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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?



Colonial roots

Science of thermal comfort

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



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

Predicted Percentage Dissatisfied tells 

how many people are unhappy with 

that environment



Nicol, Humphreys, and Roaf, 2012. Adaptive thermal comfort: principles and practice. London: Routledge.





Stolwijk, 1971. A Mathematical Model of 

Physiological Temperature Regulation in Man, 

NASA Contractor Report



JOS-2

Stolwijk

Tanabe

JOS-3
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Men

Women

Women

Men

Women

Men

2005-2006 and 2015-2016 

National Health and Nutrition 

Examination Survey, Centers 

for Disease Control

Source
Height 

(cm)

Weight 

(kg)
Fat (%)

Stolwijk (1971) 172 74.1 15

Werner & Webb (1993) 170 78 16 ± 3

Wolf & Garner (1997) 168.7 70 10

Fiala (1999) 171.6 73.5 14

CBE (2001) 175.5 74.4 14.05

Tanabe (2002) 171 74.43 15

Fiala (2015) 169.7 71.4 22.6

“Six healthy, physically active 

men served as subjects.”



Prediction accuracy: 34%
Based on 56,771 surveys

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



Building type
PPD is for offices with air conditioning
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Cheung et al., 2019. Analysis of the Accuracy on PMV – PPD Model Using the ASHRAE Global Thermal Comfort Database II. Building and Environment 153(15)



Climate
PPD is for temperate climates
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Cheung et al., 2019. Analysis of the Accuracy on PMV – PPD Model Using the ASHRAE Global Thermal Comfort Database II. Building and Environment 153(15)



Cultural

• Clothing insulation

• Skin coverage

Physical

• Body mass

• Body fat

• Core temperature (menstrual cycle and menopause)

Gender in Thermal Comfort



Children

• Prefer lower temperatures than adults

• More sensitive to changes in metabolic rate

Elderly

• Changes to metabolic rate, muscle and fat composition

• Decreased thermoregulatory and cardiovascular response

• Decreased heat tolerance

Age in Thermal Comfort

Soebarto et al., 2019. A thermal comfort environmental chamber 

study of older and younger people. Building and Environment.



Socio-economic

• Access to air conditioning

• Occupational exposure

• Healthcare and language barriers

Geography

• Asian thermostat setpoints tend higher

• Data scarcity

Ethnicity in Thermal Comfort

Parkinson et al., 2020. 

Nudging the adaptive thermal 

comfort model. Energy and 

Buildings 206



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



Urban Heat Island
Boston

Climate Ready Boston Map Explorer

https://www.boston.gov/departments/environment/preparing-heat





Boston Heat Resilience Study

https://www.boston.gov/departments/environment/preparing-heat



comfort.arup.com
Arup’s response

Takahashi et al., 2021. Thermoregulation model JOS-3 with new 

open source code. Energy and Buildings 231.

+ =

Zhang, et al. 2010. Thermal sensation and 

comfort models for non-uniform and transient 

environments. Building and Environment, 45(2).

Jones et al., 2021. Predicting thermal comfort for diverse 

populations. Building Simulation 2021.



comfort.arup.com
Arup’s response

Jones et al., 2021. Predicting thermal comfort for 

diverse populations. Building Simulation 2021.



1. Subway
2. Lounge

3. Office

“Standard Man”

Height Weight Fat

5’8″ 163 lbs 15%
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Middle 80% of US population

Height Weight Fat

Men 5’5″ – 6’0″ 145 – 256 lbs 19% – 37%

Women 5’0″ – 5’7″ 120 – 232 lbs 32% – 49%
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16% Uncomfortable

4% Uncomfortable

1. Subway
2. Lounge

3. Office



Thermal Comfort Diary
Wentworth Institute of Technology



Synthetic Chemistry Lab
Northeastern University EXP
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Jerry’s Pond
Leisurely stroll in summer
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Jerry’s Pond
Brisk jog in summer
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