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Abstract - Thermal condition is a decisive factor which impacts 

the use of outdoor spaces. Concerns on outdoor thermal 

conditions are on the rise judging by the growing number of 

research on the subject. However empirical research in the 

context of urban outdoor in moderate and dry climate is still 

limited. Predicting thermal comfort of outdoor spaces in a 

particular setting is essential to ensure continuous return of 

visitors and users. This paper aims to establish the thermal 

acceptable temperature range applicable for an urban context in 

temperate and dry climate zone based on the physiologically 

equivalent temperature (PET) index. Two fieldwork experiments 

were conducted through environmental measurements and 

questionnaire survey performed in winter of 2009 and summer of 

2010 at a public square in Esfahan, Iran. These data were used 

for the thermal comfort assessment, supported by the RayMan 

model for the calculation of the mean radiant temperature 

(Tmrt) and PET. The study established the acceptable thermal 

comfort range to be between 12.3 and 30.9 deg C which is 

relatively wider then past studies.  
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I. INTRODUCTION 

Conducive thermal condition is an important factor that 
makes outdoor space a success.  Concerns on outdoor thermal 
conditions are reflected on the growing number of research on 
improvements of the physical and thermal conditions of urban 
spaces. Thermal sensation is one of the most decisive factors 
in outdoor settings because it involves people being exposed 
to weather.  In addition, due to the direct relationship between 
outdoor thermal sensation and indoor thermal comfort [1], an 
enhanced outdoor condition could lead to energy saving as 
indoor air conditioning systems usage is reduced.  

Thermal comfort is developed under various theories in 
different climatic conditions which are mostly based on the 
body heat balance model [2]. The model explains that the total 
heat flow gain to or loss from the body is equal to zero as 
follows [3-5]: 

S = M – (W + C + R + E + Cres + Eres)                (1) 

Where, S is the heat storage of body, M the metabolic rate, W  
the output of physical work, C the lost or gained heat flow due 

to convection, R the heat body radiation, and E the evaporative 
heat flow of body, Cres the convective heat loss through 
respiration and Eres the evaporative heat loss from respiration, 
all expressed in terms of wm

-1
.  

Various thermal indices are also derived from this model. 
Common climatic parameters such as Ta (air temperature), RH 
(relative humidity), Ws (wind speed) and Rs (solar radiation) 
are required to quantify the climatic conditions with mean 
radiant temperature (MRT) [6] being the most important. All 
short and long wave radiation fluxes which the body is 
exposed to are integrated in the MRT index and associated 
with thermal comfort [7]. MRT,  defined as the “uniform 
temperature of an imaginary enclosure in which the radiant 
heat transfer from the human body and the radiant heat 
transfer in the actual non-uniform enclosure are equal” [8] is 
expressed as Tmrt.  

Further thermal complex indices are applied to evaluate 
thermal comfort. PMV (predicted mean vote) [9], SET 
(standard effective temperature) [10], OUT_SET [11] and PET 
(physiological equivalent temperature) [5] are some of more 
practical indices. PET index, basically developed for outdoor 
space, is applicable for various climates, easy to process and 
has been used by many researchers in recent years. Moreover, 
VDI guidelines 3787 (The Association of German Engineers) 
has included PET as a biometeorological index [12].  

PET is described by Höppe as the air temperature, which 
in a usual indoor setting (Ta = Tmrt, water vapour pressure = 12 
hPa and air velocity = 0.1 m/s), “the heat budget of the human 
body is balanced with the skin temperature as under the 
complex outdoor conditions to be assessed” [5]. Users of PET 
can compare the effects of outdoor thermal conditions with 
what they experience indoors [12] and can be used in all 
weather conditions throughout the year. Hence for the obvious 
advantages, PET is applied as the basic thermal index in this 
study.  

There are various methods of estimating PET. The most 
accurate and also complex is to measure integral radiation and 
calculate angular factors [11]. An easier technique of 
measurement, is to use a globe thermometer [13-14].  In recent 
years, several models have been created to calculate Tmrt. 
ENVI-met software is based on three dimensional fluid 
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