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Introduction
The thermal sensation of walking people at a certain position differs noticeably from the 
results of static thermal comfort indices at this particular position. The thermal history of 
each pedestrian in particular decides about his perception and assessment of the local 
microclimate. The Multi-Agent-System (MAS) BOTworld is able to simulate the thermal 
sensation of individual virtual pedestrians and create a spatial distribution of this comfort 
index. The aim of the presented study was to evaluate the model via on site-interviews 
and to use the results to develop planning strategies to mitigate outdoor human thermal 
heat stress during extreme heat waves in the summer. 

Conclusion
The advantage of BOTWorld, compared to static microclimatic models, is that it accounts 
for the thermal history of each Bot. This dynamic approach is the reason why the model 
matches with the interviews, especially in the heat sensitive areas. The maps derived from 
the interviews show a broad variety in assessing subjective thermal comfort. This variety 
makes it  difficult to define static benchmarks. The subjective perception map (Fig. 3) in 
connection with the dynamic modeling (Fig. 2) shows a realistic picture and can therefore 
be an instrument for urban open space climate adapted planning. In combination with the 
calibration it becomes obvious, that the centre of the Opernplatz has to be considered as 
an area with extreme heat stress. 

The map on the right was 
generated from on site-
interviews representing the 
subjective thermal sensation of 
pedestrians from 14.00 CET to 
16.00 CET at the Opernplatz  
in  Kassel,  Germany. The 
points indicate the spots where 
interviews took place. Parallel 
to the interviews mobile 
meteorological measurements 
were conducted. The data was 
interpolated with the Inverse 
Distance Method to see the 
spatial distribution of the 
subjective thermal sensation. 
The spatial interpolation allows 
a qualitative comparison with 
the BOTworld simulation. The 
Botworld simulation is in much 
better accordance than the 
static PET simulation. 

BOTworld gives you the possibility of a single 
Bot analysis. The figure on the right shows 
the Bot “Cindy” with its biometeorological
conditions during its movement through the 
model area. In the upper green curve, 
representing the radiative temperature (Tmrt), 
the areas where the Bot passes shaded areas 
are clearly to be seen. This is due to a rapid 
decrease of the Tmrt-Value when solar 
radiation is blocked e.g. through buildings or 
trees. The biometeorological reaction of an 
exposition to solar radiation or shaded areas  
can be seen in the skin temperature (T_sk). 
As a consequence of direct sun exposure for 
the main part of its route through the model 
area, the skin temperature of Bot “Cindy”
increases continuously. 
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Tab. 1: Benchmarks of heat stress derived from on-site interviews and ordinal regression 
method. This calibration can be used to evaluate the thermal sensation areas in figure 2.

cold stresscool< 13

weak cold stressslightly cool13- 17

no thermal stresscomfortable18- 24

weak heat stressslightly warm25- 28

moderate heat stresswarm29- 34

strong heat stresshot35- 41

extreme heat stressvery hot> 42

level of stresssubjective perceptionPET (°C)

Results

Interviews and meteorological measurements mainly match, especially in the very 
hot areas.  

Differences in the assessment are due to the uncertainty of psychological factors.  

The perception of places concerning their thermal comfort is closely linked to 
psychological matters explaining the differences in Fig 2 and Fig 3.

Benchmarks of heat stress could be derived from on site-interviews to help 
assessing the physical value PET (°C) according to the subjective perception of 
pedestrians.

Linkage of on-site interviews with meteorological data through mobile measurements,

Validation through BOTworld (www.botworld.info),

Evaluating thermal heat stress dynamically by dPET (dynamic Physiological 
Equivalent Temperature), 

Creating a “thermal history” in relation to pedestrian activity and movement patterns. 

Methodology

Fig. 1: Simulation of static PET based on the energy ba lance of 
human beings.

Fig. 2: DynamicPET, taking into account the thermal his tory of 
each agent

The static PET is calculated based 
on the human energy balance from a 
standard person (35 years, 175 cm 
and 75 kg). For the calculation of 
PET it is assumed that the person is 
exposed to the same atmospheric 
conditions until his energy balance 
reaches an equilibrium. The figure 
on the left shows PET-Values 
calculated for Opernplatz in Kassel, 
Germany, at 14.00 CET of July 31 
2008. As can be seen, the main 
differences in PET can are caused 
by differences in solar access 
(shadows of trees and buildings). 
But this index does not take the 
movement and the thermal history of 
persons into account. Therefore PET 
values in shaded areas are 
underestimated while they are 
overestimated in sunny areas.  

Fig. 2 shows the dPET conditions for 
14 CET at the Opernplatz in Kassel, 
Germany. The main target   
analyzing this particular square was 
to compare the simulation results 
with the actual thermal sensation of 
the pedestrians, derived from on 
site-interviews (see Fig. 3). Another 
main aspect analyzing the model-
area with BOTworld was to point out 
differences of thermal conditions 
based on static indices like PET or 
PMV with the outcomes of dynamic 
human-biometeorological indices like 
dPET. Due to the movement of the 
virtual agents through the model 
area and because of their thermal 
history, the shadowy areas do not 
figure as prominently here as in the 
static PET values of Fig. 1.  

Fig. 4: Single Bot Analysis

Fig. 3: Subjective thermal sensation of pedestrians , derived from on 
site-interviews

Especially in the heat sensitive areas the pedestrians express similar thermal sensations 
like the Bots. The pedestrians do not show the same accordance with the static PET 
simulations concerning the cooler areas. This leads to the conclusion that the thermal 
history of the pedestrians seems to have a considerable influence on the thermal sensation.


