
Andreas Matzarakis, Yung-Chang Chen, Dominik 
Fröhlich, Marcel Gangwisch, Christine Ketterer 

Developments and applications  

of thermal indices in urban structures  

by RayMan and SkyHelios model 

 



Assessment of effects of climate 

Not only air temperature 

Air humidity 

Wind 

Radiation 

Thermo-physiology (activity and clothing)  

Energy balance of humans 

 

Physiologically Equivalent Temperature 

Thermal index 

(Matzarakis, 2007) 

Effect of the thermal atmosphere on humans 



Physiologically Equivalent Temperature (PET): 

Modern Thermal Indices 
(derived thermal indices: PMV, PET, SET*, PT, UTCI) 
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Definition: Mwork = 80 W 

Icl = 0.9 clo 

PET of 20 °C means thermal comfort 

Concept: equivalent temperatures 



Thermal indices (PMV, PET),  

Thermal perception,  

Physiological stresss 

Threshold values of thermal indices PMV 

and PET for different grades of thermal 

sensitivity of human beings and physiological 

stress on human beings  

 

(according to Matzarakis and Mayer, 1996) 

Thermal perception and stress 

Adjustment of the assessment scale: 

Taiwan, (Nigeria), Israel, Greece, 

Hungary, Tansania, … 



Sensibility study: thermal indices 

Fröhlich and Matzarakis, 2015 



Dilemma/Input – Difficulties in estimation 

Index 

PMV 

PET 

SET* 

PT 

UTCI 

mPET 

clo 

var 

0.9 

0.6 

adapt 

Model Ta 

Var/auto 

Met/act 

M var (W/m²) 

act 80 (W) 

M 1.2 (W/m²) 

M (W) 

2.3 M (W/m²) 

var Act 

Thermo-physiology 

Input parameters 

Meteorology 

Ta (°C) 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

RH (%) 

* 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

v  (m/s) 

** 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

10 m 

1.1 m 

Tmrt (°C) 

*** 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

1.1 m 

* RH Vapour pressure (hPa), appropriate parameter for thermal indices 

** v Justification (wind profile, wind direction, roughness, micro climate) 

 

*** 

 

Tmrt 

Measurement based (Tg, 6-Direction),   

Semi-modelling (G, clouds, SVF, Ts, Albedo, …) 

Modelling (SVFs, Ts, Shade, SW, LW, Albedo, Emm., fabrics), res. Morphol.  



mPET  PET  

Body model 15 nodes – 25 nodes + 1 

blood pool 

2 nodes 

Clothing model  1 layer – 3 layers 

 

1 node 

Vapor resistance of 

clothing  

Yes Not real, only applied 

for potential sweating 

over clothing 

Sweating evaporation 

through clothing  

Depend on vapor 

resistance of clothing, 

VPa, VPsk and VPcl 

Indentified by water 

vapor permeability 

factor, potential 

sweating 

Vapor diffusion trough 

nude skin  

Calculated with sweating 

evaporation 

 

Depend on Tsk, Vpa and 

skin wettedness 

Vapor diffusion through 

clothing 

Limited by vapor 

resistance of clothing 

 

No vapor diffusion 

Auto changing clo  clo = 0.3 - 2.5 No variance 

Differences between PET and mPET.  



PET mPET UTCI 

Ta major and 

essential influence 

essential influence but 

slightly essential 

influence by low Ta due 

to auto clo working 

major and essential 

influence 

RH tiny influence of 

RH on PET  

moderate influence of 

RH on mPET, while Ta 

is over 15 °C     

violent influence of 

RH on UTCI, while 

Ta is over 5 °C 

Tmrt strong influence of  

Tmrt on PET 

moderate influence of  

Tmrt on mPET 

slight influence of  

Tmrt on UTCI, while 

Ta  is high or low 

Velocity slight influence of 

velocity on PET  

moderate influence of 

velocity on mPET  

 

violent influence of 

velocity on UTCI, 

while Ta  is low 

clo no effect increasing influence of 

clo on mPET, while Ta  

is low  

no effect 

 

activity Default (80 W) Default or variable 2.3 Met (133 watt) 

Comparison of PET, mPET and UTCI 



mPET, PET 

PET 

mPET 

EB fluxes 

Effect of single parameters 

 

Implementation in RayMan/SkyHelios and stand alone 



Pattern of PET, mPET 

Chen and Matzarakis, 2015 



Modified  

physiologically equivalent 

temperature  

for application in urban climate 

studies 

 
Yung-Chang Chen and Andreas Matzarakis 

 

 

Poster 20: BPH/ID – Human 

perception of comfort, and 

multicriteria evaluation 



RayMan Pro - A Tool for Applied Climatology 
(urban climatology, human-biometeorology, tourism climatology, …) 

 Sunshine duration 

 Sun paths 

 Shadow 

 Global radiation 

 Mean radiant temperature 

 Predicted Mean Vote (PMV) 

 Phys. Equiv. Temp. (PET) 

 Stand. Effec. Temp. (SET*) 

 Universal Thermal Climate 

 Index (UTCI) 

 Perceived Temperature (pT) 

 new: mPET 

 

 Simple environments 

 Complex environments 

 Topography 

 Fish-Eye  

 Hemisph. input/SVF 

 Meteo data 

 Climate data 

.... 

 



Long-term analysis - Courtyard typologies 
Courtyards proportions 

Courtyards Sky View Factor 

Courtyards sunshine duration in summer (colors) and winter (lines) 

Martinelli, Matzarakis, 2015 



Poster 2: UCD – Impact of urban forms on comfort and ventilation 



 

Vector and grid data 

Google Earth 

implementation 

 

Interfaces and outputs for 

RayMan 

 

  Interface/Output for Climate 

Mapping Tool 

 

 

Sun paths 

Sun duration/diagram 

Shade 

Sky view factor(s)  

Roughness  

Global radiation  

Mean radiant temperature 

Wind speed and direction 

PET, (mPET) and UTCI 



SkyHelios – Roughness 

Morphometric 

Volume/frontal 

Effective heights 



SkyHelios – Roughness, wind direction = 20° 



SkyHelios – Roughness, wind direction = 270° 



 Diagnostic models: + Thermal indices 

• Running time 
• Add. input parameters (WD) 
• Not only hot spots 
• … 



RayMan    Obs can be imported in SkyHelios  

SkyHelios   SVF – Save and import in RayMan 

SkyHelios  Conversion of shp files in obs files 

SkyHelios  Import (New) Collada - Google Earth 

SkyHelios  ENVI-met surface files 

• TIC-ENVI-met Running PET/UTCI based on ENVI-met 

 

Interfaces 

RayMan Pro 

http://www.urbanclimate.net/rayman 

SkyHelios 

http://www.urbanclimate.net/skyhelios 

 Free tools  



Models deliver good and important results 

Recommendations to users of models 

Validation 

Consider possibilities and limitation – aim of 

development 

 

PLEASE: read/consider manual 

 

Statements 



 

 

Ευχαριστώ 

 πολύ 

 
 

Thank you 

for your 

attention 



Long-term analysis - Results 
Daily median of PET and median of PET at 15:00 LST over the year for four exemplar cities  

Martinelli, Matzarakis, 2015 


