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Beori!

we make our own

weather...

By Modern Scientific
AIR CONDITIONING
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NEW YORKER

AND TECH The Warning Light on Richard Branson's Space Flight A Life-Saving Checklist Why Walking H

ANNALS OF TECHNOLOGY

IS YOUR THERMOJSTAT SEXIST?

&he New Hork Eimes

Can an Office Temperature Be
‘Sexist’? Women, and Science, Say So

npr S SIGNIN  @INPR SHOP
NEW YORK POST

YOUR HEALTH

Women, There's A Reason Why You're
Shivering In The Office OO0OODO
August 4, 2015 - 12:13 PM ET

Cold office temperatures are hurting

women'’s productivity, study says
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It doesn’t need to be this cold in the office %5
3:22 PM - Jul 30, 2019 from Lancaster, PA ©)
(%]
Q O & cCopylink to Tweet E
Tweet your reply E
G
(@)
) g
» e - - - ’ E
=
My office is so cold that walking outside in 93 degree
heat feels like heaven on my 15 minute break
8:37 PM - Aug 8, 2018 from Florida, USA ©)
Q2 O & Copylink to Tweet -
0 . 3
Tweet your reply 78 Women __._(.“"r' : —:-:"% g
L ] ® . . - = . E
50% -
@ ” (@]
- ’ i -
- S e - 30% Men ] = S— ® — "‘_'5/ -rCU
| hate being in a freezing cold building. Like why is that | l | | | | &l
a norm? -10°C 10°C 30°C
9:47 PM - Sep 9, 2019 from Austin, TX ® 14°F 50°F 86°F
& © & eowininTee Average Daily Outdoor Temperature
Tweet your reply Parkinson et al., 2021. Overcooling of Offices Reveals Gender Inequality in Thermal Comfort.

Scientific Reports.



Where did our “‘scientific” basis
for thermal comfort come from?

and

How can we improve It?
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Science of thermal comfort

Colonial roots

Town Hall, Kolkata, India St. Paul’s Cathedral, Kolkata, India



“It should be kept in mind that southern
people, with their more sluggish heat
production and lack of adaptability, will
demand a comfort zone several degrees
higher than those given here for the more
active people of northern climates”™

Heating, Ventilating, Air Conditioning Guide, 1936
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THERE are three groups interested in the thermal
exchanges of the human body, namely, the heating
engineers, the physicians and the physiologists. In
the English-speaking countries each of these groups
by training uses a different set of physical units. The
heating engineer uses B.T.U., square feet and °F.,
the physician calories, square meters and °F., and the
physiologist calories, square meters and °C. Conse-
quently they find it difficult to make th lves

A PRACTICAL SYSTEM OF UNITS FOR THE DESCRIPTION
OF THE HEAT EXCHANGE OF MAN WITH
HIS ENVIRONMENT

By Drs. A. P. GAGGE, Yale University; A. C. BURTON, Unlvcrity of Toronto, and
H. C. BAZETT, University of Pennsylvania

tually understandable when di their com-
monmmutofbutexchmge. Ituonrpmpoullo
present a system of units such that all three groups
may think in terms of a common and at the same time
a practical system.

Tharmdcom!ortmmy....' t is dependent
on many variables. Tbeuumdeneouutmuuﬁnnl
analysis comfort is dependent largely upon skin tem-
perature. The optimal age skin t ture for

¥

Gagge, Burton, and Bazett, 1941, A Practical System of Units for the Description
of the Heat Exchange of Man with His Environment, Science 94(2445)

metabolic rate > MET
clothing insulation - CLO




PMV and PPD

ASHRAE 55

Predicted Mean \Vote is the average
of the subjective ratings of people
In an environment

PMVY scale

Hit
W S FET "

lightly W
Meutral
=lightly cool
Cool

Cald

Bt

Predicted Percentage Dissatisfied tells
how many people are unhappy with

that

PPD
%
80
60

environment
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Comfort vote

Scatter of comfort vote and indoor temperature with linear
regression line and error lines: UK free-running offices

7 e -] @ @B 200 000
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2- ® S0 © D 000 ¢ 00 B
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1 e o »
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20.0 220 240 26.0 28.0 30.0

Indoor operative temperature (C)

Nicol, Humphreys, and Roaf, 2012. Adaptive thermal comfort: principles and practice. London: Routledge.
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nasa. jsp?R=197 2019-01-04T21:24:08+00:002

NII-3s40]

The next phase contains the output statements which are not a material part of

7]
NASA CONTRACTOR £ NASA CR-1855 the program and which would normally depend on the purpose for which the stmula-
REPORT tion is intended.
s
C BEGINNING OF OUTPUT SECTION
c

CALL DATSW (0, K}
GO TO (951, 950), K
951 CONTINUE

‘ IF (ITIME ~INT) 909, 909, 911

NASA CR-1855

909 PAUSE

= 910 WRITE (I, 912)

s [ F l L E 912 FORMAT ('TIME 8 M EV TB TS TH TO TR TM 1 SBF CO COND PWET')

COPY W -

911 IF (NN-42) 913, 913, 914

912 WRITE({, 915) ITIME, HFLOW, HP, EV, TB, TS, T(1), T{25), T(s), T(18), SEF,
€O, 1 COND, PWET

915 FORMAT (13, 3F7.1, 8F6.2, 2F6.1)

A MATHEMATICAL MODEL OF PHYSIOLOGICAL NN = NN +1
TEMPERATURE REGULATION IN MAN GO TO 1100

914 WRITE (1, 916)

916 FORMAT (22())

by J. A. J. Srolwijk

GO TO 910
Prepared by 950 CONTINUE
YALE UNIVERSITY SCHOOL OF MEDICINE 1100 JTIME = JTIME + INT
New Haven, Conn. 06510 '
oo CALL DATSW (1, K)

GO TO (917, 1102), K

APRONAUTICS AND SPACE ADMINISTRATION * WASHINGTON, D. C. = AUGUST 1971
& Stolwijk, 1971. A Mathematical Model of

Physiological Temperature Regulation in Man,
— NASA Contractor Report

48




JOS-2

segmont

L=\

First Layer (Head)
Second Layer (Head)

R-Arm
R-Shoulder Neck
Central Blood
‘ Chest Compartment
I \

Head

Back
FPelvis

X Left-hand side segments are omitted

(] CoreLayer

() skinLayer

D First Layer

. Second Layer

Bl Arteryblood pool
Il Veinblood pool
@=> Blood pool in vessels
®-% Blood flow (AVA)
|:> Blood flow inlayers

Clothes

Superficial blood

Limb only)

N\
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Stolwijk

Head and Pelvis
Ambient........

¥Left-hand side
segments are omitted

Skin

Blood flow from artery
to vein via each layer

R-Shoulder Neck, Chest and Back
R-Arm
R-Hand
N Core Limbs (L&R- Shoulders, Arms, Hands, Thighs, Legs and Feet)
I Muscle (first layer) Ambient
Fat (second layer)
Skin o
Ar1lery —————— Superficial vein
m—\/ein

mmms Superficial vein

—— Blood flow
....... = AVA blood flow

=LI=I!|= = Vein

Only hands and feet
have AVA blood flow

Artery

Environment
F Y A

Respiration(Chest) |Convection / Radiatio Head
wrerserassnarsensn e fessssensrnennsae s e .
E [ ] §C| Neck
. :Bloodstream
Skin j=4 < Back
fconduction
: :Bloodstream
: Fat =3 ‘E Pelvis
ct.‘.onduction )
iBloodstream R-Thigh
Muscle j=2 :
E :Gonduction E Central Bloq  Rr-Leg
iBloodstream \ (65th nod

—> Core j=1 :
: : R-Foot
A Segment(i) S S

Tanabe

JOS-3




Source

Height  Weight

(em) (kg 0o

Stolwijk (1971)

172 74.1 15

“Six healthy, physically active
men served as subjects.”

250

Height (cm)
R RN
g o o1 O
o O o o o
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Men

Women

0%

200

Weight (kg)
o o
o o

a1
o

60%
50%
40%

S30%
20%
10%

0%

20%

40% 60% 80% 100%

20%

40% 60% 80% 100%

Women

2005-2006 and 2015-2016

20%

National Health and Nutrition
0 0 0 0
40% 60% 80% 100% Examination Survey, Centers

Percentile for Disease Control
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Prediction accuracy: 34%

Based on 56,771 surveys

Overall prediction accuracy 34% n = 56771

Hot o n=183 1258 10212 30029 11845 2316 928 | |deal p 7%  11% 22% 43% 25% 20% 32%
R?2=0.08 Hot { OMV = 0.41 x PMV,_ +0.16 case MAE| 217 156 115 093 106 119 1.07
MAE = 1.02_ MAE = 1.06 ! 1.007 F
Warm -
Warm 4
oMV S
Slwarm { - Sl.warm ()] = 0.757
-
w w Qo
— Neutral | — Neut. | | ﬁ =
s L 0.50-
e ©
Sl.cool Sleodl 1 | 5
% w
Cool . = 0.25-
COOh { wom vom ‘ : (@)
, T TR T e Cold -
Coldy | o conss P 0.00 - IE S
Cold Cool Sl.cool Neutral Sl.warm Warm Hot Cold Cool Sl.cool Neutral S.warm Warm Hot Cold Cool Sl.cool Neutral Sl.warm Warm Hot
PMV PMV,,, PMV,,,

Cheung et al., 2019. Analysis of the Accuracy on PMV — PPD Model Using the ASHRAE Global Thermal Comfort Database Il. Building and Environment 153(15)
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Building type

PPD is for offices with air conditioning

AC count e Office count e
526 1534 3462 7355 3609 1956 838 980 2970 8285 19925 9290 4813 1935

NV count X Classroom count X
528 1308 3718 9833 5060 2664 924 231 807 1853 3605 1673 624 283

ount A Housing count

1004 " - . ]
0.75 -
0.50 -

0.25

Observed percentage
of unacceptability

Cold Cool Slcool Neutral Sl.warm Warm  Hot Cold Cool Slcool Neutral Sl.warm Warm  Hot

Binned observed thermal sensation (OTS,_ )

Cheung et al., 2019. Analysis of the Accuracy on PMV — PPD Model Using the ASHRAE Global Thermal Comfort Database Il. Building and Environment 153(15)



Climate

PPD is for temperate climates

1.00

0.75+

0.50 4

Observed percentage
of unacceptability

Tropical count e

179 1258 2538 3755 1717 773
Arid count X
36 413 1238 23285 71113 591

449

265

Temperate count A
1054 2280 6618 18355 8712 4560

Continental count m
1S 5 96 221 75 28

1691

30

Cheung et al., 2019. Analysis of the Accuracy on PMV — PPD Model Using the ASHRAE Global Thermal Comfort Database Il. Building and Environment 153(15)

L Ll L) i L)

Cold Cool Slcool Neutral SI.warm Warm

Hot

Ll Ll L) L] L]

Cold Cool Slcool Neutral SI.warm Warm

Binned observed thermal sensation (OTSbin)

Hot
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Gender In Thermal Comfort

120 —
110
100 .
3 — CAas Sa 8
he'o 9 9 siatta 1. 4%
.- £ 80 - Tt R L
4 ‘ > b2 B0 o Rok S
g QL 70 TN B ﬁg%%- L
> { { . ?"-‘.‘,A,‘ B
p— - : 5_‘, 2 2% " ;
60 o OUERE BER e T & ( ]
. ORI At Female
%0 § 5 . Male
40 : : ] _ ,‘ |
150 160 170 180 190 200
Height (cm)
Cultural Physical
« Clothing insulation * Body mass
« Skin coverage » Body fat

» Core temperature (menstrual cycle and menopause)
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Age In Thermal Comfort

t=20°C t=25°C

Very comfortable
Q
o

> Comfortable
©
L
£
o
(&)
©
£

° Uncomfortable
=
|_

Very uncomfortable

PMV = -1.15* PMV =-0.48 PMV = 0.1 PMV = 0.59
A Younger (n=20) ] older (n=22)
*p<0.1

Soebarto et al., 2019. A thermal comfort environmental chamber
study of older and younger people. Building and Environment.

Children Elderly
» Prefer lower temperatures than adults » Changes to metabolic rate, muscle and fat composition
» More sensitive to changes in metabolic rate » Decreased thermoregulatory and cardiovascular response

» Decreased heat tolerance



Ethnicity in Thermal Comfort

TR— — —
TRESOENTIM SEOURITY m%’
siceeno

r
L

CI
50

Socio-economic

« Access to air conditioning
« Occupational exposure

» Healthcare and language barriers

7 y=211:00%x R’=052
y=215+0116x R =03
y=193+0267x R =05
304
=
0] 2
025 &
I =]
g
2 20
i
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3
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© 351
= y=252+000957 x R’ =0.00066
3 y=176+0305x R =06
Z y=191+0341x R?=033
o301
£
i)
= N
m 25 A E~
3

204
15 1
5 10 15 20 25 30 35
Mean Monthly Outdoor Temperature (°C)
Geography

« Asian thermostat setpoints tend higher

» Data scarcity
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Conditioning Strategy

= Air Conditioned
— Mixed Mode
— Naturally Ventilated

Parkinson et al., 2020.
Nudging the adaptive thermal
comfort model. Energy and
Buildings 206
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0 5000 10000 15000 20000 25000

Parkinson et al., 2020. Nudging the adaptive thermal comfort model. Energy and Buildings 206



Urban Heat Island

Boston

Everett Revere Heat: Daytime Land Surface Temp

-
© Town of
Belmont .

Moderate

- Gl .

. : X S 2 ) . High

ot - \r Somerville £ L' < g
d o

T . Very High

Chelsea

Winthr |

Quincy

: . ' |
-« /;’ .
‘.v' ‘..\, A -\ o ¥ "Iff".

>
%

Climate Ready Boston Map Explorer
https://www.boston.gov/departments/environment/preparing-heat
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Social Vulnerability: Low Income

B

. a ' Everett Revere
v a ( R

Town of
Belmont -

>~ : N
. Il.l
. /‘;\;ambridge

Chelsea

*  Social Vulnerability: People Of Color

Town c b

Winthro

Somerville

~Watertown Social Vulnerability: Limited English
W/’
. v Social Vulnerability: Disability
L]
ton ‘
.tg , , Social Vulnerability: Medical lliness
ands
v

Social Vulnerability: Elderly

Social Vulnerability: Children

? % ;Tov.'n of
- Dedham



ARUP

The IHdI{H!ExPRESS Home India World Cities Opinion T20 WC Q

Home / Cities / Pune / India, Brazil saw IJiqgw heat-related deaths in 2018-19
: ‘ Bl SUBSCRIBE

India, Brazil saw biggest

jump in heat-related deaths |*"" """ #cBe
in 2018-19 595 people were killed by heat in B.C. this

In India, the vulnerability to extremes of heat in 2019 was almost 31 | SUITIINIEL, NeW ﬁgu.l'es from coroner show

on the index, which is 15 per cent higher than in the 1990s.

+ X @ In

More than 231 died on June 29 alone, during 'heat dome' that
caused record temperatures, data says

= s whar m Bnna Schmunk - CBC News -

ted: Nov 01, 2021 9:17 AM PT | Last Updated: November 1

NATIONAL

Heat stress likely caused the deaths of a
California family while they were hiking

October 21, 2021 - 753 PMET

ERIC WESTERVELT




Areas that were redlined in the past are hotter today ARUP

D

A: "Best" & B: "Still Desirable"

|

Compared to Boston’s citywide median ...

A areas: B areas: C areas: D areas:

4.2°F cooler in day 1.3 F cooler in day (median temp same as city 3.3°F hotter in day
1.7°F cooler at night 0.5°F cooler at night median in day and night) 1.9°F hotter at night
4% more parkland* 18% less parkland* 12% less parkland* 16% less parkland*
32% more tree cover*  7.5% more tree cover* 2.2% more tree cover* 7% less tree cover*

*percentage points

Boston Heat Resilience Study
https://www.boston.gov/departments/environment/preparing-heat



comfort.arup.com

Arup’s response

Zhang, et al. 2010. Thermal sensation and
comfort models for non-uniform and transient
environments. Building and Environment, 45(2).

+ Pelvis

Head and Pelvi
Ambi

Head ¥Left-hand side
segments are omitted

B |
Neck

Blood flow from artery

R-Thigh

Limbs (L&R- Shoulders, Arms, Hands, Thighs, Legs and Feet)

R-Leg W Musdle (first layer) Ambient . o e
[ Fat (second layer) 3L sl

Skin

— Artery

R-Foot w—\/ein

o Only hands and feet
= Superficial vein have AVA blood flow
T Blood flow

-------- AVAblood flow

Takahashi et al., 2021. Thermoregulation model JOS-3 with new
open source code. Energy and Buildings 231.

ARUP

o 5 o - 5 x
c-c s — L ]
ARUP Advanced Comfort Tool Unie®SICIP HEP  ABOUT

Jones et al., 2021. Predicting thermal comfort for diverse
populations. Building Simulation 2021.




comfort.arup.com

Arup’s response

1

A Arup Advanced Comfort Tool X + [~] e x
= (& & comfortarup.com b ) & H
ARUP Advanced Comfort Tool Units:®SI P HELP  ABOUT
Sensation
Hot
Neutral \/ P
Cold
© Time
0 10 15 20 25 30 35 40 45
Home Outside Office
(:B PN @ U5 ® cao ® Cold Neutral Hot
Simple Advanced Individual Population
Environment name Air temperature Activity Clothing
Home 22.0°C 2 Sleeping (0.7 MET) O Nude (0 CLO)
Mean radiant temperature @ © Reclining (0.8 MET) O Tank top, shorts (0.22 CLO)
Duration (minutes) 20°C O Sitting (1.0 MET) O Long sleeve shirt, skirt (0.52 CLO)
—_— §
15 O Typing (1.1 MET) @® Dress shirt, slacks (0.82 CLO)
Relative humidity @® Standing (1.2 MET) O Suit, tie (0.93 CLO)
Asymmetry —e 50% O Driving (1.5 MET) O Turtle neck, jacket, ski pants (1.84 CLO)
[ Stratification @ Air speed @ © Walking (2.0 MET) O Coat, hood, ski pants (3.27 CLO)
O Radiant asymmetry @ ° 0.1 m/s © Custom metabolic rate:

ARUP

Jones et al., 2021. Predicting thermal comfort for
diverse populations. Building Simulation 2021.



A

“Standard Man”

3. Office
A ¢

2. Lbuhge )}

Weight

163 Ibs

15%

No Treatment

Very Hot

Hot

Warm
Slightly Warm
Neutral
Slightly Cool
Cool

Cold

Very Cold

|

ARUP

Outside ''Lounge

=) ———

Office

0 10 20 30 40 50 60

Add Air Conditioning

Very Hot

Hot

Warm
Slightly Warm
Neutral
Slightly Cool
Cool

Cold

Very Cold

—

70 80

Outside ! Lounge

Office

0 10 20 30 40 50 60

Add Shading

Very Hot

Hot

Warm
Slightly Warm
Neutral
Slightly Cool
Cool

Cold

Very Cold

70 80

Outside

Lounge

0 10 20 30 40 50 60
Time (minutes)

70 80
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Middle 80% of US population

A ¢

2. Lbuhge )}

Height Weight Fat
Men 5’5" -6°0" 145 — 256 Ibs 19% — 37%
Women 50" —-57" 120 — 232 Ibs 32% — 49%

No Treatment
Very Hot

Hot

Warm

Slightly Warm
Neutral
Slightly Cool
Cool

Cold

Very Cold

16% Uncomfortable

I
Outside !Lounge

0 10 20 30 40 50 60 70 80 90

Add Air Conditioning

Very Hot

Hot '

Warm
Slightly Warm
Neutral

N— =
Slightly Cool :/‘ — — =
I

—_—

Cool
Cold | 5ide thounge 4% Uncomfortable @ T
Very Cold 1 !
0 10 20 30 40 50 60 70 80 90
Add Shading
Very Hot

Hot

Warm
Slightly Warm
Neutral
Slightly Cool
Cool

Cold

Very Cold

Office

0 10 20 30 40 50 60 70 80 90
Time (minutes)

Outside ! Lounge
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Thermal Comfort Diary

Wentworth Institute of Technology

Sensation Sensation Sensation
Hot Hot Hot
i Neutral ¢
Neutral = | '_ﬁ_“ Neutral
| VP\ LR T
cold Coid Cold
Time
Time 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 Time
o 50 100 1500 200 300 400 450 500 550 600 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Work Class . Work Home Sleeping Class
® %) ® (OPPNC 91250 & 1-450 56,5 9y 92512 12:9
05748 <go> W eo® <oo> <go> oo ({%
® 55, @ (go, @LELEO G0 8o @
Sensation
Sensation
Hot Sensation
Hot Overall
Hot Chdst
Neutral ﬁM" Neutral
Neutral
= -
¥ — Y . |
Cold Cold
Time Time Cold
0 50 100 150 200 250 300 350 400 450 500 550 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 T
ime
0 100 200 300 400 500 600 700 800 900 1000 1100
® Home Home @t‘b Blount G%ls Oulsrde Studio ( HomeC ® sleep zoom tche @0@ studio C%nr%# studio Pcouch ®
& I's IS s s s
go > <UO < g > <U’J> <0< <U" 0% U"' <o <80o>KBo ® Home 15 G lassroo lassroo @ Home
oo @:% <UO:@.<UO:@. <go>
Sensation Sensation
Sensation ¥
Hot Hot
Hot '
Netiral Neutral '__;__.-—-"’__7 Neutral : , o A —
Cold cold Cold |
LS me 0 ‘ 101 200 300 400 500 600 700 900 1000 1100 1200 1300 1400 ine
0 100 200 300 400 500 600 700 900 1000 1100 1200 1300 1400 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 0 0 1
12:01am-9:20am Qﬁ ¢ am-12:&f :20pm-3:00) 3:00-12:00 B In Bed desk desk dorm room dorm room @0'655@0"“ roorparm "’@ dorm room  orm roopy
? ne 855 (00> ¢ <go $ ® oo Qnrp% <o ® ® 55> @ (o> Do« 8o 0o T <09> X049
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Synthetic Chemistry Lab

Northeastern University EXP

Air Occupants
80 °F Hot
Warm
: 70 °F Neutral
Cool

Neutral overall sensation

Slightly cool overall sensation
60 °F Legs and hands colder Cold






Jerry’s Pond

Leisurely stroll in summer
Proposed

Headhouse

Pedestrian Only Path

,.-.———"'"@-__-_>

Gz

Modified

Alewife Station

Jerry's Pond

Alewife Brook Parkway

Russell Fiel

Walk along path, Walking near Walk along path,  Sitting break,
Highly sheltered  parking lot, More exposed Highly sheltered

More exposed
Very Hot

Hot
Warm

Slightly Warm % Pl
N

ARUP

Walk along path,
Highly sheltered

—

Neutral
Slightly Cool
Cool

Cold

Very Cold

3

Very Hot

Hot

Warm
Slightly Warm

(

25 30

Neutral

Slightly Cool

Cool

Cold

Very Cold
Minutes

25 30



Jerry’s Pond

Brisk jog in summer
Proposed

Pedestrian Only Path
MBTA
Headhouse

Very Hot

Hot

Warm
Slightly Warm
Neutral
Slightly Cool
Cool

Cold

Very Cold

Modified
Very Hot
\ Hot
’ Warm
Slightly Warm
Neutral
Slightly Cool
Cool
Cold

Very Cold

=z

Jerry's Pond

Alewife Brook Parkway

ARUP

Jog along path,
Highly sheltered

Jog along parking lot,
More exposed

Jog along Rindge Ave,
More exposed

Jog along path,
Highly sheltered

Minutes



ARUP

Actual Sensation Vote (Nikolopoulou, 2004 ); Adaptive Thermal index
(Humphrey, 1975); Apparent Temperature (Steadman, 1979); Discomfort Index (Thom, 1959); Effective

Temperature Scale (Houghton et al.1923); ETU (Nagano& Horikoshi, 2011); ETF(Kurazumi et al., 2010);
Humid Operative Temperature (Horikoshi et al., 1991); Local_SET (Kohri and Mochida, 2003); New

Effective Temperature ET" (Gagge atal. 1971) Qutdoor Standard Effective
Temperature (Spagnolo and de Dear 2003); Perceived Temperature (Tinz and

Jendritzky 2003); Perceived Temperature (Staiger, et al, 2011); Phy5|0|{jglca"y

Equivalent Temperature (Hoppe 1999); Predicted Mean Vote,

Predicted Percentage Dissatisfied (Fanger, 1972); Standard
Effective Temperature (Gagge et al. 1986); sevenpoint Themal comfort Scale (Bedford, 1936},

Temperature-Humidity IndeXx (Ciarke & Bach, 1971) UTCI (1SB, 2009); Temai comer
Zone (Houghton & Yaglogiou, 1923) Wind Chill Index (Steadman, 1971); Wind Chill Temperature Index (OFCM,

2003):
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