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Introduction
Urban street design has a strong influence on human thermal bioclimate. Especially shading and 
ground coverage show great impact (Lin et al 2010 a, b). Thus, if the design of a popular urban place 
is changed, human thermal bioclimate on the place may be seriously affected. Facing the impact of 
global climate change especially heat stress should be reduced (Matzarakis and Endler 2010). 
According to the “ideal urban climate” a thermal bioclimate with lots of spatial variation, but avoiding 
extremes” (Mayer 1989) is to be preferred. 

Freiburg is calling itself a “green 
city” and has already taken some 
effort in human bioclimate in the 
past (Matzarakis et al 2008). 
Furthermore studies on climate 
change predict an increase of heat 
stress for Freiburg (Matzarakis and 
Endler 2010). The place of the old 
synagogue is a popular place in the 
western part of the inner city. Due 
to the university and the theater 
around it, there are lots of people on 
the place. This place is now going 
to be redesigned by the city 
administration (fig. 1). According to 
the current blueprints, there will be 
lots of changes in ground coverage 
and shading (compare to fig. 2) 
strong impact on thermal bioclimate 
on the place is to be expected. 

Methods and Data
The changes in thermal bioclimate 
due to the redesign have been 
calculated using numerical models. 
For this study, the three models 
SkyHelios (Matzarakis and 
Matuschek 2011), RayMan 
(Matzarakis et al 2007, 2010) and 
ENVI-met (Bruse 1999) have been 
applied. Each model has been used 
to calculate two situations, one for 
the current place and one for the 
redesigned one. Afterwards the 
results have been compared to show 

the changes. For this study a aerial photograph of the current place, the blueprint of the redesigned 

Fig. 1: The Place Of The Old Synagogue after the redesign  
according to blueprints of the city administration Freiburg. 
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place, a elevation raster, as well as shapefiles of the surrounding buildings have been used as input 
data. Also two ENVI-met surface models for the current and the redesigned place could be used from a 
former project (Röckle et al. 2010). For the meteorological input a ten year period recorded by the 
urban climate station Freiburg (Matzarakis and Mayer 2008) was applied. As there are many 
parameters influencing thermal bioclimate (Mayer and Höppe 1987), conclusions are drawn from 
changes in physically equivalent temperature (PET) (Mayer and Höppe 1987, Höppe 1999), 
integrating a lot of them. To create RayMan obstacle files, that are necessary for the calculations, 
manually in the RayMan Editor is very time consuming, as the editor only supports map templates and 
all of the obstacles have to be inserted manually. As shapefiles containing position, shape, and hight of 
all the necessary buildings have been available an other method was more efficient. While RayMan 
does not support the import of shapefiles, SkyHelios does. Furthermore SkyHelios can be used to 
calculate fisheye images. Those can be used in turn in RayMan instead of obstacle files. Thus 
SkyHelios was not only used for a brief overview over the changes in the spatial distribution of the 
Sky View Factor (SVF), but also to create seven pairs of fisheye images. Afterwards PET was 
calculated for a ten year period at the seven Points on the current (compare to fig. 2) and the 
redesigned place using RayMan. Results from those calculations have been classified into nine classes 
of thermal perception, using a table from Matzarakis and Mayer 1996. To even more facilitate the 
results, the three classes of cold stress, comfortable conditions, and heat stress have been merged into a 
cold, a comfortable, and a hot thermal stress class (tab. 1). 

Tab. 1: Thermal stress classes for humans with an internal heat production of 80 W and an heat  
transfer resistance of the clothing of 0.9 clo. Table modified after Matzarakis and Mayer (1996).

PET Thermal Perception Grade of physical stress Combined classes

 < 4 Very cold Extreme cold stress Cold
4 – 8 Cold Strong cold stress Cold
8 – 13 Cool Moderate cold stress Cold
13 – 18 Slightly cool Slight cold stress Comfortable
18 – 23 Comfortable No thermal stress Comfortable
23 – 29 Slightly warm Slight heat stress Comfortable
29 – 35 Warm Moderate heat stress Hot
35 – 41 Hot Strong heat stress Hot
 > 41 Very hot Extreme heat stress Hot
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Results
The results from the calculations with SkyHelios show that the central open area of the place with very 
high SVF is only little increased by the redesign, but has been moved to the west. On the current place 
it is not interrupted by the trees along the street in the center. After the redesign SVF is reduced in the 
eastern part of the place by some new trees. 

The calculations with RayMan show, in average over all points, a strong decrease of cold stress in 

Fig. 2: The current Place Of The Old Synagogue with the seven Points, PET has been calculated  
using RayMan. 

Fig. 3: Changes in frequency of thermal stress classes in average over all points. 
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Spring and Fall, with a maximum of nearly eight hours per month (h/M) in April (fig. 3). In Summer, 
an increase in cold stress with a maximum of nearly four (h/M) in August is calculated. During the 
winter month cold stress is little decreased by less than one (h/M). Looking at the class of thermal 
comfort there is a certain increase in spring and fall. During the summer month, the frequency of 
thermally comfortable conditions is calculated to be severely decreased by up to 12 (h/M) in August. 
There can be nearly no development seen for the winter month. A much more interesting development 
is shown by the classes of heat stress, as it only shows an increase. Especially in the summer month 
the frequency of heat stress is calculated to be severely increased by up to eight (h/M) in September. 

As heat stress in summer is of special interest, it has been analyzed separately. Looking at all the 
points together, the frequency of heat stress is slightly increased by the redesign by approximately 1 % 
(fig. 4). However development is differing between the single points very strong. Point 7, located in 
the center of the space, for example shows much stronger development. Here the frequency of heat 
stress is increased by up to nearly 10 % (fig. 5)

Fig. 4: Mean frequency of heat stress in the summer month at all points on the current and the  
redesigned Place Of The Old Synagogue. 
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To analyze the spatial distribution of thermal stress over the place calculations with ENVI-met for a 
hot and dry seven day period have been performed for the current and the redesigned place. This 
period was selected because thermal stress is mainly an issue during the summer month as people are 
adapted to cold in winter. An additional module, CalcPET, was used as ENVI-met version 3.1BETA4 
can not calculate PET itself. As ENVI-met is a prognostic model, it was not possible to use a seven 
day record from the urban climate station, but only start values. 

Comparing the ENVI-met results for the current (fig. 6) and the redesigned place (fig. 7) on the third 
day, a difference of over ten °C (PET) between places with and without shading and can be seen. 
Because of the trees in the central area of the place that will be removed during the redesign, the area 
with very high PET of around 51°C will become larger. The new water basins on the redesigned place 
show slightly reduces PET compared to the lawn on the current place, but only inside the basins. A 
severe increase in PET of about six °C is shown in the area in front of the KG II, that is currently 
covered with grass and will be covered with stone plates after the redesign. 

Fig. 5: Mean frequency of heat stress in the summer month at point 7 on the current and the  
redesigned Place Of The Old Synagogue. 
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Discussion
Several methods of applied urban climatology have been used for this study. Each of them bears its 
specific advantages and issues.

SkyHelios: The main advantage in using SVF using SkyHelios is, that it is a very fast model to get a 
first overview over possible changes. However thermal bioclimate depends on many more parameters 

Fig. 6: Spatial distribution of  
PET on the current place of the  
old synagogue at the third day of  
a hot and dry period. Image 
created with Leonardo®. 

Fig. 7: Spatial distribution of  
PET on the current place of the  
old synagogue at the third day 
of a hot and dry period. Image 
created with Leonardo®. 
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(e.g. shading), that have even stronger influence. Conclusions thus can't be drawn by looking at SVF 
only. 

RayMan: Conclusions of this study are mainly based on the results of the calculation with the RayMan 
model. The advantages of RayMan are, first, that it is a very fast model and, thus, only requires little 
time for computation. This allows to significantly extend the calculated timespan. Furthermore 
RayMan can use real meteorological data as input, enabling the usage of a ten year series recorded by 
the urban climate station Freiburg.

Just like most other models, the RayMan model includes simplifications, that may lead to inaccuracy 
in results. As RayMan is a very common and often used model, severe unknown errors in the model 
are unlikely. Furthermore RayMan is well validated by several former studies (e.g. Matzarakis et al 
2007; Matzarakis and Rutz 2010) that attest RayMan very good accuracy.

Using data recorded by the urban climate station Freiburg data, however, causes some impreciseness 
that has to be considered. First the data had to be altitude corrected. Furthermore the horizontal 
distance of approximately 800 m between the measuring site and the area of interest may cause 
uncertainties in parameters that show strong spatial variability, like wind velocity. As this study deals 
with the comparison of two conditions using the same meteorological data, theses uncertainties 
shouldn't have much influence on results.

Also the spatial input for the RayMan calculations bear uncertainties that have to be mentioned. The 
use of fisheye images as spatial input is actually a very precise method. But as the fisheye images used 
for the calculations are no photographs, but images calculated by SkyHelios, the process of their 
creation, as well as the spatial input, is a potential source of inaccuracy. 

ENVI-met: Other inaccuracy has to be respected concerning the calculations with ENVI-met. Its high 
complexity makes the model very slow and limits the calculated timespan as well as the model 
resolution or the size of the area of interest. The imported model areas themselves shouldn't contain 
severe inaccuracy as they have already been used for another study (Röckle et al. 2010). However the 
limitation to the resolution leads to inaccuracy. Due to the low horizontal grids resolution of 3 m on 
3 m all objects become cuboids. While lager objects are composed by several cuboids, smaller objects 
can't be included in the calculations at all. Furthermore, the low horizontal resolution leads to 
inaccuracy in the calculation of radiation and air flow. As these inaccuracies are clear to see in results, 
they can be easily excluded from the analysis.

Conclusions
Results show that thermal bioclimate is strongly influenced by the redesign. According to the “ideal 
urban climate” (Mayer 1989) the reduction in the frequency of cold stress and the increase in 
frequency of thermally comfortable conditions in spring and fall is to be seen as an advantage. It is 
mostly caused by a reduction in shading, that increases areas exposed to direct solar radiation. In this 
areas PET is increased, what leads to more comfortable conditions during cold and cool periods. 
Under hot conditions in summer in contrast, it increases thermal stress. The strong decrease in 
frequency of thermally comfortable conditions and the severe increase in frequency of heat stress in 
summer is, thus, a big disadvantage. 

This effect is increased by the change in ground coverage. While results of the calculations with 
ENVI-met show a strong decreasing effect on heat stress for the meadows on the current place, as long 
as they are not too dry. The stone plates covering the redesigned place in contrast, will increase PET. 
The greatest impact on heat stress is shown by shading. On the current place some shade is provided 
by trees in the center. This trees will be removed due to the redesign, leaving a broad area without 
shading in the center of the place. The new planted trees in the eastern part of the place only provide 
little shading, as they are of types with small treetops. The new water basins in the west and south of 
the place are not showing any affect on thermal bioclimate beyond their borders. 
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