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Abstract- Demographic shifts due to the burgeoning ageing 

population and increasing global temperatures are 

synchronized societal challenges of the future. People living in 

low and middle-income countries are ageing much faster than 

richer countries and over the next three decades, ageing is 

predominant in Asia. People ageing in low-income communities 

of the tropics will become more vulnerable to heat with 

limitations and conditions of the houses they live. Thus, the 

study appraises the vulnerabilities of elders and the built 

environment of aging in place in the tropical city of Colombo, 

Sri Lanka. The selected cohort is permanently residing in a low-

income community. Infrared thermal imagery analysis of elders 

is evident for a mean skin temperature of 34.9°C, which is 1.9°C 

above a healthy adult. Mean skin temperature further increases 

in elders living in detached houses. Moreover, the houses 

demonstrate poor ventilation, and overheated interiors with less 

usable floor area and windows. Additionally, the elders are 

suffering from long-term illnesses and their income restricts 

treatments. Thus, the study portrays an overarching social 

injustice status of ageing population in cities in Sri Lanka, as 

elders prefer aging in place. Thus, it highlights the significance 

of physical attributes of built environment to ensure healthy 

aging in warming climates.  
Keywords—ageing in place, built environment, older 

population, tropics, mean skin temperature 

I. INTRODUCTION  

The burgeoning trend in population ageing is a major 
societal challenge of the world at present and for years to 
come. By 2050, the global population over 60 years will 
increase to 22% of the total population and signifies nearly a 
100% increase (WHO, 2021). Demographical transformation 
of the global population with the growth of elders will reveal 
emerging dilemmas in the economy, healthcare services, 
social care and housing (Christensen et al., 2009).  

Deteriorating health status of an ageing population 
characterizes general physical inabilities of eyesight and 
hearing losses, chronic diseases, and psychological issues.  
Thus, a predominant ageing population emphasizes a lesser 
contribution to the economy and increasing dependency on 
healthcare services imposes a burden on the future health 
budget, globally (WHO, 2021). 

Climate change causes unacceptable global risks to public 
health (WHO, 2014). It has been estimated that 99% of the 
health impacts of climate change will affect developing 
countries (Coalguiri et al., 2015). The interaction and 
interference of climate change with social and environmental 
conditions vary from country to country. Thus, exposure and 
vulnerability are determinants of risk from climate extremes 
and emphasize the need for the management of these risks at 
the local level.  

People living in low and middle-income countries are 
ageing much faster rate than in richer countries over the next 
30 years and 65% of this demographic shift is confined in 

Asia (United Nations, 2017). Correspondingly the Asian 
aging population is projected to shift from being 12% of the 
total in 2017 to 24% in 2050 (United Nations, 2017).  

Climate change is an obvious universal challenge for 
human health and well-being (UNFCC, 2017). While climate 
change imposes environmental impacts and increases stress 
on all age groups, it poses specific direct and indirect effects 
on the health and wellbeing of older people vulnerable to 
environmental health risks (Frumkin et al., 2008; USEPA, 
2016).  

Older people are more susceptible to the impacts of 
temperature extremes and heat-related morbidity and 
mortality arising from overloading on cardiovascular and 
respiratory systems (Huq et al., 2007). In the 21st Century, the 
key strategy for health is fundamentally a concern of people 
and how they live and maintain health and well-being in the 
context of their daily lives.  

Targets of the Sendai Framework for Disaster Risk 
Reduction (SFDRR 2015-2030), which is a guiding 
document for global disaster risk reduction, also promote the 
health and well-being of populations (UNDRR, 2015). 
Majority of the ageing population prefer to ‘aging-in-place’ 
and continue to live in their homes as they desire (Peek et al., 
2016). The health and well-being of elders residing in these 
places are affected by diversified constraints such as 
environmental pollution, inadequacy of energy, crimes, and 
physical and social attributes of neighborhood milieus. 

Thus, the quality of built and social environments plays a 
major role in health and well-being of ageing population 
(Cerin et al., 2017; Chui, 2008; Phillips et al., 2005).  Hazards 
disproportionately affect the community, while posing more 
disruptions on people who are already vulnerable and with 
low coping capacities. Thus, ageing population signifies 
extreme vulnerability to natural hazards. According to World 
Health Organization, nearly 80% of the older population will 
live in low and middle-income countries by 2050 (WHO, 
2021).  

These conditions can lead to severe consequences in the 
future due to increasing hot climatic conditions. Thus, 
signifies that low-middle income countries in the tropics with 
severe hotspots pose major challenges to the health and 
wellbeing of their elderly population. 

In tropical environments, the urban heat island effect due 
to rapid urbanization and climate change can exacerbate the 
thermal discomfort level (Kakon et al., 2010). Although 
people in the tropics practice behavioral adaptations to adjust 
to thermal comfort levels, these actions are limited with the 
age of older people (Indraganti et al., 2015). Thus the 
increasing frailty status causes weather-related mortality 
among ageing populations (Shalom et al., 2010). 



Older people spend more than 75% of their daily life 
inside dwelling places (Almeida-Silva et al., 2015). Thus, 
characterizes the necessity of ensuring optimum thermal 
comfort levels inside their homes. WHO has launched an 
initiative to meet the new requirements and demands in 
houses that arise from ageing populations globally (World 
Health Organization, 2015). A limited number of studies have 
been conducted investigating the thermal comfort level of 
older populations that age in place.  

Thus, the study investigates the physical attributes of 
residences of elderly populations in tropical climates and 
their vulnerability to indoor thermal exposure in Colombo, 
Sri Lanka. This paper focuses on the socio-economic status 
of a randomly selected cohort of elders and the built 
environment of their dwellings. 

II. SIGNIFICANCE OF RESEARCH 

Sri Lanka represents the highest percentage of the elderly 
population in South Asia (Solano, 2021). Moreover, the 
national ageing population over 60 years will be doubled by 
2040 (Abeykoon, 2018). This demographic change will 
impose a severe threat on the life expectancy of Sri Lankans 
in the future. Nearly, ten years of gap between the healthy life 
and overall life expectancy is evident. This will result in a 
loss of 10 years of a healthy life for a Sri Lankan and 
highlights an emerging burden on the national health budget 
and socio-economic status of the country (WHO, 2018). 
Thus, examining the societal challenges to the national 
elderly population is significant.   

People above 60 years of age represent 12.3% of the 
national population. The majority (99%) live with their 
families and also spend their remaining life in the same house 
(United Nations Population Fund, 2017). Thus, the 
phenomenon of “aging in place” signifies a primary need of 
Sri Lanka’s aging population. Therefore, investigation of 
built environmental attributes of the houses of elders is 
important to ensure healthy ageing.  

Previous studies reveal that the elders experience several 
disadvantages due to the poor quality of houses they live in. 
One-fourth of older people located in rural settings are living 
in houses built with semi-permanent structures and lack 
adequate facilities (United Nations Population Fund, 2017). 
These limitations are not an exception for elderly people’s 
houses in Sri Lanka, a majority of them are not satisfied with 
the condition of the places of they live (Ariyawansa et al., 
2021).  

Houses with inadequate facilities make people vulnerable 
to heat-related discomfort and diseases (Shalom et al., 2010). 
Furthermore, it is revealed that the physical and socio-
economic factors can substantially make elder populations 
vulnerable to heat (Chow et al., 2012). However, the limited 
research interests and dearth of knowledge on physical 
attributes and indoor environmental conditions of houses of 
elders for aging in place in the tropics is apparent.  

Therefore, the study prioritizes the aging in place 
phenomenon and investigates the houses of elders to assess 
the physical attributes of the built environment and also to 
understand the level of heat vulnerability of older persons 
living in tropical climates.  

III. METHODOLOGY  

A. Case study 

Selection of case study location and the most appropriate 
cohort for the study was performed using the secondary data 
of the latest population census of Sri Lanka (Department of 
Census and Statistics, 2012). Thus, the sample selection 
process represents the critical case approach and is based on 
number of elders living in all administrative divisions of the 
western province. A hierarchical distribution profile of elders 
was developed for the Western province and the Colombo 
district represents the highest elderly population of Sri Lanka 
with 315,944 persons of which 77% are young elders (60-74 
years). Colombo DS division accounts for 11.2% of the 
young elder’s population in western province and represents 
the highest young elder’s population of 27,427 persons. 
Figure 1 shows the young elders' distribution profile of 35 
Grama Niladhari (GN) divisions of the Colombo District 
Secretariat division. As shown in Figure 1, Mattakuliya GN 
signifies the highest population of young elders’ population 
of 2674 persons.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The randomly selected cohort of this study are houses of 
elders permanently residing in Mattakuliya GN division. The 
critical sample size was calculated proportionate to the total 
young elderly population. Further, the most suitable cohort 
was selected in consultation with the Grama Niladhari officer 
of the GN division.  

B. Survey Design  

A questionnaire survey and simultaneous experimental 
investigation for personal thermal exposure were conducted 
among a sample of 105 elderly participants during the hot 
weather period. Prior to the final data collection procedures, 
a pilot study was performed for a randomly selected sample 
of 16 elders to validate the questionnaire and also to develop 
a program for effective administration of interviews. An 
interviewer-administered structured questionnaire was used 
to collect data on demographic characteristics, economic 
status, health conditions, and physical attributes of the houses 
they live.    

C. Thermal images of participants  

Thermal images of the participants were collected using a 
hand-held FLIR infrared thermal imaging camera. These 

Figure 1: Distribution of elderly population in Colombo 
district 

Population statistics  
of GN divisions 

Mattakkuliya 



images were taken from all participants while they were 
staying inside their houses in a relaxing posture. Each image 
was processed using FLIR open-source software to develop a 
specific report and to extract the temperature variation of the 
thermal profile. Figure 2 shows a thermal profile of an elder 
processed during the analysis.  

IV. RESULTS   

A. Demographic data  

During the data refinement process, a sample of 81 
participants was selected for the analysis. Table 1 details the 
demographic information of young elders who participated in 
the survey. According to the demographic information, the 
majority of participants [40.7%] belong to the age group of 
60-69 years and 26.2% of participants are older than 69 years.  

Table 1: Demographic information of survey participants 

 

B. Mean skin temperatures (MST) of the older population  

The mean temperature of the participants was calculated 
using (1), where Sp1, Sp2, and Sp3 represent temperatures at 
three different parts of the human body as shown in Figure 2 
(Lee et al., 1998). These temperatures were extracted from 
thermal images, using FLIR software.  

1 2 30.25 0.5 0.25MST Sp Sp Sp= + +   (1) 

The extracted minimum and maximum MST of the 

participants are 33°C and 37.4°C respectively. However, the 

mean MST of the sample is 34.9°C. Next phase of the 
analysis was to assess variation of MST among different 
demographic characteristics of participants such as gender, 
age and a major physical attribute, the construction type of 
their house. 

1) Effect of gender and age on variations of MST  

This section explains the effect of gender and age on MST 
levels of elders. Statistical analysis is evident for, no 
significant difference in the MSTs among genders (P > 0.05). 
Furthermore, the Student–Newman–Keuls test informs the 
MST variation among different age groups is statistically 
insignificant (P <0.05). Thus, proves a significant variation in 
the MST is not evident among age groups and genders. 

2) Effect of house type on variation of MST   

MSTs were descriptively analyzed for two construction 
types of houses such as, attached and detached as shown in 
Figure 3. Among the sample of 81 houses of the participants, 
30 and 51 are detached and attached houses, respectively. The 
result of the independent sample t-test (p<0.05) shows a 
significant difference between the means of the two samples. 

Moreover, Mahalanobis distance discrimination method 
was used to identify the MST ranges of elders living in 
different house types. This analysis was conducted by 
developing four areas respective to the MST of the sample. 
Table 2 shows the four areas and the corresponding range of 
MST (x is MST) in each area. 

Table 2: Summary of areas and range of MST 

 
Thus, the next step of the analysis is based on the 

calculation of Mahalanobis distance from the sample to each 
of the two groups of houses and the four areas given in Table 
2. Equation 02 was used to calculate the Mahalanobis 
distance, ‘di’ between a population and sample. In this 
equation, ‘y’ is the MST of the sample, µ and σ represent the 
mean and standard deviation of the population respectively. 

Category  Count Percentage 

Gender  Male  27 33.3% 

Female  54 66.7% 

Age group 
(years) 

50-59  26 32.1% 

60-69 33 40.7% 

70-79 17 20.1% 

80+ 5 6.1% 

Civil status  Married  73 91.2% 

Unmarried  8 9.8% 

Employment 
status  

Employed  21 25.9% 

Unemployed 60 74.1% 

Number of 
family 

members 

2 14 17.3% 

3 21 25.9% 

4 14 17.3% 

5 10 12.3% 

5+ 22 27.2% 
Area No.  Range of mean skin temperature  

Area I x < 33.9 o C 

Area II 33.9 o C < x < 34.3 o C 

Area III 34.3 o C < x < 35.1 o C 

Area IV 35.1 o C < x 

Figure 3: Variation of MSTs based on building types 

Figure 2: Infrared thermal profile of a young elder inside a house 

Sp1 

Sp2 

Sp3 



Table 3 presents the Mahalanobis distance between samples 
and each population relevant to house types corresponding to 
four areas. 

  
Table 3: Mahalanobis distance for selected population 
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Table 3 further illustrates the minimum of Mahalanobis 
distances among two house types in relation to each 
temperature range. Therefore, according to the Mahalanobis 
distance discrimination method, the MST of elderly 
respondents living in two types of house constructions are 
presented as follows; 

Attached houses; MST <= 35.1 o C 

Detached houses; MST > = 35.1 o C 

Results indicate the MSTs of elders living in detached 
houses are more likely to be over 35.1 oC, which informs a 
thermally uncomfortable and unacceptable level for ageing 
population. Furthermore, the study highlights a significant 
aspect of thermal discomfort focusing on the physical 
attributes of dwelling places, which are being used by elders 
throughout their journey of life.  

C. Physical attributes of aging-in-place  

Physical attributes of the houses of respondent elders such 
as floor area and envelope characteristics are presented in this 
section. Elders are living in houses with a considerably 
smaller floor area of less than 275 ft2. Thus, the allocated area 
per person was calculated by considering the number of 
family members occupied in each household. Results inform 
27% of elderly respondents of the sample are having less than 
55 ft2 of floor area for their personal use. 

Furthermore, a typical feature of all eighty-one houses of 
the sample is the presence of a single door in the building 
envelope. However, a significant variation can be observed 
in the number of windows included in these houses. 
Although, 57 and 17 houses are with one and two windows, 
respectively, there are 7 houses without windows.  

All these houses do not contain any other mechanical 
means for ventilation and the primary mode is natural 
ventilation. Thus, portrays a substandard indoor environment 
with less floor area and limitations in promoting natural 
ventilation for interiors of the houses of elders.  

The commonly used roof types of the houses are gable and 
flat roofs. Approximately 60% and 40% of the houses are 
with gable and flat roofs respectively. The walls of these 
houses are constructed with main two types of materials such 
as brick and timber. Only 16 houses are constructed with 
timber. All brick houses represent two construction types 

such as detached and attached houses. Thus, the surveyed 
sample of brick houses is composed of 30 and 51 attached 
and detached houses, respectively. The physical attributes of 
the houses with limited floor area, very poor ventilation and 
impermanent construction conditions inform the extremely 
vulnerable living environments of elders which are being 
used as their places for ageing.    

D. Health conditions of the elderly population 

Long-term illnesses experienced by the respondent elders 
are presented as their prevalent health conditions. 18.5% of 
the respondents are not affected by any long-term diseases. 
However, the majority (81.5%) of elders of the cohort are 
suffering from long-term illnesses such as diabetes, high 
blood pressure, joint pains, glaucoma, and wheezing. 
Diabetes is the most frequently reported disease and 30% of 
the elders are suffering and aging with this long-term health 
condition. Moreover, a considerable number of elders are 
suffering from multiple illnesses and among the cohort, 37% 
of elders are experiencing a health condition of two or more 
long-term sicknesses.  

Furthermore, elders suffering from long-term illnesses 
visit varying places to receive treatment, and these places of 
treatment are predominantly reliant on the monthly income of 
the household. The monthly income of the household of 
elders varies in the range of 8,000 to 25,000 LKR. However, 
most families with elders get a monthly income of 12,000 to 
16,000 LKR (1 LKR = 0.005 USD in Nov 2019).  

Figure 4 shows the relationship between the place of 
treatment and the monthly income of the household. As 
shown in Figure 4, 41% of the respondents are treated in 
government hospitals. Elders visiting private healthcare 
facilities are living in households with considerably higher 
monthly incomes. Elders residing in households with lower 
monthly incomes are being treated in government health 
centers and pharmacies. 

V. DISCUSSION  

This study presents three important findings of an elderly 
population in Colombo, Sri Lanka, who prefers ‘aging in 
place’. The first finding of this experimental investigation is 
the considerably high MST of the elderly population. Skin 
temperature is a significant physiological parameter 
influencing thermal comfort and the thermal sensation of 

Ranges of mean skin 

temperature  Attached  Detached  

x < = 33.9 oC 1.1568 (min) 1.4012 

33.9 oC < x < =34.5 oC 0.5031 (min) 0.8556 

34.5 oC < x < = 35.1 oC 0.1804 (min) 0.2850 

35.1 oC < x 1.4689 0.7906 (min) 

Figure 4: Relationship between place of medical treatment 
and monthly household income 



people depends on the level of skin temperature   (Wu et al., 
2017). Consequently, people with high MST perceive the 
thermal sensation of hotness as causing thermal discomfort.  

Elders of this study are evident for an average MST of 

34.9°C for sedentary behavior within an interior. This is 

relatively a high MST in comparison to the 33°C, mean skin 
temperature of a healthy adult (Farzana, 2001). This finding 
informs a status of thermal discomfort among elders within 
the interiors of the houses they live. Prevalence of high MST 
levels for a lengthy period of life will initiate varying negative 
health conditions at an older age.  

Furthermore, the effect of demographic factors such as age 
and gender on variations of MST is insignificant. However, 
the difference in house types was evident for variation in 
MST of elders living in two types of houses such as detached 
and attached houses. MST of elders living in detached houses 

was observed above 35.1°C. Hence, the findings suggest 
physical attributes of the built environment affect the thermal 
sensation of occupants and highlight the importance of 
comprehensive assessments of indoor thermal comfort levels 
of elders in hot climates.  

Aging in place requires optimum indoor environmental 
quality and interiors with high indoor temperature and carbon 
dioxide concentration will impose adverse health impacts on 
elders (Almeida-Silva et al., 2014).  

Thus, the second finding of this study informs the 
limitations on the physical attributes of the houses. These 
houses of elders demonstrate less usable floor area per 
occupant and restrictions in promoting natural ventilation 
within the interiors. The investigated sample of houses used 
for aging-in-place of elders does not provide adequate 
openings to promote natural ventilation. The majority of the 
houses were evident for a maximum of a single window and 
a door and a considerable number of houses are without 
windows. Since natural ventilation is the only method to 
provide fresh air and required thermal comfort in the interiors 
of these houses, the lack of adequate openings will affect air 
movement indoors. The volume of air (air flow rate) is 
significant in promoting heat exchange, thus reducing indoor 
air temperature more than the ambient level in the tropics 
(Rajapaksha et al., 2002). Prevailing high indoor 
temperatures and less ventilation prove the poor indoor 
environmental quality of the houses of elders in the hot 
climate of Colombo. Which will eventually promote 
unhealthy ageing. 

Furthermore, the study focuses on the prevailing health 
status of the investigated cohort of elders. Elders are 
predominantly suffering from non-communicable diseases 
such as diabetes and high blood pressure. Most importantly 
although they are suffering from long-term sicknesses their 
place of treatment has been restricted by the monthly income 
of the household they live. Elders living in households with 
higher income (20,000-25,000 LKR) will visit private 
medical facilities and the majority of elders with an average 
level of income are getting treatment from government 
hospitals. However, the elders living in the household with 
the lowest monthly income are dependent on medicine 
purchased from pharmacies. Thus, the status of prevailing 
medical care practices informs the treatment for long-term 
sicknesses is affected by their economic status.   

The overarching finding of this study signifies an 
emerging status of social injustice experienced by the aging 

population of low-income communities. The 2030 Agenda 
for Sustainable Development prioritize the concept of 
“leaving no one behind” to ensure Sustainable Development 
Goals (SDGs) among all segments of society with special 
attention on the most vulnerable age group, the elders. To 
ensure the progress towards implementing SDGs, there is a 
necessity to initiate a national agenda that will enable a 
healthy life by addressing the exclusion and vulnerability of 
an ageing population of low-income communities. This 
holistic approach integrates the SDGs of poverty eradication 
(1), good health and wellbeing (3), decent work and 
economic growth (8), and reduced inequalities (10)  (United 
Nations, 2015). Thus, the study portrays far-reaching 
implications to formulate national policies and action plans 
to ensure a healthy ageing population within the context of 
global warming.  

  

VI. CONCLUSION  

This study appraises the physical attributes of the ageing-
in-place built environment and the thermal experience of an 
elderly population. The selected cohort of elders is 
permanently living in Mattakuliya GN division which 
contains the highest number of elders in the Colombo DS 
division. A questionnaire survey and simultaneous onsite 
experimental investigation were performed during the hot 
weather condition to obtain the infrared thermal image of 
elders.   

Thus, the analysis prioritizes the relationship between the 
mean skin temperature of respondent elders, their socio-
economic status, and the built environment of the house they 
live. The analysis explicitly demonstrates the elders are with 

a mean skin temperature of 34.9°C. Which is 1.9°C above a 
healthy adult. Furthermore, elders living in detached houses 
are experiencing an increased MST level than the mean MST, 
which makes them more vulnerable to extreme heat.  

In addition, the elders are experiencing varying health 
issues, and more than one-fourth of the cohort are suffering 
from two or more long-term illnesses. One of the major 
causes is their economic status and deprived lifestyle and 
housing conditions with the less usable area, inappropriate 
number of windows, and structure of the building envelope. 
Which has resulted in overheated interiors with unacceptable 
levels of ventilation and air movement.  

Though this study has been limited to an investigation of a 
single thermal image of elders during the hottest time of the 
day, a 24-hour monitoring cycle continued for several days is 
essential for a comprehensive appraisal of the heat stress 
condition of elders. Thus, further studies will follow an 
investigation of sweating rate and ventilation level with a 
thermal comfort analysis for personal exposure assessment.  
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