
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Tourism Climate
(Matzarakis, 2006)



Facets of climate in tourismFacets of climate in tourism

Aesthetic

Sunshine duration

Visibility

Fog

Length of day

Physical

Wind

Rain

Snow/Ice

Extreme Weather

Thermal

Synergetic effects 
of air temperature, 
wind velocity, 
relative humidity, 
long- und short 
wave radiation, 
metabolism, activity, 
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(After de Freitas 2001, Matzarakis 2006, modified)

Air quality

UV

Odours/Noise

metabolism, activity, 
clothing

Attractiveness, Attractiveness, 
EnjoymentEnjoyment

Thermal Thermal 
comfortcomfort/stress/stress

AnnoyanceAnnoyance, , dangerdanger, , 
activityactivity, …, …



Thermal

Physical

Aesthetical

Activities
Facilities

Tourists and tourism 

�����������	
���
�������

Tourists and tourism 
industry

Quantification/
Evaluation/
Destination analysis/
Groups

Climate
Tourism/Transfer

Information
Scheme



Selected meteorological parameters and their thresh olds for describing Selected meteorological parameters and their thresh olds for describing 
and calculating the climatic tourism potential (* P ET = Physiologically and calculating the climatic tourism potential (* P ET = Physiologically 
Equivalent Temperature) Equivalent Temperature) –– based on daily databased on daily data
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(Matzarakis and Endler, 2009, unpublished)
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Positive and Negative



MicroMicro scalescale modificationsmodifications//simulationssimulations

Reduction of sun radiation: mean radiant
temperature (Tmrt) = air temperature (Ta).
Corresponds more or less to shade/urban tree
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Corresponds more or less to shade/urban tree
conditions.

Modification of wind speed (v+1, v-1 m/s).
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Strange ThingsStrange Things!! –– Adaptation Adaptation strategystrategy !!
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(Foto: Matzarakis, Northern Germany, 2. June 2008)



� Tourism/recreation without climate is possible!?
� Assessment: winter and summer period – all year
� Months - decades: Information for tourism and recreation (health)  
� Extreme events – quantification with PET
� Frequencies based on climate and bioclimate facets  
� CTIS  (Climate-Tourism-Information-Scheme)
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�

� CTIS  (Climate-Tourism-Information-Scheme)
� Bioclimate – quality of life!
� Extension or reduction of tourism period
� Comparison to other destinations
� Planning levels: Adaptation possibilities – trees – shade – wind
� Economy, tourism, health, regional and urban planning
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Price: 0 €

www.klimatrends.dewww.klimatrends.de

www.urbanclimate.net/climtourwww.urbanclimate.net/climtour Price: 0 €
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ClimateClimate--TourismTourism--InformationInformation--Scheme for Freiburg for the base Scheme for Freiburg for the base 
period 1961period 1961--1990 based on modelled data of REMO (u pper panel) 1990 based on modelled data of REMO (upper panel) 
and CLM (lower panel) and CLM (lower panel) 



ClimateClimate--TourismTourism--InformationInformation--Scheme for Freiburg for the period Scheme for Freiburg for the period 
20712071--2100 based on modelled data of REMO (upper pa nel) and CLM 2100 based on modelled data of REMO (upper panel) a nd CLM 
(lower panel)(lower panel)



www.urbanclimate.net/climtourwww.urbanclimate.net/climtour
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Commission Climate, Tourism and RecreationCommission Climate, Tourism and Recreation
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www.klimatrends.dewww.klimatrends.de

www.urbanclimate.net/cctrwww.urbanclimate.net/cctr



� Direct climatic impacts
» Warmer Summers
» Warmer Winters
» Precipitation Changes (water supply)
» Increased Extreme Events

� Indirect environmental change impacts 

Assessment of Major Impact Types at Tourism Assessment of Major Impact Types at Tourism 
DestinationsDestinations
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� Indirect environmental change impacts 
» Biodiversity Loss (terrestrial and marine)
» Sea Level Rise
» Diseases

� Impact of mitigation policy on tourist mobility
» Travel Costs and Destination Choice

� Indirect societal change impacts
» Global/Regional Economic Impacts 
» Increased Security Risks (social/governance disruption)

UNWTO, 2007/8



CLM, PETCLM, PET (1991(1991--2000)2000)
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Atmospheric Environment

Thermal environment

• Air temperature

• Air humidity

• Wind speed

• Short and long wave  
radiation

Air pollution

• Particles

• Liquids

• Gases

UV-Radiation

• UV-B

• UV-�

radiation

• ....

... others
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(Matzarakis and Endler, 2009, unpublished)
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(Matzarakis and Endler, 2009, unpublished)
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(Matzarakis and Endler, 2009, unpublished)
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UNWTO, 2005
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Tourism Vulnerability ‘Hotspots

Climate Change and Tourism, 7.-8. 

Regional 
Knowledge GapsUNWTO, 2007/8



The New Realities of Tourism 
in an Era of Global Climate Change

� Impacts and Adaptations at Tourism Destinations
» Mountain regions
» Coastal regions and islands
» Natural and cultural heritage

� Implications for Tourism Demand
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� Implications for Tourism Demand
» Geographic and seasonal shifts

� Emissions from Tourism: Status and Projections
» Sub-sectors: transport, accommodations, activities
» Results for 2005 baseline and 2035 projection

� Mitigation Measures in Tourism
» Mitigation potential for 2035

UNWTO, 2007/8
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MissingMissing: Scientific : Scientific tourismtourism



Global tourism emissions for 2005: only CO2
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July

Climate modelClimate modelPhysiologically Equivalent Temperature
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0.1 0.1 °°

Matzarakis, Georgiadis, Rossi, 2007, Il Matzarakis, Georgiadis, Rossi, 2007, Il NuovoNuovo CimentoCimento CC



Ästhetik
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Positive and Negative



Benefits of an urban forest

Benefits relating to pollution mitigation

• Amelioration of urban climate extremes

• Mitigation of urban heat islands

• Store and sequester carbon

• Reduce noise pollution
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• Reduce noise pollution

• Improve air quality (not only)

• Improve water quality

• Lower temperatures of parked cars

• Reduce volatilisation of bitumen

• Reduce consumption of electricity for heating and cooling

• Reduce need to invest in new power utilities

Brack, 2002, Environmental Pollution



Other benefits

• Aesthetic contribution, scenic beauty, visual amenity

• Architectural enhancement of buildings

• Improve property values

• Increase privacy, barrier against unpleasant/stressful scenes

• Control urban glare and reflection

Benefits of an urban forest

�����������	
���
�������

• Improve general livability and quality of urban life

• Increase tourism

• Provide opportunities for outdoor recreation and enjoyment

• Contribute to human health and relaxation, reduce stress and anxiety 
levels

• Attract birds and other wildlife

• Act as a source of specialty and general timbers

Brack, 2002, Environmental Pollution



Energiebilanz von „Oberflächen“ ....



Thermal indices (PMV, PET), 
Thermal perception, 
Physiological stresss
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Threshold values of thermal
indices PMV and PET for
different grades of thermal
sensitivity of human beings and
physiological stress on human
beings

(according to Matzarakis and 
Mayer, 1996)



If one wants to assess the influence of climate on the human
organism in the widest sense, it is necessary to evaluate the effects
not only

thermal thermal thermal effectiveeffectiveeffective complexcomplexcomplex
Thermal Thermal Thermal comfortcomfortcomfort

HeatHeatHeat stressstressstress
ColdColdCold StressStressStress
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not only
of a single parameter

but of all thermal components.

This leads us to the necessity of modeling the human heat balance.

Büttner, 1938



Physiologically Equivalent Temperature PETPhysiologically Equivalent Temperature PET

basis: human energy balance model MEMI (Munich Energy 
Balance Model for Individuals)

PET is defined as the air temperature at which the energy
balance for the assumed indoor conditions is balanced by
the same mean skin temperature and sweat rate as
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the same mean skin temperature and sweat rate as
calculated for the actual outdoor conditions

assumed indoor conditions:
- Tmrt = Ta
- v = 0.1 m/s
- VP = 12.0 hPa

neutral conditions 

at 20 °C



Changes in air temperature Changes in air temperature (2051(2051--2080)2080)

Simulations: 
IPCC 
GCM
RCM 
CLM – 18 km
No weather predictions
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Regionale Klimamodelle

No weather predictions
1961 – 1990 CLINO
� 1. : 1961-2100
� 1:   2001-2100
Show a possible development of 
climate



ChangesChanges in in precipitation (2051precipitation (2051--2080)2080)
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(Sheet: J. Wilms, 2007)



Physiologically Equivalent TemperaturePhysiologically Equivalent Temperature

Data: DWDData: DWD
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Weather and climate are limiting factors for tourism 

Weather and climate are driving forces in the tourism 
demand 

WeatherWeather//ClimateClimate ......
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demand 

General: winter and summer tourism
Winter: Snow (Applied Climatology)
Summer: Thermal component 
(Biometeorology/Climatology)



CLM CLM –– Climate Version Climate Version ofof the Local Modelthe Local Model

- Dynamical and non-hydrostatical 
model forced by ECHAM5/MPI-OM 

- based on local model of German 
Weather Service 

- Rotated and non-rotated grid
- Model region: Europe
- Data availability: 1955-2100
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- Data availability: 1955-2100
- Spatial resolution: 18 x 18 km (0.167 °)
- Temporal resolution: hours
- IPCC scenarios: A1B, B1 (2 

realizations)
- Transient runs, i.e. driving factors 

follow the real temporal trend

Umweltbundesamt: Several Universitys and 
Research Centers



Mean air temperature conditions or precipitation

Which parameters and factors
Weather and climate – who knows the difference 

Needs of Tourism/Industry  Needs of Tourism/Industry  
Possibilities of ClimatePossibilities of Climate

The questions ?The questions ?
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GCM - resolution
Regional models – data climate networks 
Time horizon of tourism – marketing scale
Beach, mountain or cultural tourism assessment
Extreme events
Availability of parameters and accuracy


