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INTRODUCTION 
In cold climates having temperate summers, over the past decades overheating has not been 
an issue in respect to older and leakier buildings.  However, with the ever-increasing threat of 
global warming and aggressive measures to reduce winter heating energy use to improve the 
energy efficiency of homes, overheating has become a real concern to the comfort and health of 
building occupants.  Overheating is the result of excessive heat accumulation in building 
interiors combined with limited means to effectively dissipate this heat to the outdoor.  The 
outdoor environment is the principle cause for this excessive heat, particularly during extreme 
heat events as occur in the summertime.  However, buildings can exacerbate the situation by 
generating additional internal heat from equipment, lighting, occupants (density) and as well, 
from the trapping of heat given high levels of insulation, more effective airtightness of envelopes 
and inadequate space ventilation. 

The topic of overheating in buildings is still under intensive research in many countries around 
the world. Overheating should not be confused with thermal discomfort, which is a mature topic 
in air-conditioned or naturally ventilated buildings. The fundamental difference between the two 
is that thermal discomfort is an instant feeling of building occupants expressing dissatisfaction 
with their environmental conditions.  Overheating, however, expresses the cumulative effect 
over continuous days of environmental conditions related to both comfort (or discomfort) and the 
health of occupants.  Furthermore, thermal comfort (or discomfort), relates to the occupied 
spaces whereas overheating relates to the occupants themselves, and who may change spaces 
when conducting different activities or also adapt to heat stress. From this viewpoint, and within 
this guideline document on overheating in buildings, a new approach is introduced for 
evaluating overheating from the perspective of heat-related health outcomes as may arise from 
body dehydration and increased body core temperature prior to any occurrence of heat related 
illnesses. 

This guideline document consists of thirteen chapters in which important information is provided 
on the relationships between heat and human body response, a general framework to evaluate 
overheating risk in buildings and application of the framework to Canadian residential buildings.  
The first chapters (1 to 3) present the purpose, scope and definitions of terms used in this 
document.  Chapter 4 presents pertinent information on the effects of heat on human health and 
the manner in which the human body responds to heat through thermoregulation and adaptation 
to heat. Heat related illnesses corresponding to different levels of failure of thermoregulation 
processes are presented with key prevention measures.  Chapter 5 presents new research-
based information on thermal comfort and thermal stress. The chapter includes improvements 
to the currently available thermal comfort and heat stress indices to overcome their limitations 
when covering broad ranges of input parameters to predict thermal comfort requirements for 
young and older people (> 65 year old) in workplaces and sleeping environments.  Heat stress 
levels in terms of core and skin temperatures, dry and evaporating skin heat losses, and body 
water loss for young and older people are presented under typical indoor environmental 
conditions.  Chapters 6 to 9 present a general framework to evaluate overheating risk in 
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buildings. Chapter 6 includes a new approach to define and characterise overheating events 
and the criteria to declare overheating in buildings with young or older occupants. Chapter 7 
lists the factors that can increase overheating risk in buildings. Chapter 8 presents the outdoor 
environment as the primary factor influencing overheating.  The chapter includes new 
approaches to collect long term climate data for the historical period and future climate 
projections covering seven global warming scenarios until the end of the 21st century and define 
and characterise climatic extreme heat events.  A procedure to extract summer weather years 
with various types of extreme heat events from the long term climate data is presented for 
application to any local climate. Spatial exposure maps of extreme heat waves over selected 
Canadian locations are presented for the historical period and future climate projections. 
Chapter 10 lists potential mitigation measures to reduce overheating risk in buildings.  Chapters 
11 to 13 present the results of overheating by applying the framework of Chapters 6 to 9 to 
three types of residential buildings (detached and attached homes and mid-rise multi-unit 
residential buildings) under the current climate and seven scenarios of future climate 
projections. 
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WHO SHOULD USE THE GUIDELINE 
This guideline document provides a wealth of information to manage the risk to overheating in 
residential buildings located in typical cold climates having temperate summers, as are found in 
Canada, and their future climate projections. It is intended to inform building developers, 
designers (architects), modellers and simulators, and HVAC engineers having interest in the 
design and retrofit of high performance and climate resilient buildings.  This guideline as well 
provides research-based information on technical requirements and means of evaluation that 
are intended to help ensure the comfort and safety of building occupants deemed vulnerable  to 
overheating, such as the elderly,  that would be useful to building energy code officials to permit 
incorporating overheating in building energy codes and building energy efficiency standards.  
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1 PURPOSE 
The purpose of this guideline is two-fold:  (i) To provide a framework to evaluate overheating 
risk in buildings through the use of building simulation or continuous field monitoring of building 
interior conditions; (ii) To apply the framework to assess suitability of selected mitigation 
measures to reduce overheating risk in archetypical old, retrofitted, new and net zero energy 
residential buildings under the local current climate of Ottawa (Ontario) and future climate 
projections.  

2 SCOPE 
This guideline is intended to address the evaluation of overheating risk in buildings arising from 
extreme heat events of local climates at building sites. However, this initial guideline contains 
overeating risk data for residential buildings as obtained by applying the presented framework 
on overheating evaluation for the city of Ottawa (Ontario) as a means of assessing the selected 
overheating mitigation measures.  

Local climate data has been extracted from the most recent historical climate observations over 
the past three decades.  The future climate projection data for various climate change scenarios 
are, however, extracted from the raw climate modelling databases of Environment and Climate 
Change Canada (ECCC). The raw climate data were bias-corrected for the location under 
study, but they still carry biases when compared with the historical climate observation data.  
Therefore, overheating risk data obtained for future climate projections should be used for 
relative comparison purposes and are not intended to be used as absolute values.  
Furthermore, local climate modifiers such as the urban heat island effects are not accounted for 
in the local climate data and future climate projections. 

There are many comfort-related definitions of overheating as used by various organisations and 
researchers around the world.  The guideline of this document adopts, however, a newly 
developed definition of overheating as it relates to the comfort and heat-related health effects of 
average-age adults or older building occupants who are in good health conditions. Building 
occupants are assumed capable of tolerating a slight level of thermal discomfort without any 
adverse health effects, and where they can adapt to restore thermal comfort by simple means 
such as changing clothing, using portable fans, opening windows, moving from a warm to a 
cooler space, or other such measures of adaptation.  Children (under 15 years old) or adult 
occupants with prior health conditions are not considered in this document; only the older and 
the young adults. 

Finally, these guideline apply to residential buildings of single detached and row houses and 
mid-rise multi-unit residential buildings that follow typical Canadian construction practice in 
1980s (old), current National Building Code of Canada (NRC,2015) and future net zero energy 
design (30% increase in thermal performance).  
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3 DEFINITIONS 
Special terms used in this guideline document are defined as below. 

 

Adaptive thermal comfort Thermal comfort in non-air conditioned built environments 
where occupants are given opportunities to adapt to heat 
or cold conditions 

Daily indoor heat event An indoor heat event with warm temperatures that occurs 
daily over at least a prescribed number of hours during 
daytime and triggers a physiological response and action 
of building occupants to restore thermal comfort 

Daily outdoor heat event An outdoor heat event with warm temperatures that 
occurs daily over at least a prescribed number of hours 
during daytime and triggers a physiological response and 
action of people under its direct exposure in sunshade to 
restore thermal comfort 

Heat wave event Synonymous of outdoor extreme heat event 

Heat wave, duration (days) Number of continuous daily outdoor heat events 

Heat wave, intensity (�qC) Equal to severity / (duration * 24) 

Heat wave, severity (�qC*h) Magnitude of a heat wave event given by  Equation (1) 
and evaluated under outdoor conditions 

Older building occupant Adult occupants with age over 65 years. 

Outdoor extreme heat event  Continuous daily outdoor heat events that affect the 
outdoor comfort of people exposed to such heat events in 
sunshade over at least one day 

Overheating event Continuous daily indoor heat events 

Overheating The cumulative effect on the thermal comfort (or heat 
stress) and health of occupants directly exposed to 
continuous daily indoor heat events 

Overheating, duration (days) Number of continuous daily indoor heat events 

Overheating, intensity (�qC) Equal to severity / (duration * 24) 

Overheating, severity (�qC*h) Magnitude of an overheating event given by Equation (1) 
and evaluated under indoor conditions 

Standard effective temperature 
(SET), (�qC) 

Steady state temperature of still air of an imaginary 
indoor environment at 50% relative humidity and mean 
radiant temperature equals to the air temperature, in 
which an imaginary person performing the same actual 
activity and wearing clothing standardized for the activity 
level has the same skin heat loss, thermal stress (skin 
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temperature) and thermal strain (skin wettedness) as the 
actual person in the actual environment (Parsons, 2014).  

Thermal stress Changes in human body (core and skin) temperatures 
due to the imposed environmental conditions, potentially 
leading to thermal discomfort, health problems, organ 
injuries, or death. 

Thermal comfort The condition of mind that expresses satisfaction with the 
thermal environment (ASHRAE, 2017) 

Transient standard effective 
temperature  
(t-SET), (�qC) 

Value of SET evaluated at each time step 

Young building occupant Adult occupants with average-age of 35 years old 
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4 EFFECTS OF HEAT ON THE HUMAN HEALTH 
It is well established that heat exposure can lead to illnesses and injuries or damage of human 
body tissues (Yeo, 2004; HC, 2011; Parsons, 2014; EPA, 2016).  The human body maintains an 
optimum body core temperature of 37°C to perform its vital physiological functions.  The 
environmental thermal conditions imposed on the human body combined with its activity level 
will affect the body temperature, and will therefore trigger a thermoregulatory response to cool 
the body by balancing the heat gains with the heat loss.  If the thermoregulatory system is 
overwhelmed by the imposed thermal conditions, the human body will experience some minor 
to serious illnesses depending on the thermal stress level.  Heat-related illnesses develop when 
the body core temperature is between 37°C and 40.6°C, and tissue injury or destruction occurs 
at higher body core temperatures (Yeo, 2004). 

 Body response to heat 
The physiological system of the human body continuously generates metabolic heat to maintain a 
body core temperature within a very tight range of 35°C to 41°C around a neutral value of 37°C 
(Periard et al., 2015).  The excess heat is dissipated to the environment through respiration, and 
peripheral blood flow to the skin. The skin surface exchanges the blood-transported heat with the 
environment though radiation, convection and sweat evaporation.  If the body core temperature is 
above the neutral value, the thermoregulatory system uses two mechanisms to dissipate heat and 
cool the body:  (1) it increases the peripheral blood flow by increasing the cardiac output (heart 
blood flow) and vasodilation of the blood vessels in the skin layer; and (2) it releases sweat (water 
and salt) at the skin surface for evaporative cooling.  The first cooling mechanism is triggered 
when the environmental thermal conditions are close to the neutral conditions (slightly warm on 
the thermal comfort scale) and the body core temperature is between 36.8°C to 37.2°C (Rida et 
al., 2014).  The second cooling mechanism is the most efficient one; it is triggered when the first 
cooling mechanism is not sufficient under higher body core temperatures.  However, this cooling 
mechanism may be compromised by high values of ambient relative humidity and body 
dehydration status.  In hot and dry conditions, heat can easily be removed from the body by sweat 
evaporative cooling until reaching the maximum sweat rate of the sweat glands. Body water loss 
by sweating should be replaced by fluid and electrolytes intake to avoid dehydration.  If the body 
dehydration occurs, the muscle blood flow, sweat rate and salt retention may decrease 
accordingly, resulting in higher core temperatures and consequent development of health issues.  
In hot and humid conditions, the sweat evaporative cooling may be significantly reduced, and the 
body will therefore accumulate heat, and the high peripheral blood flow to the skin may 
compromise the blood and nutrient flows to other body vital organs, potentially resulting in heat-
related illnesses or injuries (HC, 2011). Table 1 shows the core temperature levels and its 
associated heath conditions. 
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higher impacts on the population in early summer as compared to full summer due to fewer 
people being acclimatized at the beginning of the warm season (Basu, 2009; HC, 2012). 

Behavioural (or physical) adaptation is the most effective means to ensure survival, comfort 
and performance (Parsons, 2014).  It involves any changes that a person can make to oneself 
or the environment to reduce the effect of heat. Personal and environmental changes may 
include wearing lighter clothes, use of air conditioning, use of ventilation (portable or ceiling) 
fans, opening windows, moving around to avoid direct heat, and other similar measures. 
Behavioural adaptation is the key driver to achieve adaptive thermal comfort in naturally 
ventilated buildings (Brager and de Dear, 1998). 

Psychological adaptation refers to the altered perception of and reaction to sensory information 
due to past experience and expectations (Parsons, 2014).  In other words, people may perceive 
and react differently to the imposed environment conditions, and their physiological and 
behavioural adaptation may therefore be influenced accordingly. Psychological adaptation plays a 
significant role in naturally ventilated buildings where occupants are more tolerant to heat than in 
air conditioned buildings (Brager and de Dear, 1998). 

 Heat related illnesses 
Heat related illnesses progress from the start of feeling thermal discomfort, to mild heat stress, or 
syncope or cramps, thereafter to heat exhaustion, and afterward to heat stroke, potentially leading 
to organ dysfunctions (such as renal failure) and, in some instances, death. Heat illnesses are 
caused by body dehydration, electrolyte (salt) losses, and failure of the thermoregulatory system 
(Yeo, 2004).  

Heat syncope (i.e. fainting) is a transient loss of consciousness resulting from a reduction of 
cerebral blood flow, preceded frequently by pallor, blurring of vision, dizziness and nausea. It may 
occur in persons suffering from heat stress. Mild dehydration, which develops in most persons 
exposed to heat, contributes to the probability of heat syncope. Individuals who suffer from 
cardiovascular diseases or who are un-acclimatized to heat are predisposed to heat syncope or 
collapse. The victims usually recover consciousness rapidly after they are laid flat (Ogawa, 2021). 

Heat cramps (mild heat stress) are caused by the loss of fluids and salts due to prolonged 
heavy sweating. It is accompanied by painful muscle cramps and spasms while body 
temperature hardly rises.  Cessation of activity, drinking plenty of water and application of a firm 
pressure on cramping muscle or gentle message may relief the symptoms (EPA, 2006).  

Heat exhaustion occurs when the body core temperature is between 37°C and 40°C, and the 
body becomes dehydrated and can no longer dissipate heat.  The cardiovascular system is 
unable to meet the needs for cooling of skin surface and muscles due to lower blood volume. It 
is accompanied by heavy sweating, fatigue and weakness, dizziness and fainting, and nausea 
and vomiting (Yeo, 2004; EPA, 2006; HC, 2011).  Drinking water with electrolytes and cooling 
the body may relief the symptoms (EPA, 2006).  If heat exhaustion is left untreated it will 
progress to a heat stroke. 

Heat stroke occurs when the thermoregulatory system fails, the body core temperature is 
higher than 40.6°C (extreme hyperthermia), and the skin becomes hot and dry.  The symptoms 
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within the comfort limits (Parsons, 2014).  The PMV index accounts for the six personal and 
environmental factors, and uses the ASHRAE thermal sensation scale as mentioned before.  
Fanger (1970) also developed the predicted percentage of dissatisfied (PPD) and linked it to the 
PMV scale.  The PMV neutral thermal conditions (-0.5 to +0.5) correspond to a satisfaction level 
of 80% (or PPD = 10%).  The PMV-PPD indices are the most accepted thermal comfort metrics 
amongst practitioners and are adopted in many international standards (e.g., ASHRAE 55- 2017; 
ISO 7730-2005; CSA Z412-17).  Recent studies using the ASHRAE Global Thermal Comfort 
Database II showed, however, that the accuracy of the PMV index is only 34% (meaning that 66% 
of the cases the PMV index has significant biases compared to the measured or observed thermal 
sensation votes) (Cheung et al., 2019).  The PMV index is only reliable for the comfort range (-0.5 
to +0.5) in air-conditioned spaces.  Furthermore, PMV is not applicable to the comfort of sleeping 
persons (ASHRAE, 2017), and older people, particularly in the discomfort ranges. 

 Adaptive thermal comfort 
The adaptive thermal comfort is applicable to non-air-conditioned (free-running) or naturally 
ventilated office buildings in locations where the prevailing monthly mean temperature of the 
outdoor environment varies between 10°C to 33.5°C (ASHRAE, 2017).  In those buildings, 
occupants are assumed in sedentary activities (metabolic rate from 1 to 1.3 met), and are given 
adaptation opportunities to change their clothing (0.5 to 1 clo), open windows, use ventilation 
fans, move around, or other measures to adapt to their surroundings.  The comfort operative 
temperatures in those buildings are a few degrees Celsius higher than in air-conditioned 
buildings.   

 

Figure 1 shows the upper and lower comfort operative temperatures as a function of the 
monthly average of the outdoor temperature according to ASHRAE 55 (2017); those values are 
summarized in Table 3 for the month of July, and for selected major Canadian cities. 
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Figure 1. Operative temperature of the adaptive thermal comfort of ASHRAE-55 in naturally 
ventilated indoor spaces (courtesy of ASHRAE, 2017) 

 

Table 3.  ASHRAE-55 (2017) adaptive comfort operative temperatures for selected Canadian 
cities in July.  The monthly averages of the outdoor temperature are taken from the 
historical climate data of 1981-2010 of ECCC (2018a)  

Location 
July  

average outdoor  
temperature (°C) 

ASHRAE-55 
Lower operative 
temperature (°C) 

ASHRAE-55 
Upper operative 
temperature (°C) 

St John's (NF) 15.5 19.1 26.1 

Charlottetown 
(PEI) 18.7 20.1 27.1 

Halifax (NS) 18.8 20.1 27.1 

Moncton (NB) 19.5 20.3 27.3 

Montreal (QC) 21.2 20.9 27.9 

Ottawa (ON) 21.2 20.9 27.9 

Toronto (ON) 22.3 21.2 28.2 

Winnipeg (MB) 19.7 20.4 27.4 

Saskatoon (SK) 18.5 20.0 27.0 

Calgary (AB) 16.5 19.4 26.4 

Vancouver (BC) 18.0 19.9 26.9 
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Figure 4. Thermal comfort zone for young adults in terms of PMVi and SET values 

 Comfort requirement for older people 
Similar to young adults, simulations were conducted using the improved two-node models for 
young and older adults to cover typical indoor conditions as stated before. Two activity 
metabolic rates were used for older people: (1) older people having the same metabolic rate as 
young adults (but having different threshold temperature values for sweating, skin blood flow, 
and shivering); and (2) older people having a lower (30%) metabolic rate.  Both metabolic rates 
are reported in the literature.  For example, Stapleton et al. (2014) found young and older adults 
have approximately the same metabolic rate whereas Tsuzuki and Ohkufu (2002) found a 30% 
reduction in metabolic rate of a large group of people (109).   

Figure 5 shows the comfort zone in terms of SET-Young (calculated for young adults) and its 
corresponding PMVi values for older people under the same indoor conditions.  Older people 
having the same metabolic rate as young adults have lower requirement for thermal comfort.  
The comfort values of SET-Young vary from 20.5°C to 23.5°C with a neutral value of 22.3°C at 
PMVi-Older = 0, which is 2.2°C lower than young adults with a neutral value of SET = 24.5°C 
(Figure 4).  Older people would require cooler temperatures when exposed to warm 
temperatures.  This is consistent with the findings of Stapleton et al. (2014) where older people 
reported thermal sensation higher (by 0.8 to 1.2 units) than young adults under the same hot-
dry and hot-humid thermal conditions. 
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Figure 6.  Relationship between the PMV indices for young and older people with equal and 30% 
lower metabolic rate 

 Comfort requirement for sleep 
Studies have shown that the thermal comfort requirement for sleeping environments is different 
than for workplaces (Lan et al., 2017). Sleeping people have lower (30%) metabolic rate than 
wakeful people in a sedentary position.  Furthermore, sleeping people cover their bodies while 
sleeping on a mattress, resulting in higher total clothing insulation values. Clothing insulation 
values can vary from season to season. In summer, typical clothing insulation values can take 
1.38 clo (short sleeved pyjama + mattress) to 1.6 clo (long sleeved pyjamas + bed cover sheet 
+ mattress) (Lin and Deng, 2008b).  In winter, clothing insulation can take higher values such as 
3.5 clo (long sleeved pyjamas + bed cover sheet + quilt + mattress). Due to the lower metabolic 
rate, sleeping people prefer mild to warm environments compared to wakeful people (Pan et al., 
2012; Lan and Lian, 2016; Lan et al., 2017; Ngarambe et al., 2019).  However, the comfort 
requirement for sleeping is not covered in any standard for built environments.  

The models developed for PMV and SET have been used to calculate the comfort requirement for 
sleeping people.  The two-node bioheat model for SET incorporates a simplified model for 
sleeping as presented in Laouadi et al. (2020a).  The improved PMV index for sleeping is 
calculated by accounting for the neutral core and skin temperatures for sleep and the lower 
metabolic rate when sleeping.  Simulations were conducted to cover typical indoor conditions with 
operative temperatures = 15 to 35°C; relative humidity = 30 to 80%; air velocity = 0.1 to 0.5 m/s; 
sleeping metabolic rate of young adults = 0.7 met; and clothing insulation = 1.38 to 3.5 clo.  The 
exposure time was fixed to 7 hours.   

Figure 7 shows the comfort requirement for sleep in terms of the PMVi index and the 
corresponding SET values calculated for a young adult in a wakeful state but with a sleeping 
metabolic rate (0.7 met).  The sleeping metabolic rate for older people was fixed at 0.49 met 
(30% lower than the young).  The comfort zone for sleeping has a wide range, depending on the 
environmental conditions and clothing (or season).  For young adults, the corresponding values 
of SET-Young at PMVi = ± 0.5 vary between 27.75°C and 30.25°C with an average neutral 
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value of SET-Young = 28.85°C.  For older people, the corresponding values of SET-Young at 
PMVi = ±0.5 vary between 28.6°C and 31°C with an average neutral value of SET-Young = 
29.7°C.  Older people would thus require warmer temperatures for sleep than young adults. 

 

 

Figure 7.  Sleeping comfort requirement for young and older people calculated as function of SET 
for wakeful young adults but with sleeping metabolic rate (0.7 met). Sleeping older people 
are assumed having 30% lower metabolic rate (0.49 met). 

 

 Heat stress level of young and older people 
The new bioheat models developed for the young and older people (Li et al., 2021a,b) have 
been used to predict the heat stress levels of young and older people under typical indoor 
conditions as stated before.  The heat stress levels are indicated by the core (Tcr) and skin (Tsk) 
temperatures, skin heat exchange by sweat evaporation (evaporative heat) and convection and 
radiation (dry heat) with the adjacent environment, skin wettedness (ratio of skin evaporative 
heat loss to maximum evaporative heat loss), and body water loss by sweating and respiration. 
Simulations were conducted for an exposure time of 3 hours. 

Figure 8 compares the results obtained for young adults and older people having the same 
metabolic rate as the young.  The findings are: 
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�x Older people have higher core temperatures (by up to 0.4°C) and lower skin temperatures (by 
up to 2°C) under both warm and cold exposure than young adults.  The core and skin 
temperatures reach their maximum increase or decrease with respect to young adults around 
the neutral conditions (Tcr around 36.8°C and Tsk around 33.7°C) due to the delayed vaso-
dilation/vas-constriction and sweating mechanisms of older people. At warm or hot temperatures 
(> 30°C), the skin temperature of older people is approximately equal to young adults. However, 
under cool/cold exposure, the skin temperature of older people stays significantly lower, 
particularly for active people with metabolic rates higher than 1 met. 

�x Skin dry heat loss or gain (negative values) of older people under warm or hot exposure is 
approximately equal to young adults (since the skin temperatures are approximately equal).  
However, the evaporative heat loss of older people is slightly higher than young adults 
under warm/hot exposure due to higher core temperatures that triggers sweating.  Under 
cool exposure conditions (< 25°C), the evaporative heat loss of older people is, however, 
higher than young adults, particularly with high activity levels (> 1 met). 

�x Skin wettedness of older people is higher than young adults, particularly at cool exposure 
conditions and high activity levels.   

�x Body water loss (for 3 hour exposure duration) by sweating and respiration is approximately 
equal under warm exposure conditions (around 30°C), but significantly lower at hot exposure 
conditions (> 35°C) due to impaired sweating of older people. 

Figure 9 compares the results obtained for young adults and older people having 30% lower 
metabolic rate than young adults.  The findings are: 

�x Under warm or hot exposure conditions (> 30°C), the core temperature of older people is 
higher (by up to 0.4°C) at the onset of skin blood vasodilation and sweating (Tcr around 
37°C), but becomes lower (by up to 0.7°C) when sweating is fully developed.  The skin 
temperature of older people is consistently lower (by up to 1.3°C) than young adults.  
However, under cool exposure conditions, the core temperature of older people may be 
lowered by up to 0.2°C, but their skin temperatures becomes higher (by up to 0.5°C) than 
young adults at sedentary activities (1 met). Higher activity levels of older people may render 
their skin temperature to become lower by up to 2°C than young adults due to the 
impairment in skin blood flow and vasodilation.    

�x Skin dry heat loss (or gain at higher temperatures) of older people under warm or hot 
exposure is lower (or higher) than young adults depending on the indoor conditions.  The 
skin evaporative heat loss of older people is significantly lower than young adults due to 
impairment of sweating and lower core and skin temperatures, which trigger sweating. 

�x Skin wettedness of older people is significantly lower than young adults.   
�x Body water loss (for 3 hour exposure duration) by sweating and respiration under warm or 

hot exposure is significantly lower (by up to 48%).  
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Figure 8.  Comparison of core and skin temperatures, skin dry and evaporative heat exchange, 
skin wettedness and body water loss of older people with young people under typical 
indoor conditions.  Older people are assumed having the same metabolic rate as the 
young. 
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