Developments and applications
of thermal indices In urban structures
by RayMan and SkyHelios model
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Effect of the thermal atmosphere on humans
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i 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)



Concept: equivalent temperatures

Modern Thermal Indices
(derived thermal indices: PMV, PET, SET*, PT, UTCI)

Physiologically Equivalent Temperature (PET):

Definition: Mok = 80 W
l,=0.9clo
Tmrt
§ Tmrt = Ta
Ta N V =0.1m/s
{1 VP VP =12 hPa
PET of 20 °C means thiermal comf
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Thermal perception and stress
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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)

Adjustment of the assessment scale:

Taiwan, (Nigeria), Israel, Greece,
Hungary, Tansania, ... -




Sensibility study: thermal indices
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Modification of input air temperature (°C)
Froéhlich and Matzarakis, 2015



Dilemma/lnput — Difficulties in estimation

Input parameters
Thermo-physiology Meteorology
clo Met/act T, (°C) [|RH (%) ||v (m/s) || T, (°C)

Index * *% kK

PMV var M var (W/m?2) 1.1m 1.1m 1.1m 1.1m
PET 0.9 act 80 (W) 1.1m 1.1m 1.1m 1.1m
SET* 0.6 M 1.2 (W/m?) 1.1m 1.1m 1.1m 1.1m
PT adapt M (W) 1.1m 1.1m 1.1m 1.1m
UTCI Model T, || 2.3 M (W/m?) 1.1m 1.1m 10 m 1.1m
mPET Var/auto || var Act 1.1m 1.1m 1.1m 1.1m

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

53 v | Justification (wind profile, wind direction, roughness, micro climate)

Measurement based (T, 6-Direction),

wxk | T Semi-modelling (G, clouds, SVF, T, Albedo, ...)

mrt

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




Differences between PET and mPET.

Body model
Clothing model

Vapor resistance of
clothing

Sweating evaporation
through clothing

Vapor diffusion trough
nude skin

Vapor diffusion through
clothing

Auto changing clo

mPET

15 nodes — 25 nodes + 1
blood pool

1 layer — 3 layers

Yes

Depend on vapor
resistance of clothing,
VPa, VPsk and VPcl

Calculated with sweating
evaporation

Limited by vapor
resistance of clothing

clo=0.3-25

PET

2 nodes
1 node

Not real, only applied
for potential sweating
over clothing

Indentified by water
vapor permeability
factor, potential
sweating

Depend on T, Vpa and
skin wettedness

No vapor diffusion

No variance



Comparison of PET, mPET and UTCI

PET MmPET UTCI
T, major and essential influence but major and essential
essential influence slightly essential influence

influence by low T,due
to auto clo working

RH tiny influence of moderate influence of  violent influence of
RH on PET RH on mPET, while T,  RH on UTCI, while
Is over 15 °C T,1s over 5°C
Tt strong influence of moderate influence of  slight influence of

T ON PET T..on mPET T...on UTCI, while
T, is high or low

Velocity slight influence of moderate influence of  violent influence of
velocity on PET velocity on mPET velocity on UTCI,
while T, is low

clo no effect increasing influence of no effect
clo on mPET, while T,
IS low

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



MmPET, PET

PET
MPET
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mPET-Model

_n

Air temperature Ta [*C)

tean radiant temp. Tt [*C)

YYapour pressure vpa [hPa) |13
Relative humidity BH [%] |50
Wind velocity v [mes] (0.1

Age [a) |357
Body height [m)] {1.75
Weight [kg) |75
Sex Iﬁ
Body position | standing Sl

Activity [w/] |80
Clathing [cla) (0.9

Automatic Clo for mPET  |ENEble ISl

Info

mPET

Modified Physiologically Equivalent Temperature

based on Human Energy Balance Model

Model/Software developement: Yung-Chang Chen, Andreas Matzarakis

Contact: Prof. Dr. Andreas Matzarakis
Albert-Ludwigs-University of Freiburg
Fahnenbergplatz

D-79085 Freiburg

Germany

Tel.: +49-761-203-6921

Fax: +49-761-203-6922

Email: matzarak@uni-freiburg.de

mPET

Version 1.0
W Copyright © 2015

UNI
FREIBURG

B

Cal_lndices ‘

[w PET [ PT [ uTc [ PMY [ mPET
Cal_lndices_Model Save output ‘ Exit

EB fluxes
Effect of single parameters

Implementation in RayMan/SkyHelios and stand alone



Pattern of PET, mPET

Annual daily mean of thermal indices
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Modified physiologically equivalent temperature

for application in urban climate studies
Yung-Chang Chen and Andreas Matzarakis

Introduction

An universal themmal index is necessary for objective comparisons in
diffierent climatic zones for the research of human-biocmeteomlogy (e.g. for
envirormental evaluations, dirate sssessment for tourists, as well as
assessments of dimate change). Universal Thermal Cornfort Index (UTC)
has been developed to fulfil these requirements. Howewver, UTCI was an
operative statistical function based on investigations in Europe and Russia.
Hence, UTCI shows limitations in its applicabdity in the other dimatic zones,
such as tropic and dry climates. Physiclogically Equivalent Temperature
(PET) & another thermal index which is at the begirming developed to
evaluate the outdoor thermal conditions in termperate dimates. [t has been
proved o effectively evaluate the impact of the air temperature, mean
radiant temperature and wind speed on thermal comfort, but variations in air
humidity and clothing insulation show weak influence on PET. Thus, this
study aims to develop a thermal index for universal applications in all
diimate zones based on a modified PET (mPET).

mPET and mPET-model

mPET has two major adjustments on PET: (1) physiclogical|

thermoreguiation is improved to a simple mult-segment body model
including a biood pool slement and a bio-heat transfer principle; and (2) a
rrultHayer clothing model with clothing insulation and vapour resistance is
implemented. Due to those two adpestments, PET has been improved to
efectively evaluate of the impact of vapour pressure and dcothing msulation
on thesmnal conditions and mPET can be applied in all dimatic zones. Fig. 1
shows the calculating concept of MPET-model to predict mPET.

Results
Table 2 Thermal ciassification of PET for Westem- and Cantral
Eumpean and fhemal dessfication o UTC) (Soums
Matzarsis and Mayer | 1996]; Brooa et al. (2012}
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Fig. 1: The calcuiating principle and flow chart of MPET-mogs,

Differences between PET and mPET
The differences, such as thermoregulation, dothing model and evaporative
hear transfer, bebween PET and mPET are listed in table 1.
Table 1: Listof diferences between PET and mPET.

Freifiueg 1599 - 3010

wexr
L] 1]

The three themal indices displayed
sgnificanty different evaluations on
thermal conditions in Freibung during
winter. Applying PET leads to mone
than 80 % probability of occurrence of
extrerme cold conditions. Concumently,
mPET evaluated only 80 % incidence
of extreme cold events. Furthermere,
exireme cokd events occurred even
during May. June, and September
according fo the assessment of PET
but did not happen at the same time

ing on the evaluations of
mPET. UTCI shows quiet less cold
and no wvery cold evaluations than

For the estimation of exrerne hot
events in Freiburg during summer,
there were also differences between
PET, mPET and UTCL Almost no
exireme hot events were given by the
estimations of mPET and only
moderate hot stress occurred. On the
contrary, FET has given a regulary

Fig. 3: Histograms of PET, mPET and LT fo
analyze the human thermal condifion In
data af Frelburg during 1000 to 2070,

occutence of extreme hot siress.
UTCI carried only few hot stress in
August and evaluated almost no heat
siress.

Conclusions and discussions

1. In temperate regions, mPET rates the cdimate as less exiremely hot and
extremely cold thermal conditions than PET.

2. mPET doesn't underestimate during summer or overestimate during winter
the thermal conditions alike UTCI.

3. The aspplicable themmal dassfication of mPET is necessary o be
furthermnore investigated.

4 In summary, mPET &= a more realistic. reasonable and universally
applicable thermal index than the other two.

mPET PET
By mEos 15 NodeE — 25 N0deE. 2 NDGES
+1 blood pool
Ciathing madel 1iaer-3lams  1node
\apor estEnce of s Mot real, only appiled for polential
ciothing swaatng over cioting
‘Sweating svaporton on Indentified by water vapor
Timugh clothing resstance of gofing, pameabiity facte, potertal
VPR, VPsk and VPD  swe
Vapor diffusion frough. Cakculabed with Diepend on T, Vpa and skin
U Sk SWETING BVEparEton
Vapor dfusion thiough. Umied oy vapar  Nowapor difsion
dothing resistEnce of clfing
Auto changing do co=03-25 Mo vartance
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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, ...)

B Sunshine duration
B Sun paths

B Shadow

B Global radiation

B Mean radiant temperature

B Predicted Mean Vote (PMV)
B Phys. Equiv. Temp. (PET)
B Stand. Effec. Temp. (SET¥)

B Universal Thermal Climate
Index (UTCI)

B Perceived Temperature (pT)
B new: mPET

R.ayMan Pro

B Simple environments
B Complex environments
Bl Topography

B Fish-Eye

2 Hemisph. input/SVF

3 Meteo data

B Climate data




Long-term analysis - Courtyard typologies

Courtyards proportions
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The influence of urban geometry on thermal comfort of public g
open spaces for Italian climate zones =

Letizia Martinelli'? and Andreas Matzarakis?

"S3pienza - Uivershy of Rome, I3y, *Albart-Lucigs-Universty-Fraiourg, Garmany
Contact ki matin o

Introduction

The relationship between urban morphelogy and microclimate is a rele-
vant topic for both whban planning and urban dimatology. as it signifi-
cantly infiuences the thermal comfort of individuals. Urban morphology
and height-width proportions (HW) have a discordant seasonal efiecton
themmal with a demand for compactness in summer, fo securs
protection from the sun, and openness in winter, to provide solar access.
Due to minor mixing of air with the exterior, open spaces of histerical city
cenfres, surrounded by buildings and located in medium-high compact
wrban fabric. are strongly affected by height-width proportions.

We present a long-term numerical study on the effect of urban momphelo-
gy on the thermal comfort of public open spaces in ltalian ciimate zones.
As [taly, with its long extension on the Morth-South and its complex oro-
graphy, comprise several climates of the temperate zone, the results can
have a wider significance in other countries with similar dimates.
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Fig. & {sbova): Medlan of PET for e5ch a3y of fhe year for the five open 5pacas for the
cifErent ibalian cimete Zone, Calsatsd dUng dayame for dierent W

The second result is the frequency of cecumence of PET values during
daytime for the 3-hour resolution timesteps over the 20 years interval
considered, calculated for summer (June, July, August) and winter [De-
cember, January, February) perinds (Fig. 4).

| |
o 2 a4 s M i
Methodology

According fo a detalled version of Képpen-Geiger classification (Blasi &
Michetti, 2005), 6 ltalian cities were selected for each lialian climate
zone: Aosta. Milano, Campobasso, Firenze, Lecce, Catania.

The study takes into account five open spaces with a square shape of
2020 m and different height of 8 m, 12 m, 16 m. 20 m, and 24 m. A ne

building scenario depicts the reference conditicns for each dimate zone.

We described the urban geometry and solar aceess using the sunshine
duration, which is the annual or menthly duratien of direct solar radiation
in hours for a given location, and the sky view factor (SVF), which can
be defined as the partion of sky visible from a specific paint (Oke, 1978),
estimated with the SkyHelios model (Matzarakis and Matuschek, 2011).
The assessment of thermal comfart is based on the Physiologically Equi-
valent Temperature (PET) index (Mayer and Happe, 1287, Hoppe, 1283,
1200). calculated with the RayMan model (Matzarakis 2007, 2010). The
mput are 30 years data on air temperature. vapour pressure, air velocity
and cloud cover, with 3-howrs resclution, obtained from the meteorologi-
cal station of each city.

Results

The results give an overview of the annual frend of PET.
The first result is represented by the median PET for every day of the year
for the different open spaces for each diimate, calculated during daytime

| e T |
Fifg 4 [sbove): Frequency anaiys!s of dsky PET VRS for SLmmer (June, July,
AUGU) &N winter (DECEMOEY, JSLUSTY, FECIUary) or diermnt VY

Discussion and Conclusions

The results indicate that aspect ratio appears to have a stabiizing effect
over thermal comfort. more conspicuous in summer than in winter. This
effect depends on the diminution of sunshine duration provided by low
BVF, which mederates the variable influence of direct sunshine.

The results also point cut how the influence of courtyards proportions is
linked to specific ciimatic conditions and is affected by small-medium va-
riations in the metecnological factors, such as the ones depicted by ltalian
dimatic subdivisicn.
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Poster 2: UCD - Impact of urban forms on comfort and ventilation
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SkyHelios — Roughness
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SkyHelios — Roughness, wind direction = 20°
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SkyHelios — Roughness, wind direction = 270°
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Diagnostic models: + Thermal indices

"€} sky Helios

File Model View
Data Layers a

30 view

- X

B vecor | Bl
Vector

sten'test_PdAS_altD obs

Middle Poirt
Coordinates:

D

Generate Model
Top View PixelSize: 1 -

Show ] '

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

Sky View Factor

Camera Height:

Features

Sunpath Shadows

Date /Location

Date and Time
Date 09.082013 ~

Local Tme 07:59 (%

Time increment

Step 302 minutes
Single: E]E] Continuous: =
Location

Location  7°51°0.00"E 48°0°0
Time zone (UTC +h) |1
Atitude 278 =

Current Data

Air temperature ("C) 20.0
Vapor Pressure VP hPa) 1.7
Rel. humidity RH () 50.0
Wind velocity {m./s) 1.0
Cloud cover N foctas) 0.0

1m Production Mode

RN ECN R EQREDR

= Fak Mar & ™ Jun
1 Personal f Clothing
Personal Data
Height {m}
Weight (kg) [750 =

175 |

Age (a) E
Sex m -
Clothing

Clathing (do) (090 |2
Activity (W) (300 |2

1 Results

SVF planar: 0.874
SVF spheric: 0.742
G: 3635

Tmit: 37.8

PET: 23.8

UTCI: 249

Sun visible: True

Calculate
Arez Output




B RayMan

© SkyHelios

© SkyHelios

© SkyHelios

© SkyHelios
TIC-ENVI-met

> Free tools

Obs can be imported in SkyHelios

SVF — Save and import in RayMan
Conversion of shp files in obs files
Import (New) Collada - Google Earth
ENVI-met surface files

Running PET/UTCI based on ENVI-met

RayMan Pro ”

http://www.urbanclimate.net/rayman RayMan Pro

http://www.urbanclimate.net/skyhelios

SkyHelios




Statements

* Models deliver good and important results
* Recommendations to users of models
* Validation

* Consider possibilities and limitation — aim of
development

* PLEASE: read/consider manual
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Long-term analysis - Results

Daily median of PET and median of PET at 15:00 LST over the year for four exemplar cities

Daily median

Median at 15:00 UTC

Aosta Aosta

1.2 | 1.2 \

1.0 1.0

0.8 0.8

0.6 06

0.4 0.4 |

0.0 0.0
Milan Milan

1.2 ‘ | ‘ 1.2 ‘ ‘

1.0 1.0

0.8 0.8

0.6 0.6 W

04 04

0.0 | 0.0 [ 11Nl I
Florence Florence

1.2 | | ‘ 1.2 |

1.0 1.0

0.8 0.8

0.6 | 0.6 M

0.4 ‘ 0.4 h

0.0 | 1N 0.0 [l I
Catania Catania

1.2 1.2 \‘

1.0 1.0

0.8 0.8

0.6 0.6 LL

0.4 |h 0.4

0.0 (1] 0.0 I | [ ]
jén féb m'ar abr m'ay ju'n jLIJ| atljg sép olct nc')v d'ic jén féb m'ar abr m'ay jdn jll.ll aL'Jg sép o'ct nc'>v d'ic

months months
EZEREYTAETCS 13°C = 18°C > 23°C > 20°C EISSICISMING]

Martinelli, Matzarakis, 2015



