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My nightmare ! ! –
modification of 
microclimate

(Sheet: Baumüller, 2008)Introduction
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MissingMissing: Scientific : Scientific tourismtourism
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Weather, Climate, Climate Extremes

Weather - current situation (storm two days ago)
Climate - means and sums
Climate - max, min and higher statistical 
moments
Climate - frequencies, possibilities
Climate Change: trends and possibilities
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Tourism und climate parameters (Selection)

Tourism Climate
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Facet of climateFacet of climate SignificanceSignificance ImpactImpact

AestheticAesthetic
Sunshine/cloudiness
Visibility
Day length

Quality of experience
Quality of experience
Convenience

Enjoyment, attractiveness of site
Enjoyment, attractiveness of site
Hours of daylight available

PhysicalPhysical
Wind
Rain
Snow
Ice
Severe weather
Air quality
Ultraviolet radiation
Odours
Noise

Annoyance
Annoyance, charm
Winter sports/activities
Danger
Annoyance, danger
Annoyance, danger
Danger, attraction
Annoyance
Annoyance

Blown belongings, sand, dust…
Wetting, reduced visibility, enjoyment
Participation in sports/activities
Personal injury, damage to property
All of above
Health, physical wellbeing, allergies
Health, suntan, sunburn
Attractiveness of site
Attractiveness of site

ThermalThermal
Integrated effects of air
temperature, wind, solar
radiation, humidity, long wave
radiation, metabolic rate,
clothing.

Thermal comfort
Therapeutic, restorative

Environmental stress
Physiological strain
Hypothermia
Hyperthermia
Potential for recuperation

Tourism Climate

Quantification of Climate in Tourism
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CTIS (Climate-Tourism-Information-Scheme)

Threshold values for (Freiburg):

- Thermal acceptability 
(PET 18 °C and 29 °C)

- Heat stress (PET > 35 °C),
- Cold stress (PET < 0 °C),
- Sunny (< 5 octas),
- Fog (based on rel. humidity > 93 %),
- Sultriness (based on vapour pressure > 18 hPa),
- Dry day (precipitation < 1 mm),
- Wet day (precipitation > 5 mm),
- Windy ( > 8 m/s),
- Ski potential (based on snow cover > 10 cm).

CTIS
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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-Α

... others
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Human-Biometeorological Assessment 
of the Thermal Component of Different Climates 

 
 atmospheric environment 

- air temperature 
- vapour pressure 
- wind speed 
- short- and long-wave radiation 
   from the whole surroundings 
  (mean radiant temperature) 

human beings 
- grade of activity 
- heat transfer resistance 
  of the clothing 
 

human heat balance 
- comfort equation by FANGER 
- model MEMI 
- model IMEM 
- ... 

thermophysiological assessment indices 
- Predicted Mean Vote PMV 
- Physiologically Equivalent Temperature PET 
- SET*, Univ. Thermal Climate Index, .... 
 

assessment standards 

results (maps, temporal variability, ...) 

neutral conditions 
at 20 °C

Methods
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Thermal indices (PMV, PET), 
Thermal perception, 

Physiological stresss

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)

Thermal Perception
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July

Climate modelClimate model

0.1 0.1 °°

Results: thermal

Physiologically Equivalent Temperature

Matzarakis, Georgiadis, Rossi, 2007, Il Matzarakis, Georgiadis, Rossi, 2007, Il NuovoNuovo CimentoCimento CC
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Climate Change and Tourism, 7.-8. September 2007

DJF – ΔA1F

JJA – ΔA1F

MAM – ΔA1F

SON – ΔA1F

Seasonal PET Seasonal PET -------- A1B (2070A1B (2070--2100) 2100) –– Base (1960Base (1960--1990)1990)

(Matzarakis, 2006)
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http://ec.europa.eu/environment/climat/adaptation/index_en.htm
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WeatherWeather andand heatheat waveswaves

(Foto: Matzarakis, Norhern Germany, 2. June 2008, 



Meteorological Institute
Faculty of Forest and Environmental Sciences

Climate Change and Health, Italy, May 2008 

Data: Bavarian Agency of Forestry. Freising – Munich

Question: Forests and Bioclimate during heat waves 

Forests and Air TemperatureForests and Air Temperature
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“Climate manipulation”:

Create a better microclimate

Forests and BioclimateForests and Bioclimate
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Climate: Quantification for Climate: Quantification for 
Tourism Tourism 

–– CC new destinations CC new destinations 
-- North Europe North Europe 
-- New Med.New Med.
-- Shifting of tourism flowsShifting of tourism flows

-- CC = 3 CC = 3 °°CC
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CLM, A1B CLM, A1B –– Climate ScenarioClimate Scenario
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CLM, A1B CLM, A1B –– Climate ScenarioClimate Scenario
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ClimateClimate extremesextremes
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Perfect dayPerfect day
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Perfect day and bioclimatePerfect day and bioclimate
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AspectsAspects ofof bioclimatebioclimate andand othersothers
directdirect andand indirectindirect effectseffects

Radiation modification
Wind modification
Infrastructure protection
Reduction energy costs
Protection humans (UV)
Modified micro climate
(indoor and outdoor)

Education (long time)
Language between (long 
time) 
Information
Natural ventilation
Climate adapted 
architecture
Climate adapted behavior
Cool Biz
….
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GlobalGlobal tourism emissions for 2005: only CO2 tourism emissions for 2005: only CO2 

Sub-Sectors CO2 (Mt)

Air Transport ** 522 40%

Car Transport 418 32%

Other Transport 39 3%

Accommodation 274 21%

Activity 52 4%

Total World 1,307
Global (IPCC, 
2007)

26,400

Tourism 
contribution 4.95 %

Transportation

of Tourists = 75%

of Sector Emissions

**- does not include 

non-CO2 emissions 

and impact on climate

UNWTO, 2007/8



Meteorological Institute
Faculty of Forest and Environmental Sciences

Zero energy house
Burj Al Taqwa, Bahrein

(Sheet: Kuttler, 2008)

„World Future Energy
Summit“ 

(Jan. 2008, Abu Dhabi): 
Norman Foster presents
first CO2 und waste free

city (Masdar, Abu Dhabi; 
6 km2); Costs of „Eco-

City“ Projecj:
22 Mrd. $ 

First Step to CO2 –
neutral City
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ConclusionsConclusions

Effects and changes (CC) occur in local level 
Many information/tools from applied climatology for 
planners/Authorities/NGOs
Climate is on facet – air pollution, noise, UV - synergies
Future conditions !
Quality of Life (Remember 2003 and 2007)
Cooperation science and authorities
Connection: Indoor and Outdoor 
Finally: Flexibility  - because of variability – not only from climate
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Berlin, 5. November 2007

RayMan – www.mif.uni-freiburg.de/rayman
Matzarakis et al., 2007

Models Models andand ToolsTools
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www.urbanclimate.net/climtour

Price: 0 €

Ευχαριστώ

πολύ

Price: 0 €
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Climate Change and Tourism: 
Adaptation to weather, climate 

and climate extremes

Prof. Dr. Andreas MatzarakisProf. Dr. Andreas Matzarakis
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Thermal indices (PMV, PET), 
Thermal perception, 

Physiological stresss

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)

Thermal Perception


