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Abstract: The understanding and evaluation of thermal comfort in urban ecosystem is a 
basic need for bioclimatic urban design including the green urban structures contribution. 
The study aims at establishing a set of criteria for the assessment and dynamic analysis of 
thermal conditions in close relation with extended knowledge about urban climate effects 
and microclimatic conditions of the city. Thermal conditions are among the factors that 
greatly influence human activities and behavior inside city boundaries. 
The use of specific criteria for the precise measurement of physiological equivalent 
temperature (PET) is needed for urban thermal sensations assessment. The final outcome 
is concerned with the developing of a simplified methodology in order to analyze thermal 
comfort conditions and present them in urban climate maps for urban planning and open 
space design. 
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CONCEPTUAL FRAMEWORK 
 

Thermal comfort is an important indicator for the assessment of life quality 
within cities. It is strongly influenced by city climate conditions present in urban 
ecosystems. The study of urban thermal sensation was the main preoccupation of a 
previous European investigation project which was carried out in 6 European 
countries. The quality of urban open spaces, closely related to thermal conditions, 
can contribute to the quality of life within cities or, on the contrary, enhance 
isolation and social exclusion. Both are related with the thermal physical and social 
environment. 

Therefore in order to increase the functionality and good use of outdoor 
space, following the idea of revitalizing the cities, the environmental conditions 
and thermal comfort are strong factors that affect the quality of human habitat 
inside cities. The investigation of thermal comfort has to be corroborated with 
social interviews in order to enhance how the most influential microclimatic 
parameter (temperature) becomes a limitative urban factor for human activity in 
dependency with the variation of long and short wave radiation, humidity and wind 
velocity.  
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ASSESSMENT OF THERMAL COMFORT 
 

The main criteria to be used in urban thermal comfort assessment can be 
established by starting from the use of different comfort standards and indices. The 
main purpose of such an approach is to establish a set of appropriate criteria useful 
in the assessment of urban life quality, at disposal of city planners and technical 
representatives of the municipalities.  

The behavior of urban citizen in dependence of meteorological parameters is 
an important indicator based on the heat balances of man. The thermo logical and 
physical processes were previously described by researchers such Smith (1969), 
Fanger (1970), Hoppe (1999). Their research contributed to the establishment of 
the Physiological Equivalent Temperature (PET), largely used to describe the 
relation between air temperature and thermal comfort index in sun and shadow 
during case studies measurements. 

The dependency of PET with sun radiation and air temperature points out a 
permanent gap that can range form 3 to 6 degrees C, between the PET values in the 
sun and shadow independently from air temperature (fig. 1). Therefore, shadow 
becomes an important factor that influences thermal conditions according to 
physical factors of urban environment such as buildings orientation, types of 
pavement (fig. 2). 

 

 
 

Fig. 1 – Relation between air temperature and 
thermal comfort index PET in sun and 

shadow (after Lutz Katzschner) 

Fig. 2 - Surfaces temperatures in shaded and 
unshaded areas in a green street in summer (after 

Mayer H. and Matzarakis)
 

Another criterion to be used in the integrative thermal comfort analysis 
models is concerned with outdoor activity. While indoor environment tend to have 
relatively steady and controllable (by building and mechanical services) thermal, 
radiative and convective conditions, the outdoor one is defined by a great daily and 
seasonal variations of much less controllable microclimatic parameters (humidity, 
air temperature, surface temperatures, wind and radiation) which affect the energy 
budget of the body and therefore its thermal comfort. In urban ecosystems, thermal 
comfort conditions can vary according to different activities of urban citizens. 
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Thermal comfort conditions can be different according to these activities 
(Table 1), where the different reasons using places need various thermal 
conditions. Social activities, cultural activities or breaks need warmer conditions 
than the others. 

The thermal sensation parameter, calibrated by the correlation of 
physiological equivalent temperature (PET) and the neutral temperature with 
outdoor behavior of people.  

 
Table 1 - Thermal sensation and needed thermal conditions for different  

types of urban activities (Katzschner, 2002) 

 
 

Thermal comfort investigations have to be carried out taking into account the 
periods of heat stress and reduced cooling present during summer time. The 
integrated analysis of thermal comfort conditions have to combine the 
meteorological parameters with thermal sensation (table 2). 
 

Table 2 – Model of thermal evaluation form interviews in dependence of PET,  
air temperature and wind speed 

.  

The inquiry of urban thermal comfort should include one day measurements 
of radiation Rg in W/m2x10, wind speed v in m/s/10 and globe temperatures Gt and 
PET values in oC in order to get a better understanding of the thermal situation. 
Further on, the analysis should be focused on the daily variation of air temperature 
(Ta), surface temperature (Ts), globe temperature (TGey b) and PET, considered as 
weighting factors in the establishment of general thermal comfort conditions.  
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The subjective side of the assessment has to include frequency of use of 
outdoor spaces as also the percentage of people sitting inside/outside an urban 
open space through weekly observations. 

 
CONCLUSIONS 

 
The description of thermal condition is an important approach towards urban 

planning and design, increase of functionality in accordance with the classification 
of thermal sensations. People react on climate objectively in accordance with the 
calculated thermal indices, but their thermal sensations are combined with 
individual perception. Always more investigation is needed for windy weather 
situation, as here the mean radiation temperature is not dominant for the thermal 
sensation as wind speed. 
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