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Definition of thermal comfort, 
indices

• Thermal comfort (Isaev, 2003) is an indicator of comfort 
at which an optimal level of physiological functions of the 
body is ensured, while a person does not feel either heat 
or cold.

Thermal comfort indices

PET (Physiologically

Equivalent Temperature)
(Höppe, 1984)

mPET (modified PET)
(Chen and Matzarakis, 2018)

UTCI (Universal Thermal

Climate Index)
(Jendritzky et al., 2012)



Input data:

� date, time and coordinates

� meteorological parameters

� human physiological 
parameters (height, weight, 
age, degree of his physical 
activity)

RayMan Pro 3.1 diagnostic model

• Matzarakis, A., Rutz, F. (2005) Application of RayMan for tourism and climate investigations. Annalen der 
Meteorologie 41:

• Matzarakis, A.; Rutz, F.; Mayer, H. (2000) Estimation and calculation of the mean radiant  temperature within 
urban structures. In: Biometeorology and Urban Climatology at the Turn of the Millenium (ed. by R.J. de Dear, 
J.D. Kalma, T.R. Oke and A. Auliciems): Selected Papers from the Conference ICB-ICUC’99, Sydney. WCASP-50, 
WMO/TD No. 1026, 273-278. 

PET index derived 

from Rayman model

(Matzarakis, Rutz, 

Mayer) 



Purpose

Development of a technology for predicting the 
values of comfort indexes on a microscale online

Objectives

• To perform sensitivity tests on the RayMan model

• To develop a scripted methodology for online 
calculation of thermal comfort conditions on the 
campus of Moscow State University

• To get climate data on comfort indexes for the 
selected area



Sensitivity test

Parameter PET UTCI mPET

Velocity 2,50 1,65 1,93

Temperature 1,00 0,94 0,86

Relative Humidity 0,10 0,04 0,04

Cloud cover 0,09 0,05 0,07

Activity 0,00 0,00 0,44

Change of comfort indices (by module) when the 

parameter is changed by one (for humidity - by 10%, for 

activity - by 10 W



End

Start

Downloading forecast model data (cmd.exe)

Conversion of downloaded data into text 

format (cmd.exe)

Data Formatting (Fortran 90)

Calculation of indexes for points 

(AutoClickExtreme, RayMan)

Visualization (JavaScript)

Extracting an index value from a file 

(Fortran 90)

Technology 
flowchart



Result: visualization of predicted 
values



Study area. MSU campus



Climatic differences in the 
frequency of occurrence of stress 
levels (PET, July 1980-1999)
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