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Introduction
With global warming becoming an unavoidable fact, summerly heat waves in central Europe are going to become more frequent and more intensive over the next decades. The situation is aggravated 
in cities with their own complex micro climate, normally referred to as the urban heat island effect. The German BMBF funded joint research project “Development of strategies to mitigate enhanced 
heat stress in urban quarters due to regional climate change in Central Europe” (KLIMES, www.klimes-bmbf.de) had the goal to quantify the effects of the summerly urban microclimate on human 
thermal comfort and to develop possible countermeasures in urban planning.
For this purpose studies in the city of Freiburg, the city with the highest heat load in Germany, were conducted by research groups form the universities of Freiburg, Kassel and Mainz.

Conclusion
The results of the KLIMES project show how climate change is going to effect urban structures in central Europe and how urban planning can profit from modern simulation tools like ENVI-met and 
BOTworld when looking for ways to mitigate these negative effects on human thermal comfort. For central European cities an effective greening of urban spaces is the easiest way to ameliorate human 
thermal comfort in the summertime. Trees can provide effective screening from short wave solar radiation and thus lower the radiative temperature in their vicinity. Simulations with BOTworld show that 
a clever distribution of shady places throughout the quarter can effectively lower thermal heat stress for pedestrians, even if their route includes passages with high radiative temperatures and PET 
values.

Investigation areas

Human biometeorological measurements and on site-interviews on human 
thermal comfort took place in different parts of Freiburg (south west Germany) in 
the summers of 2007 and 2008. Four of these measurement sites were selected 
as model areas for the micro climate simulation with ENVI-met (Fig. 1).
The model areas were selected due to their development and building structure 
and their representativeness of quarters that can be found in typical central 
European cities.

Simulations

Results

Climate scenarios

For validation purposes all four model areas were first tested with atmospheric 
boundary conditions that occurred during the measurements (27.07.2007). In a second 
run atmospheric boundary conditions of an extreme (by central European standards) 
heat wave were used. These “worst case” boundary conditions include air  
temperatures of above 35°C, low wind speeds (<0.5m/ s in 2m above ground), low air 
humidity, very dry and hot soils (10% relative humidity, 25°C initialization temperature 
at 7:00 CET) and maximum solar irradiation (cloudless June 21st).

Urban planning scenarios

Two of the four model areas were redesigned by urban planners and then 
simulated with ENVI-met. For each model area two scenarios were created, one 
simulating a re-densification, the other one a gutting of the quarter. In both cases it 
was tried to create the best possible microclimate conditions.

Goals of the KLIMES project:
- update of human-biometeorological methods to quantify the 
perception of heat by people in urban environment under current 
and future climate conditions
- quantifications of the perception of human thermal (dis)comfort in 
different urban quarters during extreme summer heat
- development and verification of urbanistic strategies to mitigate 
the negative impacts of climate change and extreme weather 
conditions on the human thermal comfort
- synthesis of all results in a guideline for urban planning in the 
face of climate change in Central Europe.

Methods applied :
- measurement of all biometeorologically important parameters in 
summerly conditions within the city of Freiburg (SW Germany) 
which is the warmest city in Germany (University of Freiburg)
- interviews with people about their current perception of heat 
(University of Kassel), 
-model based simulations of static (ENVI-met ) and dynamic
(BOTworld ) human thermal comfort within different quarters of 
Freiburg under current and future summerly
weather conditions (University of Mainz)
- development of human-biometeorologically based strategies for
urban planning in order to mitigate the effects of global warming in 
central European cities (University of Kassel).

Fig. 1: Overview of measurement sites and model areas 
within Freiburg (Germany) Fig. 2: Possible redesign of the quarter Vauban in order to

ameliorate the summerly human thermal comfort

Fig. 3: PET in 2m above ground at 14CET in Freiburg Vauban. “Worst case“ scenario. Fig. 4: dPET (dynamic ET) calculated with BOTworld in 2m above ground at 14CET in 
Freiburg Vauban. “Worst case” scenario. 

As an indicator for human thermal comfort the human 
biometeorological comfort index PET (Physiological 
Equivalent Temperature) was used throughout the project. 
PET can also be calculated by ENVI-met (Fig. 3). 

In the summerly “worst case” scenario simulated with ENVI-
met PET mainly reflects the distribution of solar access, as 
the radiative budget has the main influence on human 
thermal comfort in these conditions.

The multi agent system BOTworld  (www.botworld.info) 
uses the output of ENVI-met to let virtual pedestrians 
review the thermal comfort for people moving through a 
quarter (Fig. 4). This dynamic approach gives a much more 
realistic evaluation of the human thermal comfort as it puts 
the distribution of zones of different bio meteorological 
properties (e.g. shaded area, areas with higher wind 
speeds, …)  into context with the typical walking routes 
within a quarter.

The results obtained with BOTworld show a much better 
agreement with the interviews on thermal comfort 
conducted  within the project than the static PET obtained 
with ENVI-met.
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