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ABSTRACT

Thermal comfort for the elderly is severely challenged by factors such as reduced self-regulation
and poor health. However, there are few summaries on thermal comfort in the elderly, which
hinder our understanding of their thermal comfort needs. This study employs a systematic
literature review methodology, in which articles on specific topics were identified through keyword
searches, yielding 73 publications. A cross-thematic analysis was conducted to summarize the
factors influencing thermal comfort among the elderly, along with the corresponding data
collection techniques and evaluation approaches. This study selects articles on specific topics
using keywords, conducts cross-analysis, and summarizes the influencing factors, data collection
methods, and evaluation methods related to thermal comfort for the elderly. The review identifies
that the primary influences on thermal comfort in the elderly encompass physical, physiological,
psychological, and socio-cultural factors. Physical and physiological factors are measured through
direct assessment or simulation, whereas psychological and socio-cultural factors are derived
from subjective surveys. Currently, simulation, measurement, and subjective surveys represent
the predominant data collection methods for assessing thermal comfort. This review provides a
comprehensive understanding of the key elements of thermal comfort for older adults and can
create a better outdoor environment for them.

Keywords: Data method, Elder-friendly outdoor spaces, Influence factors, Outdoor thermal
comfort, The elderly.

INTRODUCTION

Outdoor thermal comfort (OTC), the state of psychological satisfaction for an individual
in relation to their surrounding thermal environment, has been defined by ASHRAE
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and respiratory diseases, and is therefore an important risk factor (Moghadamnia et al.,
2017). Furthermore, older adults exhibit significant physiological differences relative
to young adults due to aging (Browning et al., 2019). The metabolism of the human
body is decreasing with increasing age, and therefore also the production of inner heat
(Aghamolaei & Lak, 2023). The elderly exhibit a different thermal response than the
younger population and require warmer ambient conditions or additional insulation
to achieve thermal balance (Larriva et al., 2023). The aging process also results in a
decline in cutaneous thermoreceptor concentration, leading to reduced perception of
environmental temperature changes (Giamalaki & Kolokotsa, 2019). Hence, older
adults typically require greater temperature differences to perceive thermal discomfort
(Aghamolaei & Lak, 2023). In addition, reduced physiological function reduces their
ability or willingness to take immediate behavioural action to thermoregulate, leading to
notable variations in adaptive thermal comfort behaviours across ages (Lai et al., 2020).
Furthermore, the density of thermoreceptors in the skin declines with age, reducing
sensitivity to temperature fluctuations (Giamalaki & Kolokotsa, 2019). As a result, greater
temperature differentials are often required for the elderly to perceive “cold” or “heat”
sensations (Aghamolaei & Lak, 2023).

The evaluation of people’s thermal comfort in outdoor spaces results from multiple
factors. Factors affecting human OTC include physical, physiological, psychological,
and social factors (Lai et al., 2019). Physical and physiological factors are the primary
determinants, and their relevant data can often be measured. Psychological and social
factors are indirect influences, and the appropriate research is primarily qualitative at
present (Lai et al., 2020). There are two approaches to investigating OTC studies. Firstly,
objective data for OTC studies were obtained using measurements or simulations, which
were then used to evaluate or modify the indicators. Secondly, multiple regression analyses
were conducted using subjective and objective data to understand OTC comprehensively
(Coccolo et al., 2016). These factors are universal and apply equally to older people,
although existing studies are mainly described for all-aged groups.

Vegetation is the “natural” solution for cooling and the most effective outdoor
cooling measure (Zou & Zhang, 2021). Trees not only influence the physical factors
of the outdoor thermal environment (An et al., 2021), but also improve physiological
indicators of the human body, lowering heart rate, blood pressure, and skin temperature
(Abdullah et al., 2022), and also enhances one’s psychological state (Cheng et al., 2022),
thus affecting thermal comfort. Vegetation can adapt to improve the thermal environment
of older adults in two ways: through structure and function (Browning et al., 2019).
Leaves can reduce solar radiation through shading, thereby significantly reducing the heat
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load on their surroundings (Zhao et al., 2023). Studies have shown that green spaces help
regulate physiological cardiac responses among older adults, including reduced heart rate
and blood pressure, accompanied by improved mood (Yuan et al., 2023). These physical
and mental advantages enable older adults to tolerate a broader range of temperatures,
compensating for the reduced thermoregulatory efficiency associated with advancing age
(Du et al., 2024).

However, the literature on older adults still exhibits several significant gaps, such
as limited geographic coverage, few studies on thermal comfort among older adults,
and a focus primarily on urban parks, streets, and urban blocks (Ding et al., 2023; Ma
et al., 2021). Rural areas, as well as conventional towns, remain less studied. Previous
research has shown that older adults living in cities have much greater heat vulnerability
than those living outside cities (Li et al., 2023; Wu et al., 2023). Older people living in
the countryside are shown to prefer more natural ventilation and wear warmer clothing,
and have higher metabolism due to more physical activity (Xiong et al., 2019); Yuan
et al. (2023) have pointed out a discrepancy between them, such that findings on older
adults living in urban communities cannot be directly transferred to those living in rural
regions. Methodologically, current studies primarily rely on physiological parameters to
assess thermal comfort among older adults, often overlooking important psychological
and sociocultural factors (Hami et al., 2019; Lai et al., 2019). Studies have shown that
psychosocial factors play an important role in determining thermal sensation among older
adults (Deng et al., 2020; Klemm et al., 2015). Thus, there is an urgent need for more
comprehensive investigations of thermal comfort among the elderly population to better
understand systematic differences across regions, the built environment, and contributing
factors.

METHODOLOGY

Literature Search Strategy

This study was conducted as an extensive, methodical literature search following
PRISMA 2020 guidelines (Page et al., 2021) to ensure neutrality, transparency, quality,
and reproducibility of articles on thermal comfort in outdoor environments among older
adults, using three primary databases: WOS, Scopus, and Google Scholar. We conducted
our search over the past decade (2015-2024). Boolean operators were used systematically
for combining keywords such as age group (“elderly”, “old age”, “senior citizen”, “elderly
people”, “seniors”), main topics of investigation (‘“outdoor thermal environment”,
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“thermal environments”, “outdoor climate”, “outdoor thermal conditions”), and important
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driving factors (‘“vegetation”, “forest cover”, “green spaces”).
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Literature Screening

In order to ensure the quality and relevance of included papers, we followed up with
a series of selection steps after our first round of searching for relevant papers. Firstly,
removing duplicate articles. We then reviewed the titles and abstracts of all articles for
consistency with our inclusion and exclusion criteria: field trials and experiments with
well-defined approaches to information collection, component analysis, or comfort
models. In the final filter, we excluded studies that examined only indoor temperatures;
cross-cohort studies without a dedicated older adults group; and other published or
unpublished works. After careful filtering, we identified 73 scientific articles for detailed
review. Data were organized by theme to use thematically aligned categories across all
microclimate parameter types simultaneously.

This systematic review encompasses three dimensions: climatic variables,
physiological responses, and psychological perceptions. It integrates commonly employed
methodologies for data collection and analysis, enabling a comprehensive assessment of
how various elements of urban green spaces collectively influence thermal perceptions
among elderly populations through the dual perspectives of cooling effects and affective

impacts.
Identification Records identified through database searching
(n=1235)
) 4
Records after duplicates removed Duplicates removed
(n=586) (n=649)
\ 4
= Records screened(Title/Abstract) Records excluded
screening (n=353) > (n=233)
\ 4
. Full-text articles assessed for eligibility Full-text articles excluded
Eligbity (n=115) with reasons(n=42)
Lack of quantitative data
(n=20)
v Not outdoor environment
(n=12)
Full-text articles assessed for eligibility Exclusive of the elderly
Included X
(n=115) population (n=10)

Figure 1. PRISMA 2020 Flow Diagram

122 Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026)



A Review on the Methods Used in the Study of Thermal Comfort for the Elderly

RESULTS

Influence factors

Outdoor Thermal Comfort (OTC) is vital to people’s health and happy lives (Anders et
al., 2023). Exploring the factors influencing OTC is of great significance for improving
the understanding of thermal comfort. Studies by Das and Subudhi (2022) and Lai et
al. (2019) identified four main categories of factors affecting human OTC: physical,
physiological, psychological, and social and cultural factors, as shown in Table 1. Physical
and physiological factors are direct influences whose relevant data can often be measured
directly. Psychological and social factors are indirect influences, for which research is
primarily qualitative at present (Lai et al., 2020).

Table 1
Outdoor Thermal Comfort Influence Factors
Main Factors Sub-factors
Direct Physical Factors Air Temperature Wind
Factors Thermal Radiation Relative Humidity
Physiological Factors ~ Gender Metabolic Rate
Age Clothing Resistance
Skin Temperature Thermal Exposure
Heart Rate Blood Pressure
Indirect Psychological Factors ~ Thermal Experience Activity Characteristics
Factors Thermal Expectations Satisfaction

Thermal Perception
Social & Cultural Climate Zone Economy
Factors Topography Social
Traditions and Customs

(Source: Das & Subudhi, 2022; Lai et al., 2019)
Physical factors

The main factor affecting individual thermal comfort is the surrounding microclimate
environment, also known as a thermal environment. Heat convection, radiation, and
evaporation functions between the human body and the surrounding environment depend
significantly on the thermal environment (Lindner-Cendrowska & Blazejczyk, 2018).
It consists of eight leading indicators: solar radiation, wind, temperature, humidity,
barometric pressure, precipitation, radiation balance, and surface parameters (Bartesaghi-
Koc et al., 2020). As shown in Figure 2, solar radiation, air temperature (Ta), relative
humidity (RH), and wind (Va) have a direct and significant impact on human thermal
comfort. The experimental studies by Huang et al. (2023) and Kang et al. (2017) identified
these four physical parameters, and the results indicate that these parameters significantly
affect the thermal environment, as shown in Table 2.
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Outdoor Microclimate Physical Parameters

Air
Temperature

Thermal Relative

Radiation Humidity
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Figure 2. Physical parameters of outdoor microclimate
Table 2
The influence of physical factors on outdoor thermal comfort
Parameters Summary Reference
Outdoor thermal comfort is most significantly (Chen et al., 2018; Tsitoura et
Temperature .
affected by air temperature. al., 2014)
Thermal o . o (Liu et al., 2016; Shih et al.,
o The most significant factor is radiation.
Radiation 2017)
. . (Kriiger & Rossi, 2011; Li et al.,
Wind has a greater influence than other factors. .
Wind 2020; Liu et al., 2022)
in
Wind and radiation are equally important to the (Hong & Lin, 2015; Lau et al.,
human body. 2019)
Most of the time, the effect of humidity is .
... . . . (Chow et al., 2016; Sobolewski
Humidity negligible, except in extremely high or low

et al., 2021)
temperatures.

(Source: Lai et al., 2019)

(1) Thermal radiation: Thermal radiation exerts a profound influence on OTC
(Ji et al., 2022). The radiative heat stress experienced by the human body is typically
quantified through the Mean Radiant Temperature (Tmrt). In complex outdoor settings,
this is characterized by short-wave solar radiation as the primary source, with long-wave
radiation emitted by surrounding surfaces and objects (Shih et al., 2017). As illustrated in
Figure 2, Tmrt denotes the weighted average of all surface temperatures that contribute
to radiative heat exchange with the human body (Guo et al., 2022). Furthermore, solar
radiation is the primary determinant of the broader thermal environment. It significantly
modulates secondary climatic parameters, including air temperature, humidity, wind
patterns, and precipitation (Zou & Zhang, 2021). Meanwhile, radiation patterns become
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a decisive factor in urban design, dictating critical parameters such as site selection,
building layout, orientation, and building spacing to optimize the microclimate (Bande et
al., 2019; Rahman et al., 2020).

solar Short-wave Long-wave Surface
radiation radiation radiation ) temperature
I I
v

Mean radiant temperature

|

[ Thermal radiation ]

Figure 3. Thermal radiation composition

Figure 3 demonstrates that solar radiation is the main factor determining the thermal
environment. It shows that sunlight significantly affects other climatic factors, such as
temperature, humidity, wind, and precipitation, and thus plays a critical role in determining
the location and layout of urban planning and the orientation and spacing of buildings
(Zou & Zhang, 2021).

(2) Air temperature (Ta): Ta has a significant impact on OTC (Chen et al., 2018). The
temperature range is between 25-37 °C, people are not sensitive to the temperature, and
when it goes beyond this range, the body feels uncomfortable or stuffy (Eggenberger et
al., 2021). Climatic regions primarily determine temperatures but are also influenced by
four factors: wind, urban geometry, road subsurface, and anthropogenic heat emissions
(Norton et al., 2015). Research indicates that the most critical parameter affecting comfort

is air temperature, followed by wind speed, solar radiation, and relative humidity (Tsitoura
etal., 2014).

(3) Wind (Va): Va also dramatically influences the environment. The heat carried
away from the surface of the human body is affected by the wind speed. The wind is
characterized by average speed, including but not limited to wind speed, wind direction,
and turbulence intensity (Roshan et al., 2020). Different outdoor wind-speed conditions
affect different aspects of human thermal comfort. Liu et al. (2022) conducted a
longitudinal study of OTC in China. They found that changes in wind speed and solar
radiation significantly affected the outdoor thermal perception of the human body. Other
scholars, e.g., have also reached similar conclusions,
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(4) Relative Humidity (RH): RH affects the human body’s heat, water, and salt
metabolism. The influence of humidity is not significant when the temperature is
moderate (Tung et al., 2014). However, when the temperature is high or low, it is crucial
for the human body’s thermal balance and sense of warmth. High humidity is the most
uncomfortable cause of high-temperature environments (Sobolewski et al., 2021).

Physiological Factors

Physiological factors refer to the responses of the human body to changes in its activities
and to dynamic changes in the external environment (Persiani et al., 2021). The influence
of outdoor thermal conditions is quantitatively evaluated primarily through physiological
parameters, and there is a strong physiological correlation between the two, which
provides the physiological basis for the objective evaluation of OTC (Lai et al., 2019).
A study by Chow et al. (2016) found a correlation between heart rate variability and
environmental comfort, which is the most notable. Meanwhile, a study by Aljawabra
and Nikolopoulou (2018) found that when the human body is in a lukewarm state, hand
skin temperature fluctuates significantly, indicating that changes in skin temperature
are closely related to OTC. The differences in the amount of activity and metabolic rate
generated by individual activities at different ages lead to differences in the evaluation
results of thermal comfort (Luo et al., 2018).

Psychological Factors

Since thermal comfort is defined as a “mental state”, people’s subjective mental state
will be a fundamental factor influencing thermal comfort. Psychological factors mainly
refer to the influence of travel purpose, travel type, thermal adaptation, and other personal
psychological effects on people’s thermal perception, thermal expectation, and thermal
experience (Bocker et al., 2016; Deng et al., 2020). As shown in Table 3, the influence of
experience, expectations, and perceptions has been confirmed in research. Psychological
factors can explain why similar objective data yield vastly different subjective thermal
sensations.

Table 3

Psychological parameters in outdoor thermal comfort

Parameters Summary Reference

Experience Past temperature experience influences the occupant’s (Cheung & Jim, 2018;
current neutral temperature. Potchter et al., 2018)

Expectation Occupants’ thermal expectations influence their thermal (Chen et al., 2018; Lam et
perceptions. al., 2018)

Perceived The more control people have over the temperature, the (Johansson et al., 2018;

control wider their thermo-neutral temperature. Lam et al., 2018)
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Psychological factors were first proposed by Nikolopoulou et al. (2001) in a study
of urban open space, and the questionnaire and theoretical prediction data differed
substantially due to their influence. As a result, psychological factors are beginning
to be emphasized for a more complete and accurate understanding of thermal comfort
(Ma et al., 2021). The common method is to use surveys, including questionnaires and
measurements. Objective environmental data and subjective thermal sensation polling
results are modeled in a linear regression model to derive a regional thermal sensation
polling model and a range of thermal comfort thresholds. Among these, subjective thermal
sensation voting results are primarily used to infer individuals’ actual thermal responses
via a questionnaire survey (Tang et al., 2022).

Social and Cultural Factors

The social environment is not a direct factor that affects the outdoor thermal environment.
However, it impacts people’s thermal comfort and is also an essential factor in determining
whether some Outdoor Spaces are accepted by the public (Kemperman & Timmermans,
2014). Social and cultural elements mainly include social organization, social customs,
economic level, historical traditions, and customs (Jiao et al., 2020). The influence of
secondary factors helps explain differences in people’s thermal comfort evaluations across
regions. For example, regional clothing, cultural concepts, and national character all affect
people’s perception of heat (Balbis-Morejon et al., 2020), thereby further influencing
perceptions of climate factors. In East Asia, whiteness is considered beautiful; people
pursue a healthy skin tone in the West (Aljawabra & Nikolopoulou, 2018). This concept
will affect differences in clothing and shading behaviour, thereby further influencing
perceptions of the sun.

Method used in the OTC

As shown in Figure 3.4, thermal comfort data are classified as objective and subjective.
Objective data include physical and physiological indicators, obtained directly via
equipment. The collection of objective data mainly includes two methods: measurement
and simulation (Das & Subudhi, 2022b; Lai et al., 2019). The measurement primarily
includes climate laboratory measurements, field measurements, and remote sensing.
Subjective data include psychological, social, and cultural indicators derived from
questionnaires, observations, interviews, and literature reviews. Objective data can be
used on its own for the correction of indices. It can also be combined with subjective
data to perform multiple regression analyses for a comprehensive understanding of OTC
(Coccolo et al., 2016).
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Figure 4. Methodology for outdoor thermal comfort
(Source: Lai et al., 2019)

Computer Simulation

Outdoor environmental factors are highly complex, and field measurements often cannot
accurately control a single impact factor to study its influence and mechanism (Toparlar
et al., 2017). Computer simulation can effectively control a single variable. Notably,
ENVI-met is a CFD-based microclimate simulation software program. Liu et al. (2021)
summarised thermal comfort studies conducted using ENVI-met in recent years, reaching
a peak of 32 in 2020. Numerous studies have shown that ENVI-met simulations exhibit a
high degree of agreement with actual measurements.

Scale Model

The outdoor climate lab comes in the form of equal-scale simulations. These LABS
provide scientists with a controlled environment that simulates various climate conditions,
enabling relevant research (Pisello et al., 2021). By conducting laboratory experiments,
researchers can assess human physiological and psychological responses under varying
Ta and RH conditions, including thermoregulatory mechanisms, heart rate changes, skin
humidity, and perceived comfort (Shafavi et al., 2020).

Remote Sensing

Remote sensing technology is primarily utilized to acquire large-scale surface temperature
characteristics in OTC research, facilitating the evaluation and optimization of urban
thermal environments (Liu et al., 2023). However, as OTC is modulated by multiple
variables including shading, Va, and RH surface temperatures derived from remote
sensing data do not comprehensively represent actual human heat exposure (Coutts et al.,
2016).
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Field Measurement

Outdoor climate parameters vary significantly from one climatic region to another and
from one point in time to another. To study the impact of a specific feature, places with
different characteristic indicators are selected, and their thermal environment parameters
are monitored. For example, Qaid et al., (2016) memeasuredhe urban thermal environment
in Putrajaya, Malaysia, wewasade along a 4-8 km route usalong whichensors mounted on
top of the vehicle.

Subjective Surveys

Questionnaires, interviews, and observations are common methods of subjective surveys,
with questionnaires being the most representative. Studies using questionnaires currently
occupy the majority (Fu et al., 2022). Questionnaires are often conducted for people in
an urban thermal environment (Lai et al., 2020). For different research purposes, there
are two sampling methods for questionnaire surveys: a horizontal survey and through
extensive data collection and statistical analysis, the average thermal perception of people
in static climate conditions is estimated (Lai et al., 2020). The other is a longitudinal study
that uses a relatively small sample to follow changes in each subject’s thermal perception
across different climates (Liu et al., 2022). These two survey methods will complement
each other in specific studies and obtain a more comprehensive understanding. In
questionnaire surveys, personal information (e.g., dress, activity, age, and gender) is
typically collected to characterize the interviewees’ composition, inform appropriate
sampling in the study, and support further classification analysis.

Evaluation Indices

For OTC, the four most commonly used metrics are Predicted Mean Vote (PMV),
Standard Effective Temperature (SET), Physiologically Equivalent Temperature (PET),
and Universal Thermal Climate Index (UTCI) (Tao et al., 2023).

A typical thermal balance model is the PMV proposed by Fanger in 1973 and the later
modified model PMV-PPD (Lai et al., 2019). Afterward, Gagge proposed SET, defined as
the condition in which the skin temperature and humidity of a person wearing standard
clothing are the same as those in the natural environment at a constant temperature and
relative humidity of 50%. However, the index calculation needs accurate human skin
temperature and humidity, which is difficult to obtain and inconvenient (Lai et al., 2019).
Subsequently, PET was proposed to address the shortcomings of the aforementioned
model. This index mainly considers the influence of the surrounding environment,
individual factors, and clothing. PET can be used to assess OTC, the air temperature
at which human skin and body temperatures reach a thermal state comparable to that
of a typical indoor environment when outdoor ambient conditions reach a certain range
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(Potchter et al., 2022). In 2009, under the organization of the International Biometrical
Society, the UTCI, based on a multi-node model, was established. The results show that
UTCI is more accurate and comprehensive than other indicators in evaluating different
climatic regions, different weather conditions, and different time points (Blazejczyk et
al., 2012).

At present, the PET index is the most widely used index for evaluating outdoor
thermal environments. An analysis of 117 studies spanning from 2001 to 2017 summarized
the prevalent thermal comfort models utilized. The study revealed that four key models,
PET, PMV, UTCI, and SET, collectively comprised 53.3% of the studies’ methodologies.
Notably, PET emerged as the most frequently applied model, accounting for 30.2% of
the total usage, showcasing its prominence in the field. The index facilitates objective
evaluation of human thermal comfort in complex environments, yielding more reliable
scientific results (Potchter et al., 2022).

However, in light of physiological characteristics such as reduced metabolic rate and
diminished sensory perception in older adults, the existing thermal comfort evaluation
framework is undergoing pivotal refinements (An et al., 2021). Regarding metric
adjustments, the Adapted Universal Thermal Climate Index (UTCI) has significantly
lowered the comfort threshold to account for the elderly population’s heightened sensitivity
to cold and reduced heat tolerance in severely cold regions. From a modeling perspective,
researchers recommend adopting narrower comfort bounds to recalibrate conventional
adaptive models (Jiao et al., 2020). Most notably, the integration of neurophysiological
monitoring represents a breakthrough: electroencephalography (EEG) data have been
validated as an objective and real-time measure of thermal comfort and psychological
stress in older adults, thereby effectively overcoming the latency inherent in subjective
questionnaire-based assessments (Ma et al., 2023).

DISCUSSIONS
Thermal Comfort Characteristics of the Elderly

Research on thermal comfort and adaptation of the elderly began in countries that took
the lead in aging, such as the United States, France, and Japan (van Cauwenberg et al.,
2018). The research scope primarily encompasses differences in thermal comfort between
the elderly and the young, the elderly’s sensitivity to temperature and climate change, the
applicability of thermal comfort indices to the elderly, and the elderly’s thermal adaptation
behavior (Jiao & Yu, 2019).

The theoretical origin of the influence of trees on the thermal comfort of the elderly
can be traced back to de Dear’s thermal adaptability theory in 1998 (de Dear & Brager,
1998). After integrating a large amount of experimental data from ASHERS, he formally
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proposed the adaptive thermal comfort mechanism. This mechanism holds that people
are not passively affected by the environment but actively regulate their own body
temperature to achieve thermal comfort. Psychological regulation is a key regulatory
mechanism (Nikolopoulou & Steemers, 2003). It mainly consists of factors such as
thermal expectation, thermal experience, and thermal satisfaction (Lai et al., 2020).

In early research on human thermal comfort dating back to 1967, it was found that
older people have a lower neutral temperature than young adults. According to ASHRAE,
older adults prefer higher air temperatures but also have a lower neutral temperature than
younger adults (Liu et al., 2018). Similar findings have been reported by Baquero et al.
(2023). They found that older adults are less comfortable than younger adults due to
limited ability to adapt to environmental changes, as well as altered physiological and
psychological characteristics, such as low metabolic rate and poor heat-regulation capacity.
Separately from this work, Schellen et al. (2010) explored differences in thermal comfort
across age groups in a naturally ventilated environment, suggesting that environmental
temperature strongly influences older users’ perception of thermal sensation and that
skin temperature is an important factor influencing younger users’ perception as well.
In other research, Daanen and Herweijer (2015), who investigated 16 subjects from both
young and old groups, found that the latter had lower sweat rates at elevated ambient
temperatures. Yuan et al. (2020) conducted a comparative study of 225 people in Dalian,
a cold region of China, and found that older people prefer cold thermal environments.

However, research on thermal comfort among older adults remains relatively
limited, and the consistency of results is poor. Their research process is evaluated mainly
by physical and physiological factors (Lai et al., 2020). Research on subjective factors
has rarely been addressed (Jiao & Yu, 2019). Therefore, further research is needed to
incorporate subjective factors to more accurately characterize thermal comfort among
older adults.

Vegetation Improves Thermal Comfort for the Elderly

Vegetation has a positive effect on older adults’ OTC. Firstly, vegetation is the most
effective of the outdoor cooling measures (Zou & Zhang, 2021). Cross-regional studies
have consistently demonstrated that trees effectively mitigate ground-level thermal load
by intercepting shortwave radiation, minimizing longwave radiative exchange, and
enhancing evaporative cooling through reduced water consumption. Sodoudi et al. (2018)
concluded that trees with high canopies can increase PET by more than 15 °C, confirming
the substantial improvement in thermal comfort provided by trees. Similar effects have
been confirmed in Wang et al. (2022), Sun et al. (2017), and Wang and Akbari (2016),
whose studies all suggest that tall trees can effectively reduce thermal stress.
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Furthermore, vegetation is aesthetically pleasing and psychologically calming for
occupants, which, in turn, may positively affect their perceived thermal comfort. The
results from Lenzholzer and De Vries’s study (2020) were corroborated by Yan et al.
(2023)’s finding that pleasant outdoor environments could improve occupants’ mood,
as mood acts as an intermediary variable between outdoor environment and occupants’
thermal perception. consistently matches the findings from other studies. Li et al. (2022)
reported similar findings, showing that vegetation can create a mental “coolness” bias
in cities for many people. This holds even when the weather is not cool; the aesthetic
appeal of trees creates an impression that it is cooler outside and thus encourages people
to go out (Qiu et al., 2021). Elderly people prefer water bodies and semi-shaded spaces
(Klemm et al., 2015). They also found the highest perceived thermal comfort scores when
both trees and garden designs are involved. A more diverse landscape provides greater
perceptual experiences, increasing positive feelings, which in turn lead to better thermal
evaluations. This is also confirmed by Liu et al. (2021).

However, previous research failed to explore the influence of mental mechanisms
caused by plants on thermal comfort in old age, specifically: how tree arrangements — in
terms of size and placement in the environment, and specific design features — influence
the thermoregulatory responses and comfort of older people.

Implications for Urban Planning and Landscape Design

In the planning of cities or parks for older adults, it is necessary to pay particular attention
to the selection of trees and other plants, taking into account the specific conditions
required by these users’ physical and cognitive abilities. Regarding tree selection,
deciduous tree varieties with tall trunks and broad leaves are desirable, as they provide
shade during the summer months while allowing solar access in winter for common
spaces (Deng et al., 2023). Previous studies have shown that linear tree arrangement
is more effective than clustering planting in alleviating thermal discomfort (Zhao et
al., 2018). Psychologically, planners must consider the use of bright-colored plants and
symbolic meanings in therapeutic landscapes (which could enhance heat resistance and
mental well-being via visual stimulus (Lu et al., 2021). Additionally, it is important to
recognize that older adults in different climatic regions exhibit distinct thermal responses,
necessitating consideration of regional experience and adaptability in plant configuration
(Lai et al., 2019).

CONCLUSION

This study reviews factors influencing thermal sensation in older adults in outdoor settings
and the methods used in the current literature to assess these factors. Although previous
work has identified physiological effects of the three dimensions of thermal comfort,
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there are significant differences between older and younger generations. Regarding study
methodology, the most recent literature focuses on quantifying weather, environmental,
and behavioral effects, but not on mental health outcomes or cultural and social factors,
which are also poorly understood and warrant greater research attention.

Trees are one of the most important natural elements that regulate ambient temperature.
Most prior literature has focused on how trees respond to the abiotic environment; recent
studies show that they positively affect psychological well-being in older age and thereby
improve thermal comfort. This important but often overlooked topic in thermal comfort
research has recently attracted the attention of specific research communities, including
healing gardens and phytotherapeutic landscaping.

Future aging planning and design should move beyond conventional physical parameter
studies and prioritize integrating precise shading strategies with multisensory landscape
interventions to compensate for the diminished thermoregulatory capacity in older adults.
Particular emphasis must be placed on environmental equity, with targeted approaches for
underserved elderly populations in rural communities and disadvantaged urban districts,
as current research inadequately addresses these demographic segments.

Research contributions

GP was responsible for screening and reviewing the articles. GP prepared a draft
of the manuscript. AAG was responsible for establishing the concept of the full text,
implementing it, and checking the content. LBY and AJG were involved in supervising
and proofreading the paper.

ACKNOWLEDGMENTS

This article is part of a PhD study by the first author at the Faculty of Design and
Architecture, Universiti Putra Malaysia.

REFERENCES

Abdullah, A. Y. M., Law, J., Perlman, C. M., & Butt, Z. A. (2022). Age- and sex-specific association between
vegetation cover and mental health disorders: Bayesian spatial study. JMIR Public Health and
Surveillance, 8(7), €34782. https://doi.org/10.2196/34782

Aghamolaei, R., & Lak, A. (2023). Outdoor thermal comfort for active ageing in urban open spaces: Reviewing
the concepts and parameters. Ageing International, 48(2), 438—451. https://doi.org/10.1007/s12126-
022-09482-w

Aljawabra, F., & Nikolopoulou, M. (2018). Thermal comfort in urban spaces: A cross-cultural study in the hot
arid climate. International Journal of Biometeorology, 62(10), 1901-1909. https://doi.org/10.1007/
s00484-018-1592-5

An, L., Hong, B., Cui, X., Geng, Y., & Ma, X. (2021). Outdoor thermal comfort during winter in China’s cold
regions: A comparative study. Science of The Total Environment, 768, Article 144464. https://doi.
org/10.1016/j.scitotenv.2020.144464

Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026) 133



Gao Peng, Azmiah Abd Ghafar, Lee Bak Yeo and Aini Jasmin Ghazalli

Anders, J., Schubert, S., Sauter, T., Tunn, S., Schneider, C., & Salim, M. (2023). Modelling the impact of
an urban development project on microclimate and outdoor thermal comfort in a mid-latitude city.
Energy and Buildings, 296, Article 113324. https://doi.org/10.1016/j.enbuild.2023.113324

Balbis-Morejon, M., Rey-Hernandez, J. M., Amaris-Castilla, C., Velasco-Goémez, E., San José-Alonso, J. F.,
& Rey-Martinez, F. J. (2020). Experimental study and analysis of thermal comfort in a university
campus building in tropical climate. Sustainability, 12(21), Article 8886. https://doi.org/10.3390/
sul2218886

Bande, L., Afshari, A., Masri, D. A., Jha, M., Norford, L., Tsoupos, A., Marpu, P., Pasha, Y., & Armstrong,
P. (2019). Validation of UWG and ENVI-met models in an Abu Dhabi district, based on site
measurements. Sustainability, 11(16), Article 4378. https://doi.org/10.3390/sul1164378

Baquero, M. T., Vergés, R., Gaspar, K., & Forcada, N. (2023). A field investigation of the thermal comfort of
older adults in cold winter climates. Indoor Air, 2023, 1-14. https://doi.org/10.1155/2023/9185216

Bartesaghi-Koc, C., Osmond, P., & Peters, A. (2020). Quantifying the seasonal cooling capacity of ‘green
infrastructure types’ (GITs): An approach to assess and mitigate surface urban heat island in
Sydney, Australia. Landscape and Urban Planning, 203, Article 103893. https://doi.org/10.1016/j.
landurbplan.2020.103893

Blazejczyk, K., Epstein, Y., Jendritzky, G., Staiger, H., & Tinz, B. (2012). Comparison of UTCI to selected
thermal indices. International Journal of Biometeorology, 56(3), 515-535. https://doi.org/10.1007/
s00484-011-0453-2

Bocker, L., Dijst, M., & Faber, J. (2016). Weather, transport mode choices and emotional travel experiences.
Transportation Research Part A: Policy and Practice, 94, 360-373. https://doi.org/10.1016/].
tra.2016.09.021

Browning, M. H. E. M., Lee, K., & Wolf, K. L. (2019). Tree cover shows an inverse relationship with
depressive symptoms in elderly residents living in U.S. nursing homes. Urban Forestry & Urban
Greening, 41, 23-32. https://doi.org/10.1016/j.ufug.2019.03.002

Chen, X., Xue, P, Liu, L., Gao, L., & Liu, J. (2018). Outdoor thermal comfort and adaptation in severe cold
area: A longitudinal survey in Harbin, China. Building and Environment, 143, 548-560. https://doi.
org/10.1016/j.buildenv.2018.07.041

Cheng, Y., Liu, X., Zeng, Z., Liu, S., Wang, Z., Tang, X., & He, B.-J. (2022). Impacts of water bodies
on microclimates and outdoor thermal comfort: Implications for sustainable rural revitalization.
Frontiers in Environmental Science, 10, Article 940482. https://doi.org/10.3389/fenvs.2022.940482

Cheung, P. K., & Jim, C. Y. (2018). Subjective outdoor thermal comfort and urban green space usage in
humid-subtropical Hong Kong. Energy and Buildings, 173, 150-162. https://doi.org/10.1016/].
enbuild.2018.05.029

Chow, W.T. L., Akbar, S. N. A. B. A., Heng, S. L., & Roth, M. (2016). Assessment of measured and perceived
microclimates within a tropical urban forest. Urban Forestry & Urban Greening, 16, 62—75. https://
doi.org/10.1016/j.ufug.2016.01.010

Coccolo, S., Kampf, J., Scartezzini, J.-L., & Pearlmutter, D. (2016). Outdoor human comfort and thermal
stress: A comprehensive review on models and standards. Urban Climate, 18, 33-57. https://doi.
org/10.1016/j.uclim.2016.08.004

134 Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026)



A Review on the Methods Used in the Study of Thermal Comfort for the Elderly

Coutts, A. M., Harris, R. J., Phan, T., Livesley, S. J., Williams, N. S. G., & Tapper, N. J. (2016). Thermal
infrared remote sensing of urban heat: Hotspots, vegetation, and an assessment of techniques for
use in urban planning. Remote Sensing of Environment, 186, 637-651. https://doi.org/10.1016/;.
1se.2016.09.007

Daanen, H. A. M., & Herweijer, J. A. (2015). Effectiveness of an indoor preparation program to increase
thermal resilience in elderly for heat waves. Building and Environment, 83, 115-119. https://doi.
org/10.1016/j.buildenv.2014.04.010

Das, S., & Subudhi, S. (2022). A review on different methodologies to study thermal comfort. International
Journal of Environmental Science and Technology, 19(3), 2155-2171. https://doi.org/10.1007/
s13762-021-03210-8

de Dear, R. J., & Brager, G. S. (1998). Developing an adaptive model of thermal comfort and preference.
ASHRAE Transactions, 104, 0-19.

Deng, L., Li, X., Luo, H., Fu, E.-K., Ma, J., Sun, L.-X., Huang, Z., Cai, S.-Z., & Jia, Y. (2020). Empirical
study of landscape types, landscape elements and landscape components of the urban park promoting
physiological and psychological restoration. Urban Forestry & Urban Greening, 48, Article 126488.
https://doi.org/10.1016/j.ufug.2019.126488

Deng, X.,Nie, W., Li, X., Wu,J., Yin, Z., Han, J., Pan, H., & Lam, C. K. C. (2023). Influence of built environment
on outdoor thermal comfort: A comparative study of new and old urban blocks in Guangzhou. Building
and Environment, 234, Article 110133. https://doi.org/10.1016/j.buildenv.2023.110133

Ding, F., Zheng, Y., Zhu, J., & Li, C. (2023). Sustainable well-being of rural environment: Elderly-oriented
evaluation of outdoor public space design in suburban villages—A case study of Beijing. Journal of
Design Service and Social Innovation, 34-55. https://doi.org/10.59528/ms.jdssi2023.1230a12

Du, M., Wang, Y., Zhang, Y., Nian, X., & Hong, B. (2024). How outdoor horticultural activities affect elderly
adults’ thermal, physiological and psychological responses: A field study. International Journal of
Biometeorology, 68(7), 1-14. https://doi.org/10.1007/s00484-024-02663-z

Eggenberger, P., Biirgisser, M., Rossi, R. M., & Annaheim, S. (2021). Body temperature is associated
with cognitive performance in older adults with and without mild cognitive impairment: A cross-
sectional analysis. Frontiers in Aging Neuroscience, 13, Article 585904. https://doi.org/10.3389/
fnagi.2021.585904

Giamalaki, M., & Kolokotsa, D. (2019). Understanding the thermal experience of elderly people in their
residences: Study on thermal comfort and adaptive behaviors of senior citizens in Crete, Greece.
Energy and Buildings, 185, 76-87. https://doi.org/10.1016/j.enbuild.2018.12.025

Guo, F., Wang, Z., Dong, J., Zhang, H., Lu, X., Lau, S. S. Y., & Miao, Y. (2022). Spatial differences in outdoor
thermal comfort during the transition season in cold regions of China. Buildings, 12(6), Article 720.
https://doi.org/10.3390/buildings12060720

Hami, A., Abdi, B., Zarehaghi, D., & Maulan, S. B. (2019). Assessing the thermal comfort effects of green
spaces: A systematic review of methods, parameters, and plants’ attributes. Sustainable Cities and
Society, 49, Article 101634. https://doi.org/10.1016/j.s¢s.2019.101634

Hong, B., & Lin, B. (2015). Numerical studies of the outdoor wind environment and thermal comfort at
pedestrian level in housing blocks with different building layout patterns and trees arrangement.
Renewable Energy, 73, 18-27. https://doi.org/10.1016/j.renene.2014.05.060

Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026) 135



Gao Peng, Azmiah Abd Ghafar, Lee Bak Yeo and Aini Jasmin Ghazalli

Huang, A., Liu, B., Zhang, A., & Zhan, J. (2023). Coordinated development of rural habitat in China: A study
of measurement, spatio-temporal evolution and convergence. Journal of Cleaner Production, 398,
Article 136651. https://doi.org/10.1016/j.jclepro.2023.136651

Ji, Y., Song, J., & Shen, P. (2022). A review of studies and modelling of solar radiation on human thermal
comfort in outdoor environment. Building and Environment, 214, Article 108891. https://doi.
org/10.1016/j.buildenv.2022.108891

Jiao, Y., & Yu, H. (2019). The research on thermal comfort and thermal environment of the older people.
Tongji University Press.

Jiao, Y., Yu, H., Yu, Y., Wang, Z., & Wei, Q. (2020). Adaptive thermal comfort models for homes for older
people in Shanghai, China. Energy and Buildings, 215, Article 109918. https://doi.org/10.1016/].
enbuild.2020.109918

Johansson, E., Yahia, M. W., Arroyo, 1., & Bengs, C. (2018). Outdoor thermal comfort in public space in
warm-humid Guayaquil, Ecuador. International Journal of Biometeorology, 62(3), 387-399. https://
doi.org/10.1007/s00484-017-1329-x

Kang, G., Kim, J.-J., Kim, D.-J., Choi, W., & Park, S.-J. (2017). Development of a computational fluid
dynamics model with tree drag parameterizations: Application to pedestrian wind comfort in an urban
area. Building and Environment, 124, 209-218. https://doi.org/10.1016/j.buildenv.2017.08.008

Kemperman, A., & Timmermans, H. (2014). Green spaces in the direct living environment and social contacts
of the aging population. Landscape and Urban Planning, 129, 44-54. https://doi.org/10.1016/j.
landurbplan.2014.05.003

Klemm, W., Heusinkveld, B. G., Lenzholzer, S., Jacobs, M. H., & Van Hove, B. (2015). Psychological
and physical impact of urban green spaces on outdoor thermal comfort during summertime in the
Netherlands. Building and Environment, 83, 120—128. https://doi.org/10.1016/j.buildenv.2014.05.013

Kiriiger, E. L., & Rossi, F. A. (2011). Effect of personal and microclimatic variables on observed thermal
sensation from a field study in southern Brazil. Building and Environment, 46(3), 690—-697. https://
doi.org/10.1016/j.buildenv.2010.09.013

Lai, D., Lian, Z., Liu, W., Guo, C., Liu, W., Liu, K., & Chen, Q. (2020). A comprehensive review of thermal
comfort studies in urban open spaces. Science of the Total Environment, 742, Article 140092. https://
doi.org/10.1016/j.scitotenv.2020.140092

Lai, D., Liu, W., Gan, T., Liu, K., & Chen, Q. (2019). A review of mitigating strategies to improve the thermal
environment and thermal comfort in urban outdoor spaces. Science of the Total Environment, 661,
337-353. https://doi.org/10.1016/j.scitotenv.2019.01.062

Lam, C. K. C., Loughnan, M., & Tapper, N. (2018). Visitors’ perception of thermal comfort during extreme
heat events at the Royal Botanic Garden Melbourne. International Journal of Biometeorology, 62(1),
97-112. https://doi.org/10.1007/s00484-015-1125-4

Larriva, M. T. B., & Garcia, E. H. (2023). Influence of microclimate on older peoples’ outdoor thermal
comfort and health during autumn in two European cities. Designs, 7(1), Article 27. https://doi.
org/10.3390/designs7010027

Lau, K. K.-L., Shi, Y., & Ng, E. Y.-Y. (2019). Dynamic response of pedestrian thermal comfort under
outdoor transient conditions. International Journal of Biometeorology, 63(7), 979-989. https://doi.
org/10.1007/s00484-019-01712-2

136 Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026)



A Review on the Methods Used in the Study of Thermal Comfort for the Elderly

Lenzholzer, S., & De Vries, S. (2020). Exploring outdoor thermal perception—A revised model. International
Journal of Biometeorology, 64(2), 293-300. https://doi.org/10.1007/s00484-019-01777-z

Li, J., Niu, J., Mak, C. M., Huang, T., & Xie, Y. (2020). Exploration of applicability of UTCI and thermally
comfortable sun and wind conditions outdoors in a subtropical city of Hong Kong. Sustainable Cities
and Society, 52, Article 101793. https://doi.org/10.1016/j.s¢s.2019.101793

Li, W., Wu, J., Xu, W., Zhong, Y., & Wang, Z. (2022). How thermal perceptual schema mediates landscape
quality evaluation and activity willingness. International Journal of Environmental Research and
Public Health, 19(20), Article 13681. https://doi.org/10.3390/ijerph192013681

Li, Y, Gu, Y., Li, Z., Zhang, X., Gao, W., & Xiao, F. (2023). Study on the challenge and influence of the
built thermal environment on elderly health in rural areas: Evidence from Shandong, China. Building
Simulation, 16(8), 1345-1360. https://doi.org/10.1007/s12273-023-1013-5

Lindner-Cendrowska, K., & Blazejczyk, K. (2018). Impact of selected personal factors on seasonal variability
of recreationist weather perceptions and preferences in Warsaw (Poland). International Journal of
Biometeorology, 62(1), 113—125. https://doi.org/10.1007/s00484-016-1220-1

Liu, J., Wei, Y., Lu, S., Wang, R., Chen, L., & Xu, F. (2021). The elderly’s preference for the outdoor
environment in Fragrant Hills Nursing Home, Beijing: Interpreting the visual-behavioural relationship.
Urban Forestry & Urban Greening, 64, Article 127242. https://doi.org/10.1016/j.ufug.2021.127242

Liu, K., Lian, Z., Dai, X., & Lai, D. (2022). Comparing the effects of sun and wind on outdoor thermal
comfort: A case study based on longitudinal subject tests in cold climate region. Science of the Total
Environment, 825, Article 154009. https://doi.org/10.1016/j.scitotenv.2022.154009

Liu, W., Zhang, Y., & Deng, Q. (2016). The effects of urban microclimate on outdoor thermal sensation and
neutral temperature in hot-summer and cold-winter climate. Energy and Buildings, 128, 190-197.
https://doi.org/10.1016/j.enbuild.2016.06.086

Liu, Z., Zheng, S., & Zhao, L. (2018). Evaluation of the ENVI-Met vegetation model of four common tree
species in a subtropical hot-humid area. Atmosphere, 9(5), Article 198. https://doi.org/10.3390/
atmos9050198

Lu, S., Wu, F., Wang, Z., Cui, Y., Chen, C., & Wei, Y. (2021). Evaluation system and application of plants in
healing landscape for the elderly. Urban Forestry & Urban Greening, 58, Article 126969. https://doi.
org/10.1016/j.ufug.2020.126969

Luo, M., Wang, Z., Ke, K., Cao, B., Zhai, Y., & Zhou, X. (2018). Human metabolic rate and thermal comfort
in buildings: The problem and challenge. Building and Environment, 131, 44-52. https://doi.
org/10.1016/j.buildenv.2018.01.005

Ma, X., Tian, Y., Du, M., Hong, B., & Lin, B. (2021). How to design comfortable open spaces for the elderly?
Implications of their thermal perceptions in an urban park. Science of the Total Environment, 768,
Article 144985. https://doi.org/10.1016/j.scitotenv.2021.144985

Moghadamnia, M. T., Ardalan, A., Mesdaghinia, A., Keshtkar, A., Naddafi, K., & Yekaninejad, M. S. (2017).
Ambient temperature and cardiovascular mortality: A systematic review and meta-analysis. PeerJ, 3,
e3574. https://doi.org/10.7717/peerj.3574

Nikolopoulou, M., Baker, N., & Steemers, K. (2001). Thermal comfort in outdoor urban spaces: Understanding
the human parameter. Solar Energy, 70(3),227-235. https://doi.org/10.1016/S0038-092X(00)00093-1

Nikolopoulou, M., & Steemers, K. (2003). Thermal comfort and psychological adaptation as a guide for
designing urban spaces. Energy and Buildings, 35(1), 95-101. https://doi.org/10.1016/S0378-
7788(02)00084-1

Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026) 137



Gao Peng, Azmiah Abd Ghafar, Lee Bak Yeo and Aini Jasmin Ghazalli

Norton, B. A., Coutts, A. M., Livesley, S. J., Harris, R. J., Hunter, A. M., & Williams, N. S. G. (2015).
Planning for cooler cities: A framework to prioritise green infrastructure to mitigate high temperatures
in urban landscapes. Landscape and Urban Planning, 134, 127-138. https://doi.org/10.1016/j.
landurbplan.2014.10.018

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D., Shamseer, L.,
Tetzlaft, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrobjartsson,
A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., ... Moher, D. (2021). The
PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM.J, 372, n71.
https://doi.org/10.1136/bmj.n71

Persiani, S. G. L., Kobas, B., Koth, S. C., & Auer, T. (2021). Biometric data as real-time measure of
physiological reactions to environmental stimuli in the built environment. Energies, 14(1), Article
232. https://doi.org/10.3390/en14010232

Pisello, A. L., Pigliautile, 1., Andargie, M., Berger, C., Bluyssen, P. M., Carlucci, S., Chinazzo, G., Deme
Belafi, Z., Dong, B., Favero, M., Ghahramani, A., Havenith, G., Heydarian, A., Kastner, D., Kong,
M., Licina, D., Liu, Y., Luna-Navarro, A., Mahdavi, A., ... Wei, S. (2021). Test rooms to study human
comfort in buildings: A review of controlled experiments and facilities. Renewable and Sustainable
Energy Reviews, 149, Article 111359. https://doi.org/10.1016/j.rser.2021.111359

Potchter, O., Cohen, P., Lin, T.-P., & Matzarakis, A. (2018). Outdoor human thermal perception in various
climates: A comprehensive review of approaches, methods and quantification. Science of the Total
Environment, 631-632, 390—-406. https://doi.org/10.1016/j.scitotenv.2018.02.276

Potchter, O., Cohen, P., Lin, T.-P., & Matzarakis, A. (2022). A systematic review advocating a framework and
benchmarks for assessing outdoor human thermal perception. Science of the Total Environment, 833,
Article 155128. https://doi.org/10.1016/j.scitotenv.2022.155128

Qiu, L., Chen, Q., & Gao, T. (2021). The effects of urban natural environments on preference and self-
reported psychological restoration of the elderly. International Journal of Environmental Research
and Public Health, 18(2), Article 509. https://doi.org/10.3390/ijerph18020509

Rahman, M. A., Hartmann, C., Moser-Reischl, A., von Strachwitz, M. F., Paeth, H., Pretzsch, H., Pauleit,
S., & Rotzer, T. (2020). Tree cooling effects and human thermal comfort under contrasting species
and sites. Agricultural and Forest Meteorology, 287, Article 107947. https://doi.org/10.1016/j.
agrformet.2020.107947

Roshan, G., Moghbel, M., & Attia, S. (2020). Evaluating the wind cooling potential on outdoor thermal
comfort in selected Iranian climate types. Journal of Thermal Biology, 92, Article 102660. https://doi.
org/10.1016/j.jtherbio.2020.102660

Schellen, L., van Marken Lichtenbelt, W. D., Loomans, M. G. L. C., Toftum, J., & de Wit, M. H. (2010).
Differences between young adults and elderly in thermal comfort, productivity, and thermal
physiology in response to a moderate temperature drift and a steady-state condition. Indoor Air, 20(4),
273-283. https://doi.org/10.1111/j.1600-0668.2010.00657.x

Shafavi, N. S., Zomorodian, Z. S., Tahsildoost, M., & Javadi, M. (2020). Occupants visual comfort
assessments: A review of field studies and lab experiments. Solar Energy, 208, 249-274. https://doi.
org/10.1016/j.solener.2020.07.058

Shih, W.-M., Lin, T.-P., Tan, N.-X., & Liu, M.-H. (2017). Long-term perceptions of outdoor thermal
environments in an elementary school in a hot-humid climate. International Journal of Biometeorology,
61(9), 1657-1666. https://doi.org/10.1007/s00484-017-1345-x

138 Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026)



A Review on the Methods Used in the Study of Thermal Comfort for the Elderly

Sobolewski, A., Mtynarczyk, M., Konarska, M., & Bugajska, J. (2021). The influence of air humidity on
human heat stress in a hot environment. /nternational Journal of Occupational Safety and Ergonomics,
27(1), 226-236. https://doi.org/10.1080/10803548.2019.1699728

Sodoudi, S., Zhang, H., Chi, X., Miiller, F., & Li, H. (2018). The influence of spatial configuration of green
areas on microclimate and thermal comfort. Urban Forestry & Urban Greening, 34, 85-96. https://
doi.org/10.1016/j.ufug.2018.06.002

Sun, S., Xu, X., Lao, Z., Liu, W., Li, Z., Higueras Garcia, E., He, L., & Zhu, J. (2017). Evaluating the impact of
urban green space and landscape design parameters on thermal comfort in hot summer by numerical
simulation. Building and Environment, 123, 277-288. https://doi.org/10.1016/j.buildenv.2017.07.010

Tang, N., Deng, Y., Li, X., Chen, S., & Gan, D. (2022). Progress and insights in the study of outdoor thermal
comfort influencing factors. Modern Horticulture, 45(6), 192—194. https://doi.org/10.14051/j.cnki.
xdyy.2022.06.006

Tao, Z., Zhu, X., Xu, G., Zou, D., & Li, G. (2023). A comparative analysis of outdoor thermal comfort
indicators applied in China and other countries. Sustainability, 15(22), Article 16029. https://doi.
org/10.3390/su152216029

Toparlar, Y., Blocken, B., Maiheu, B., & van Heijst, G. J. F. (2017). A review on the CFD analysis of urban
microclimate. Renewable and Sustainable Energy Reviews, 80, 1613-1640. https://doi.org/10.1016/].
rser.2017.05.248

Tsitoura, M., Tsoutsos, T., & Daras, T. (2014). Evaluation of comfort conditions in urban open spaces:
Application in the island of Crete. Energy Conversion and Management, 86, 250-258. https://doi.
org/10.1016/j.enconman.2014.04.059

Tung, C., Chen, C., Tsai, K., Kantor, N., Hwang, R., Matzarakis, A., & Lin, T. (2014). Outdoor thermal
comfort characteristics in the hot and humid region from a gender perspective. International Journal
of Biometeorology, 58(9), 1927-1939. https://doi.org/10.1007/s00484-014-0795-7

Van Cauwenberg, J., Nathan, A., Barnett, A., Barnett, D. W., Cerin, E., & the CEPA Older Adults Working
Group. (2018). Relationships between neighbourhood physical environmental attributes and older
adults’ leisure-time physical activity: A systematic review and meta-analysis. Sports Medicine, 48(7),
1635-1660. https://doi.org/10.1007/s40279-018-0917-1

Wang, K., Fang, X., Ma, Y., Xue, S., & Yin, S. (2022). Assessing effects of urban greenery on the regulation
mechanism of microclimate and outdoor thermal comfort during winter in China’s cold region. Land,
11(9), Article 1442. https://doi.org/10.3390/land 11091442

Wang, Y., & Akbari, H. (2016). The effects of street tree planting on urban heat island mitigation in Montreal.
Sustainable Cities and Society, 27, 122—128. https://doi.org/10.1016/j.5¢s.2016.04.013

Wu, Y., Zhang, Z., Liu, H., Li, B., Chen, B., Kosonen, R., & Jokisalo, J. (2023). Age differences in thermal
comfort and physiological responses in thermal environments with temperature ramp. Building and
Environment, 228, Article 109887. https://doi.org/10.1016/j.buildenv.2022.109887

Xiong, J., Ma, T., Lian, Z., & de Dear, R. (2019). Perceptual and physiological responses of elderly subjects
to moderate temperatures. Building and Environment, 156, 117-122. https://doi.org/10.1016/].
buildenv.2019.04.012

Yu, Z., Yang, G., Zuo, S., Jergensen, G., Koga, M., & Vejre, H. (2020). Critical review on the cooling effect of
urban blue-green space: A threshold-size perspective. Urban Forestry & Urban Greening, 49, Article
126630. https://doi.org/10.1016/j.ufug.2020.126630

Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026) 139



Gao Peng, Azmiah Abd Ghafar, Lee Bak Yeo and Aini Jasmin Ghazalli

Yuan, T., Hong, B., Qu, H., Liu, A., & Zheng, Y. (2023). Outdoor thermal comfort in urban and rural open
spaces: A comparative study in China’s cold region. Urban Climate, 49, Article 101501. https://doi.
org/10.1016/j.uclim.2023.101501

Zhao, H., Wang, S., Zhang, Y., Zhao, L., Zhai, Y., Brown, R. D., Jin, L., & Wu, R. (2023). The effect of solar
radiation on pedestrian thermal comfort: A climate chamber experiment. Building and Environment,
245, Article 110869. https://doi.org/10.1016/j.buildenv.2023.110869

Zhao, Q., Sailor, D. J., & Wentz, E. A. (2018). Impact of tree locations and arrangements on outdoor
microclimates and human thermal comfort in an urban residential environment. Urban Forestry &
Urban Greening, 32, 81-91. https://doi.org/10.1016/j.ufug.2018.03.022

Zou, M., & Zhang, H. (2021). Cooling strategies for thermal comfort in cities: A review of key methods in
landscape design. Environmental Science and Pollution Research, 28(44), 62640—-62650. https://doi.
org/10.1007/s11356-021-15172-y

140 Alam Cipta Int. J. Sustain. Trop. Des. Res. Pract. 19 S1 (1): 119-140 (2026)



