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1.0 RESEARCH TOPIC 

OUTDOOR THERMAL COMFORT AND ADAPTATION FOR PEDESTRIAN IN TOWNS OF 

MALAYSIA 

Keywords: Pedestrian, Thermal comfort, thermal adaptation, outdoor 

 

2.0 RESEARCH AIM 

The study is to explore tropical townscape in order to rediscover the mechanism and links between 

outdoor thermal environments, human comfort and adaptation during hot weather. The objectives 

include:  

 

3.0 RESEARCH OBJECTIVES 

1. To investigate the features of the townscape that potentially critical to both microclimate 

and human thermal sensation; 

2. To examine the effects of the townscape attributes on pedestrian thermal perception and 

adaptation to hot and humid climate; and 

3. To construct a model to determine both thermal and non-thermal indicators of tropical 

townscape that stimulates human thermal sensation, perception and adaptation in hot and 

humid region. 

 

4.0 ASSUMPTION 

Research on thermal comfort is used to bind with thermal indicators such as air temperature, 

velocity and humidity. With reference to the link between human experience and thermal comfort 

outcome, there is a possibility that thermal comfort research can be expanded to the area of 

psychology, especially in terms of the significances of non-thermal factors, such as human 
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experience and expectation. Therefore, this study will try to extend the human outdoor thermal 

comfort indicators into the context of landscape experience. Through the attributes offered by the 

outdoor spaces, particularly in the context of town setting, this study assumes people tend to 

respond and adapt psychologically to the outdoor thermal environment. 

An assumption in this research is that human outdoor thermal comfort indicators should not be 

looked as exactly same with indoor context. At the same time, due to the dynamic state of typical 

outdoor setting, it should rather be accomplished by considering the psychological impacts on 

human thermal comfort. Same to thermal adaptation, rather than recognizing people could adjust 

themselves to the outdoor thermal environment by physically or physiologically, this research 

assumes that users are tend to adapt to the environment in psychologically through the attributes 

offered by the outdoor spaces. Aspects of this assumption involve the influence of individual past 

and temporal experiences on thermal comfort range, the sensory impacts of outdoor to a person’s 

thermal comfort, and the socio-cultural effects to an individual thermal response. 

 

5.0 RESEARCH QUESTIONS 

1. What kind of features of townscape, in terms of open space typology, can yield people's 

thermal comfort response, in both positively and negatively?  

2. How the attributes of townscape, in terms of landscape experience, can influence and 

stimulate the pedestrian thermal perception and adaptation to hot and humid climate? 

3. What are the factors/indicators of outdoor thermal comfort and their influences to human 

thermal sensation, perception and adaptation in hot and humid region? 

 

6.0 RESEARCH BACKGROUND 

People-centered or pedestrian-oriented design has been emerging as one of the modes of new 

urbanism because of the positive effects of walkability in urban environmental, socio-economic, 

community and cultural sustainability. Pedestrian walking is proposed as the easiest and 

sustainable transport option (Forsyth, 2015). This is not only because it can be perfectly 
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complementary with other urban models within the extent of city or town (e.g. transit-oriented 

design, TOD), but also because of its universal applicability to all levels of society, regardless to 

age or disabilities (Rafiemanzelata, Emadib & Kamali, 2017). As an alternative to personal cars, 

pedestrian walking is not only an ideal concept for new urbanism but also a major solution to urban 

heat island phenomenon and climate change. This is because the walkable communities would 

mitigate the high energy consumption in urban transportation and so it can relatively minimize the 

pollutions from mobile travels (McAslan, 2017). A walkable environment is also exercise-inducing 

(Litman 2004; Forsyth, 2015) as it promotes healthier lifestyle through encouraging walking as the 

essential mode of daily movement for urban residents.  

Moreover, from a socio-economy perspective, pedestrian-oriented development draws positive 

returns when the high volume of pedestrians would generate urban liveliness and vitality that 

contribute to the economic and social profits (Litman, 2004; Kordjazi & Mirsaeedy, 2014). At the 

same time, walking also creates vibrant urban communities in cities and towns as the walking 

journey enable people to socialize and interact with others (Kordjazi & Mirsaeedy, 2014). Last but 

not the least, there are many current studies showing that physical exposure to nature and outdoor 

socialization are beneficial to human physical and mental health, i.e. Mantler & Logan, 2015; 

Jordan & Hinds, 2016.  

However, it is a challenge to implement pedestrian walking culture in hot region. According to a 

study conducted by Stanford University on tracking people daily walking average via smartphones 

in 2017, the status of walking in the hot region like Malaysia is generally poor (Althoff et al., 

2017). The survey showed that Malaysians are the 3rd laziest communities among 46 countries 

around the world, whereas the top 10 laziest countries are mostly from those developing countries 

in hot region like Saudi Arabia, South Africa and Southeast Asia. The result had best reflected the 

effect of thermal comfort and environment’s quality on people's willingness to walk. The outdoor 

thermal environment, as well as the quality of the pedestrian environment, is therefore a 

determinant key towards a walkable city or town, particularly in the hot tropics and arid region. 
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Fig. 1: Pyramid of needs of pedestrian in public spaces. (Source: Amoroso, Castelluccio & 

Maritano, 2012) 

Pedestrian environment are categorized based on typology, and they are usually understood in the 

forms such as gardens or parks, squares or plaza, and walking streets (Jin, Liu & Kang, 2017). 

They are more commonly known as the part of ‘urban public spaces’.  A successful public space 

requires a comprehensive strategy in terms of design and planning. This is only considering spatial 

design and its quality, but also highly depending on the level that fulfilled the needs of pedestrians. 

Regarding this, Figure 1 had showed the pedestrian satisfiers (or known as motivators) are greatly 

influenced by the comfort being exposure to outdoors, prior to the consideration on the 

attractiveness of place. The so-called comfort, at the same time, is dominated by several factors, in 

which known as the preconditions and dissatisfies of a pedestrian’s needs.   

In terms of the experience of comfort, the enthusiasm for exploring thermal comfort has never 

faded due to its direct stimulation to human senses and impacts on body function (Boduch & 

Fincher, 2009). According to ANSI/ASHRAE Standard 55, thermal comfort is a “condition of 

mind which expresses satisfaction with the thermal environment”. Thermal comfort is controversial 

topic because the thermal sensation is subjective. Moreover, it is combined with various dynamic 

atmospheric conditions, influenced by the characteristics of the physical environment as well as the 

human’s physiology, psychological and behavioral factors (Middel et al., 2016). However, as 

mentioned before, it is important to understand thermal comfort when it dominates the motivation 

of pedestrians to go outdoors by walking. This research, therefore, focuses on addressing thermal 

comfort in the context of outdoor environment. 
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7.0 PROBLEM STATEMENT 

Thermal comfort is mostly studied from the perspectives of those disciplines like climatology, 

biophysics and building energy, and therefore the existing indexes, model and measurement 

guidelines, such as PMV (Predicted Mean Vote (PMV) and Standard effective temperature (SET*), 

are mostly formulated according to the indoor thermal environment. It is noted that these indexes 

or models are confined in the concept of thermal steady-state where the thermal equilibrium can be 

approached. In relatively, thermal comfort from an outdoor perspective is less viewed and most 

existing outdoor thermal studies relied on existing thermal theories, such as Physiological 

Equivalent Temperature (PET). Be aware that the concept of thermal steady-state ‘does not allow 

estimations in any spatially non-uniform conditions’ (Airaksinen, Tuomaala & Holopainen, 2007), 

there are doubts on the application of these indexes and models into dynamic outdoor environment 

(i.e. Brager & de Dear, 1998; Höppe (2002); Chen & Ng, 2012; Andeau, 2013). 

Furthermore, compared to outdoor human comfort, the focus of outdoor thermal environment is 

rather placed on microclimate; and somehow, it is in piecemeal, i.e. urban heat island effects (eg.  

Oke, 1976; Giridharan, Lau & Ganesan, 2005; Li et al., 2011; Shahmohamadi et al., 2011; 

Rajagopalan, Lim & Jamei, 2014; Sachindra et al., 2016); microclimate effects of urban geometry 

(eg. Bärring et al., 1985; Elaisson, 1996; Sakakibara, 1996; Unger, 2004; Johansson, 2006; Krüger, 

Minella & Rasia, 2011; Chen et al., 2012);  and vegetation effects (eg. Wong & Yu, 2005; Bowler 

et al., 2010; Oliveira, Andrade & Vaz, 2011; Susca, Gaffin & Dell’Osso, 2011; Shishegar, 2014; 

Kong et al., 2014; Zupancic, Westmacott & Bulthuis, 2015).  The consideration of current scholars, 

designers and planner are more inclined to microclimate assessment, and thereby the topic of 

human outdoor thermal comfort is still less being questioned and explored. 

In human physiology, Fanger (1970) suggested the ideal thermal comfort is that someone neither 

feels warm nor cool. Since zero is the ideal value in his PMV model between the values of -3 to 3, 

it also refereed as ‘thermal neutrality’. However, it is difficult to be achieved passively at outdoor 

especially for the hot region (Ali-toudert & Mayer, 2006). Regarding to this, some scholars have 

explained that the so-called human thermal adaptation would take place to achieve thermal 

satisfaction (Nikolopoulou , Baker & Steemers, 2001; Nikolopoulou and Steemers, 2003; 

Nikolopoulou and Lykoudis, 2006; Lin & Matzarakis 2008; Lin 2009; Middel et al., 2016; 

Lucchese & Andreasi, 2017). In this case, thermal satisfaction at outdoors is rather built upon the 

http://www.urbanclimate.net/matzarakis/papers/Matzarakis_wengen_ACC_30.pdf
http://www.urbanclimate.net/matzarakis/papers/Matzarakis_wengen_ACC_30.pdf
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availability of thermal adaptive opportunities, which depend on physical improvement, heat 

tolerance or physical and psychological adjustments of people (Nikolopoulou and Steemers, 2003).  

However, thermal adaptation mechanism has not yet been further explored in the urban context, 

especially the gap on how urban landscape help people dealing with the local climate. Within the 

context of a city, perhaps is that urban landscape or townscape to provide opportunities that can 

help pedestrian adapting to their outdoor environment and achieving thermal satisfaction. A well-

designed and well-managed urban outdoors might enable urban residents feeling thermally 

comfortable so to integrate walking into their everyday life, perhaps. Therefore, it requires a further 

detailed exploration on that. 

 

8.0 RESEARCH GAP 

In order to make a contribution to research in the area of thermal outdoor environment and human 

response, the following gaps have been identified: 

a. Contexts of study and research area 

Previous thermal studies have been much developed from quasi (confined or laboratory) 

environments to real building, which are based on those thermal indicators used for indoor 

comfort and building-human energy. Most of the theories and indexes used are laid on the 

basis of thermal steady state. In these studies, participants were examined under several 

high controlled experimental variables in terms of air temperature, mean radiant 

temperature, air velocity, relative humidity, human clothing, metabolism and etc. 

However, the actual thermal environment, especially at outdoors, is always dynamic and 

changeable. The applicability and feasibility of applying current thermal comfort theories 

and indexes into outdoor thermal comfort studies are therefore still remained questioned. 

b. Variables/Indicators used 

In the field of thermal comfort, scholars most concerned about the climatic influences 

meanwhile a large volume of published studies adopted physiological measures to 

determine the magnitude of human response to thermal environment. Most studies 

were developed on computational simulation or site measurement (examples refer to 
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Table 2).  Moreover, by using the indoor thermal theory (refer to Table 1), the measures 

may be limited and resulted in missing any other thermal stimuli or influencing factor 

that might help to determine or define outdoor thermal comfort.  Due to the low 

exploration on other possible indicators that might contribute to human outdoor comfort, 

the actual thermal sensation is remained hard to be predicted accurately. 

Table 1: Differences between indoor and outdoor thermal comfort 

INDOOR 

Thermal Comfort 

vs OUTDOOR 

Thermal Comfort 

Steady/Stable Context Dynamic 

Since 1940s: 

Gagge & Bazett; Fanger; 

Mayer & Höppe; Brager & 

de Dear; Humphreys & 

Nicol 

History: Since 2000s: 

Höppe, Nikolopoulou, Lin 

Tend to Passive Intention Tend to Active 

Yes Theory/ model Unclear; Generally refer 

to indoors 

• Air temperature 

• Mean radiant temp. 

• Air velocity 

• Relatively humidity 

• Clothing 

• Metabolism 

(activities) 

Variable/  

Indicator used 

Unclear; Generally refer 

to indoors 

• Physiological 

• Behavioral adjustment 

of the body heat-balance 

• Psychological. 

Adaptation Unclear; Generally refer 

to indoors 

Thermal neutrality; 

Comfort range 

Ideal state Unclear; Generally refer 

to indoors 

 

Another point is that thermal psychology has been introduced into the studies of thermal 

comfort, but it is still new in the field. There are yet any models or sets of convincing 

indicators being widely created, accepted and adopted regarding this. To extend the 

viewpoint, regarding that the study context is focused at outdoor environment, the study 

tried to investigate thermal comfort in terms of landscapes. From there, it is common to 
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know that human senses (sight, sound, touch and smell) play vital roles in landscape 

experiences or human interaction with nature. However, they have not been considered in 

the field of outdoor thermal studies, so far. Their direct or indirect impacts to human 

thermal experience at outdoors are unknown well. In building experience, the comfort of 

‘thermal’ ‘visual’ and ‘acoustic’ are typically evaluated separately. Different with 

architecture or building sciences, human sensation in landscape experience, such as water, 

is generally evaluated through human interaction by multi-sensory (Strang, 2005). The 

human sight and hearing senses in experiencing landscape can be described in more depth 

and humanized - it is not only about luminance and sound frequency, but rather the 

impacts of landscape images and sound onto a human’s sensation and perception, 

including the thermal comfort. This approach remains rooms for exploration. 

          

Fig. 2: Differences of sensory and context between indoor and outdoor sensation. 

Furthermore, compared to outdoor environment, people used to be act more static or 

passive when they are situated at indoor, such as sleeping, eating, reading, listening music 

and resting. However, their activities become more diverse and active when extended to 

outdoors. It is unanswered whether such differences lead to different responses and 

expectation, in terms of thermal comfort as well as comfort satisfaction, so far.  
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c. Site context 

Most of the existing thermal researches carried out for urban outdoor environments were 

largely done in single area like courtyard, square, parks or campus landscapes (refer to 

Table 2). Extensive work remains to be carried out to cover the full range and spatial scale 

of those spaces in a city and town. 

Table 2: Part of reviewed literature 

Year Author Subject Method Measure Outcomes/Results 

1996 Nagara Outdoor pedestrian 

route (Japan) 

Physical measurements  

Survey:  thermal 

sensation vote 

Air temperature 

Humidity  

Wind velocity 

Sky view factor 

Thermal condition 

Thermal 

perceptions 

2001 Nikolopoulou

, Baker & 

Steemers 

Outdoor urban 

spaces : resting 

areas (UK) 

Case studies: 4 

Physical measurements  

Survey:  structured 

interviews and 

observations  

Counting the number of 

people using the spaces 

at various intervals 

Environmental 

parameters : air 

temperature, solar 

radiation, wind and 

humidity 

Subjective behaviour 

and responses related 

to individuals’ 

characteristics, such as 

age, sex, race, 

clothing, posture and 

activity 

Use of outdoor 

space 

Thermal sensation 

(actual sensation 

vote in terms of 

frequencies) 

Thermal neutrality 

2006 Ali-toudert & 

Mayer 

Street canyon 

(Algeria) 

Simulation: ENVI-met  Aspect ratio  (h/w) 

Orientation 

Thermal condition : 

air temperature; 

mean radiant 

temperature (short 

radiation fluxes 

2007 Shahidan, 

Shalleh & 

Shariff 

Campus (Malaysia) Plant Canopy Analyzer: 

Leaf area index 

Tree canopies (LAI) 

by different tree spp. 

Solar radiation 

filtration 

Light intensity 

2008  Lin & 

Matzarakis 

Tourist spot 

(Taiwan) 

Climate data 

Survey: interviews on 

evaluating thermal 

sensation vote (tsv), 

thermal preference, and 

thermal acceptability 

Ambient air 

temperature 

Globe temperature  

Air humidity  

Air velocity  

Global radiation 

Person’s activity and 

clothing level 

Thermal comfort : 

PET range in 

taiwan 

2009 Lin Public square 

(Taiwan) 

Physical measurements  

Questionnaire survey  

Observations of 

attendance 

Air temperature(ta)  

Relative humidity (rh) 

Global radiation (g),  

Wind speed (v) 

Globe temperature 

(tg). 

Thermal 

perception, 

adaptation and 

attendance 

2009 Knez et al Outdoor places 

(Sweden) 

Micrometeorological 

measurements 

Psychological measures 

ANOVA 

MANOVAs 

Micrometeorological 

parameter 

  

  

Psychological 

mechanisms in 

outdoor place and 

weather 

assessment: 
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Perceived weather 

Perceived place 

Place-related 

emotions and 

thermal comfort 

2010 Vanos et al Physiology of 

human thermal 

comfort 

while exercising in 

urban landscapes 

review Metabolism 

Skin temperature and 

blood flow 

Sweat production 

Effects of clothing 

Microclimatic 

parameter 

human comfort 

modelling 

Applications of 

bioclimatic design 

2010 Lin, 

Matzarakis & 

Hwang 

Campus (Taiwan) micrometeorological 

measurements 

RayMan model 

Shading effect Thermal comfort: 

PET 

2011 Hwang, Lin 

& Matzarakis 

Urban street 

(Taiwan) 

RayMan model Shading effect 

(seasonal) 

Thermal comfort: 

PET  

2012 Andreou & 

Axarli  

Traditional vs 

contemporary 

settlement - houses 

(Greece) 

Experimental 

measurements 

Street geometry & 

orientation, urban 

density and materials 

Thermal condition : 

air and surface 

temperature, air 

humidity and air 

velocity 

2012 Shahidan et 

al. 

Public thoroughfare 

or boulevard 

(Malaysia) 

  

Simulation: ENVI-Met 

HTB2 software 

package: impact of the 

proposed outdoor 

microclimate 

modification on energy 

savings of building, 

3 Scenarios:  

Current condition;  

Double the amount of 

trees and changes to a 

low canopy density 

trees (LAI 0.9) with 

current ground 

material albedo 

conditions; 

Double the amount of 

trees and changes to a 

high canopy density 

trees (LAI 9.7) with 

current ground 

materials albedo 

conditions; 

Double the amount of 

trees and changes to a 

high canopy density 

trees (LAI 9.7) with 

changes to ground 

surface materials with 

0.8 albedo value  

Air temperature 

Building energy 

savings 

2012 Nasir, Ahmad 

& Ahmed 

Shaded green 

spaces (Malaysia) 

microclimate 

measurement  

systematic interviews 

Microclimate 

parameters 

Personal factors 

Outdoor urban 

places perception: 

Psychological 

Adaptation 

2013 Andreou  Traditional vs 

contemporary 

settlement- houses 

(Greece) 

Simulation: rayman 

v.1.2 

Orientation - 

height/width ratio 

Effect of trees 

Wind speed 

Albedo of the 

horizontal surface 

Thermal comfort : 

pet 



12  

2013 Vasilikou & 

Nikolopoulou  

Urban continuum of 

historic city centres 

for pedestrian 

(Europe) 

Thermal walks : 

microclimatic 

monitoring and 

simultaneous people 

surveys 

Urban morphology Thermal sensations 

Thermal perception 

variation  

Urban spaces of 

thermal preference 

2014 Sangkertadi 

& Syafriny 

Open spaces 

(Indonesia) 

Experimental 

measurements  

  

Ta(air temperature) 

Tg(globe temperature) 

v(wind velocity) 

RH(Relative humidity)  

Adu(body surface 

area) 

tropical clothing type 

(about 0.5 to 0.7 clo) 

scale of thermal 

comfort level: 

PMV 

New regression 

equations for 

outdoor thermal 

comfort (Tropical) 

2015 Lenzholzer, 

Klemm & 

Vasilikou 

Urban square 

(Europe) 

Survey: interview / 

questionnaire/ 

sensewalking (thermal 

walk); 

Cognitive microclimate 

mapping; 

Spatial design 

parameters or 

elements 

Thermal 

perceptions  

Spatial perception 

2015 Vasilikou & 

Nikolopoulou 

historic city centre 

(Europe) 

Thermal notations : 

Thermal walk + 

Sensory notation 

Urban morphology 

within a specific route  

Thermal sensation 

(ASV) of 

pedestrians 

moving in spatial 

sequences: 

• Wind vote 

• Sun Vote 

• Perceived 

Thermal Comfort, 

and 

• Differential 

thermal sensation 

(dASV). 

2015 Ignatius, 

Wong & 

Jusuf 

Central business 

district (Singapore) 

Thermal load models 

are used to predict the 

energy performance & 

external heat gains.  

Screening Tool for 

Estate Environment 

Evaluation (STEVE) 

tool was used to 

analyze outdoor 

temperature & greenery 

implementation.  

Ventilation ratio (VR): 

urban ventilation 

analysis  

Outdoor thermal 

comfort: thermal 

sensation vote (TSV) 

Urban texture: 

physical density and 

form 

Floor Area Ratio 

(FAR) 

Gross Site Coverage 

(GSC) 

Open Space Ratio 

(OSR)  

Number of Stories 

(ST) 

External heat gain, 

ambient 

temperature, urban 

ventilation and 

outdoor thermal 

comfort 

2015 Nasir et al. Urban park 

(Malaysia) 

Simulation: ENVI-Met Tree shade: vegetation 

profile 

 3 Scenarios:  

Current condition;  

Extra trees 

Ground cover 

Air temperature 

(Ta) 

Relative humidity 

(RH) 

Wind velocity (v), 

Mean radiant 

temperature (Tmrt). 
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2015 Ghaffarianho

seini, Berardi 

& 

Ghaffarianho

seini 

Unshaded 

courtyards 

(Malaysia) 

Simulation: ENVI-Met Scenarios based on:  

Orientation 

height of wall 

enclosures 

albedo of wall 

enclosures 

Utilization of 

vegetation 

Thermal condition 

Thermal comfort: 

PET 

2015 Klemm et al Street greenery 

(Netherlands) 

micrometeorological 

measurements 

semi-structured 

interviews 

street greenery: 

geometric 

configurations, but 

varying amount of 

street greenery (street 

trees, front gardens) 

  

outdoor thermal 

comfort from a 

physical and 

psychological 

perspective 

2015 Srivanit & 

Auttarat 

Urban spaces: 

outdoor and semi-

outdoor (Thailand) 

micrometeorological 

measurements  

Questionnaires: TSV 

Micrometeorological 

parameter 

TSV 

Thermal condition: 

PET 

2016 Manteghi et 

al. 

River(Malaysia) Simulation: ENVI-Met  3 Scenarios:  

Original Water Body 

Pavement 

Greenery 

Thermal Condition 

: Coolant Effects 

Of Water Bodies 

2016 Salata et al. City centre- campus 

(Italy) 

Simulation: ENVI-Met  

Experimental 

measurements  

  

cell sizes 

micrometeorological 

variables 

the accuracy of the 

results. 

a general procedure 

to perform 

numerical 

simulations in 

ENVI-met/ A 

proper procedure to 

fit ENVI-met 

simulation outputs 

to experimental 

data 

2017 Saito, Said & 

Shinozaki 

Heritage site 

(Malaysia) 

Simulation: ENVI-Met Greening scenarios are 

established:  

Existing conditions 

Based on following 

existing conservation 

plans, 

Based on maximizing 

potential green areas 

by implementing the 

proposed pedestrian 

walkway. 

Thermal comfort : 

pet 

Urban 

configuration: 

visibility graph 

analysis and axial 

line analysis based 

on the space syntax 

theory. 

Human behavior 

and space 

connectivity. 

2017 Lucchese & 

Andreasi 

Public square 

(Brazil) 

micrometeorological 

measurements  

questionnaire surveys 

Micrometeorological 

parameter 

Thermal comfort 

sensation  

Proposed 

regionally-

calibrated 

Physiological 

Equivalent 

Temperature (PET) 
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9.0 LITERATURE REVIEW 

9.1 Defining Pedestrian Walking 

The term ‘pedestrian walking’ itself is multi-dimensional and intertwined; it can be discussed 

from several kinds of perspectives in the field of research. The focus can be either the “means of 

making walkable environments” or the “outcomes potentially fostered by such environments” 

(Forsyth, 2015).  It is also being studied in different sizes or contexts, such as street (e.g. Hassen 

& Kaufman, 2016), urban spaces (e.g. Kordjazi & Mirsaeedy, 2014), neighborhood (e.g. Singh, 

2016), and urban form (e.g. Targhi & Dessel, 2015); or according to different approaches, such as 

community engagement (e.g. Hassen & Kaufman, 2016), economic value (e.g. Litman, 2004), and 

city sustainability (e.g. Rafiemanzelata, Emadib & Kamali, 2017). Some studies else have made 

the distinction between the intentions of walking, e.g. recreational walking and utilitarian walking, 

in which the former refer to walking for leisure and the latter is walking for purpose such as for an 

errand or transportation to a destination (Doescher et al., 2016). This suggests there are different 

situation for walking in cities based on the physical context as well as individual intention; each 

type of walking would produce different kind of pedestrian thermal perception and acceptability.  

 

9.2 History and Trends of  Thermal Comfort Studies: Seminal Disciplines  

The early idea of thermal comfort has emerged in twentieth century when the indoor comfort 

environment began to be adjusted through human intervention like heating and air-conditioning 

systems (Fabbri, 2015).  The idea stems from indoor context due to the growing demand for 

human health and comfort inside building (Shoorshtarian, 2015). With the aim to improve thermal 

comfort, there was intense interest to understand the influence of thermal environment on human 

body since early of the twentieth-century. Particularly in the developed region like United State 

and Europe, numerous indices and models have been developed to analyze thermal comfort.  

Thermal comfort can be basically assessed through three approaches (Höppe, 2002; Andreou, 

2013): the heat balance of the human body, the thermophysiological properties, and the 

psychological and behavioral factors. Heat balance model is the earliest approach for investigating 

thermal comfort. As the pioneer, Gagge & Bazett (1941) focused on the thermal state of human 
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body heat exchange with the environment. They proposed “two node models” and first underlined 

the principles of thermodynamics in the thermal exchange of human body and environment, at 

which the heat loss to the environment is assumed to be equal to the production of heat in human 

body. While recognizing that there are many other variables in thermal comfort analysis, Gagge & 

Bazett (1941) claimed that “comfort is dependent largely upon skin temperature”, and identified 

three main factors to describe thermal exchange, which are: the rate of heat production of the body 

(unit in met), the insulating value of the clothing (unit in clo) and the environmental temperature 

(unit in 
o
F). In short, Gagge & Bazett (1941) studied thermal comfort from a pure physics 

viewpoint; it is an outcome of heat and mass exchanges between static man and physical 

environment. Other than establishing a practical system of units (“clo” and “met”) for thermal 

comfort analysis, Gagge & Bazett (1941) had also provided a precedent case that applying the 

concept of thermodynamics to physiology, which became the foundation for the subsequent 

thermal comfort researches. Gagge and the latter scholars continued creating indices and indexes 

for thermal comfort assessment, eg. Gagge, Stolwijk & Hardy (1967); Gagge et al. (1972); and 

Gagge, Fobelets & Berglund (1986).  

There is another seminal works contributed by P.O. Fanger when he introduced “a rating scale of 

the perceived sense of wellbeing” in 1960s, which allow people to judge thermal sensation by 

themselves in measurably (Fanger, 1967). Fanger first investigated the relationship between the 

environmental parameters (air temperature, mean radiant temperature, air velocity, and relative 

humidity), the human physiological parameters (metabolic rate and clothing insulation), as well as 

the people thermal perception (score that voted by the subjects on the ambient temperature 

condition) in the context of confined spaces (climatic chamber) (Fanger 1967; Fanger, 1970 & 

Fanger, 1973). From there, Fanger proposed Predicted Mean Vote (PMV) as a thermal sensation 

index that allowed people to evaluate and express the sense of comfort (Fanger, 1970). Following 

this, to access the acceptability of the condition of comfort, Fanger also developed Predicted 

Percentage of Dissatisfied (PPD) to enable a negative judgment in the evaluation of an 

environment thermal condition as well. 

Closed to the end of last century, Mayer & Höppe (1987) proposed another thermal index, called 

PET, and defined it as: “the physiological equivalent temperature (PET) at any given place 

(outdoors or indoors) and is equivalent to the air temperature at which, in a typical indoor setting, 

the heat balance of the human body is maintained with core and skin temperatures equal to those 
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under the conditions being assessed” (Höppe, 1999). By accounting the thermophysiological 

regulatory process, Mayer & Höppe used the Munich Energy-balance Model for Individuals 

(MEMI) as basis to calculate the physiologically equivalent temperature (PET) (Höppe, 1999). 

Based on Höppe (1999) and Matzarakis, Mayer & Iziomon (1999), PET somehow functions as a 

real climatic index, at which evaluating meteorological parameter (air temperature, mean radiant 

temperature, air velocity and vapour pressure) in a thermophysiological weighted way that 

resulted in both thermal state and regulatory process of human body. What has made PET being 

more favorable and universal than other thermal indices is that a more widely known unit (
o
C) is 

adopted (Matzarakis, Mayer & Iziomon, 1999); at the same time, PET’s neutral sensation can be 

adapted to any adjusted condition in term of weather and human behavior (clothing and activities). 

In other words, the PET thermal scale can be varying according to different cases throughout the 

year (Höppe, 1999; Lin, Matzarakis & Hwang, 2010). 

Those models developed during last century were so-called “steady-state models”, and also 

known as traditional or conventional comfort theory as well (Baker & Standeven, 1996; de Dear 

& Brager, 2001; Nikolopoulou, Baker & Steemers, 2001).  They are mostly experimental and 

conducted in confined climate chamber with high control on the variables. The respondents were 

rather situated in seated and quiet position to avoid any controversy about metabolic effect during 

the experiment (Fanger, 1970). The steady-state models, undoubtedly, have been interwoven and 

most adopted as contemporary universal standard for evaluating and prescribing the thermal 

comfort in different contexts and climates, e.g. PMV and PET. However, many scientists then 

pondered the question of what kind of criterion to be added or changed for the thermal comfort 

measurement when there is always some discrepancy emerged among these theoretical models 

and the actual comfort condition (Brager & de Dear, 1998; Andeau, 2013). The accuracy of 

description or prediction on real world thermal comfort, as well as the exact indicators of 

determining thermal comfort, remains unanswered in clear so far. 

Some scholars tried to explain the failure of the heat balance models on precision of actual 

thermal comfort, typically based on the average values of clo and met. For example, Brager & de 

Dear (1998),  viewed them as limitation in models input, due to: (a) the difference of clothing 

ensemble insulation values observed in laboratory compared to in situ measurement; (b) the 

overestimation of thermal neutralities when neglecting thermal effect by other thermal insulation 

factor during field study; (c) the low accuracy on estimating the people’s activity pattern with 
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associated met levels by using least-developed standards; (d) the baffle happened during physical 

spot measurement as it might not reflected the actual thermal condition experienced by the 

occupants on site, due to the distance between instrument and people, time lapse between record 

reading and people response, and etc.; (e) the major model assumption based on steady-state 

condition, which in fact is opposite to the dynamic thermal environment in reality; and (f) the 

influences caused by other non-thermal factors that are not covered in the models.  

Regarding that, Brager and de Dear (1998) had firstly viewed the gap as the result of thermal 

adaptation of occupants in our built environment.  Brager & de Dear (1998) reexamined the 

relationship between people and their thermal environment; they raised a critical question on 

whether occupants in traditional buildings that enjoy a natural ventilation would define ‘comfort’ 

in the same way as those occupied in the building that relying on mechanical cooling, within a 

tropical context. They challenged that the laboratory-derived comfort models, in which those laid 

on the basis of human body’s heat balance and mostly being conducted in mid-latitude climate 

regions, are insufficient to be applied into real world practice; especially when these so-called 

thermal comfort standards ignore the contextual influences and being suggested to be applied 

universally to all types of buildings, climates zones as well as population. Brager & de Dear’s 

awareness on the thermal perception in ‘real world’ setting has changed the full reliance on 

biophysical experiments in the field of thermal comfort. Different with Gagge & Bazett (1941) 

and Fanger (1970), Brager & de Dear (1998) acknowledged place as “a multi-variate 

phenomena”, and viewed people as “an active agent interacting with the person-environment 

system via multiple feedback loops”. This drove them to look more at thermal perception – a non-

thermal extent beyond the physics of body’s heat-balance and linked to a person’s experience and 

expectation. 

As the pioneer of thermal adaption studies, Brager & de Dear (1998) defined thermal adaptation 

based on three modes as well: physiological, behavioral adjustment of the body heat-balance, and 

psychological. Physiological adaptation refers to all physiological responses to heat or cold stress, 

and can be divided into two subcategories: genetic adaptation and physiological acclimatization. 

Genetic alteration for thermal adaptation concern about genetic heritage of particular individuals 

or tribes in the subject of genetics, whereas physiological acclimatization is more on the changes 

mediated by autonomic nervous system in response to thermal environmental stressors. Based on 

the physiological thermoregulation setpoints in body, physiological acclimatization will be present 
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in the form of sweating as well as a variety of cardiovascular responses in terms of heart rate, 

blood pressure, and etc. (Brager & de Dear ,1998) , in order to maintain a reasonably constant 

deep body temperature that balanced with the environment (Fanger, 1973).  

Brager & de Dear (1998) referred behavioral adjustment of the body heat-balance as all conscious 

and unconscious corrective actions that people made directly to maintain their own comfort. This 

is an active feedback of human physical respond to the thermal environment once they make any 

adaptation through: (a) personal adjustment, in which changing personal variables like clothing, 

position or drinking water; (b) environmental adjustment, in which modifying the surrounding 

thermal condition like opening window or turning on fan; or (c) cultural adjustment such as 

adapting dress codes (Brager & de Dear, 1998). Brager & de Dear (1998) disagreed that clothing 

is most effective to provide thermal comfort which commonly advocated by previous scholars like 

Gagge, Fanger, Höppe and Mayer; they argued that clothing adjustment is not instantaneous and 

people tend to manipulate the indoor environment directly rather than adjusting oneself to the 

indoor environment. Therefore, in this context, environmental and cultural adjustment is given 

priority. 

Psychological adaptation, which also referred to as perceptual adaptation, is an extent in where 

individual habituation and expectation can directly affect the human thermal sensory as well as the 

associated physiological response (Brager & de Dear, 1998). Many 20
th

 century scholars, 

including Brager, de Dear and Nikolopolou, advocated psychological adaptation is probably the 

most reasonable explanation to describe the divergence in between model prediction and field 

observation (Brager & de Dear, 1998; Nikolopoulou et al. 2001; Nikolopoulou and Steemers, 

2003; Nikolopoulou and Lykoudis, 2006; Lin & Matzarakis 2008; Lin 2009; Middel et al., 2016; 

Lucchese & Andreasi, 2017). This is because people might evaluate their environment based on a 

‘benchmark’ created by their past and current thermal exposure, and such cognition and memory 

can be varied in different time scales and contextual factors (Brager & de Dear, 1998), and last 

form their thermal sensation and thermal acceptability.  In other words, thermal perception and 

response to an environment can be altered by individual experience and expectation.  However, 

compared to the other two approaches, the topic of human psychological adaptation to their 

thermal environment is the least studied till today, i.e. the impacts of psychological adaptive 

mechanism to thermal perception and acceptability, their parametric analysis are still unclear. 
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Therefore, in this section, it suggests higher degree of study focus should be placed on 

psychological and behavioral factors in thermal comfort, especially in the part of adaptive 

mechanism, in order to explain the gap in between thermal comfort models with the real 

environment. This should be as what said by Brager & de Dear (1998): “adaptive and heat balance 

approaches to modeling thermal comfort are complementary, rather than contradictory”. 

 

9.3 Outdoor Thermal Comfort 

Outdoor thermal comfort, in relatively, remains dynamic and more diverse than indoors in terms 

of climate, human’s activities and clothing. Compared to indoors, it would be difficult to monitor 

human subject comprehensively in natural outdoor context (Chen & Ng, 2012).  However, since 

there are no internationally accepted indices for assessing the ‘non-steady-state’ of outdoor 

thermal comfort (Höppe, 2002), therefore most studies applied the steady state theory of indoor 

comfort for outdoor thermal assessments as well, through: (i) simplifying the complex outdoor 

thermal conditions into simpler indoor thermal scenarios; and (ii) assuming thermal equilibrium or 

physiological equivalence is reached (Chen & Ng, 2012). Theoretically, they share the same 

methods and approaches in thermal comfort assessment, which are: based on heat balance of the 

human body, thermos-physiologically and psychologically (Nikolopoulou  & Steemers, 2003).  

In spite of that, there are more and more studies pointing out that people generally perceive 

outdoor comfort differently than the indoor comfort. For example, Höppe (2002) insisted that “the 

indoor thermal comfort standards are not applicable to the outdoor setting” as several predominant 

discrepancies can be found in between indoor and outdoor thermal comfort determinants; not only 

from the aspects of climatic conditions to the human body itself (clothing insulation and 

metabolism rate by activities), but also about the thermal perception of human to outdoor climate. 

A common difference between indoors and outdoors is about times of exposure (Höppe 2002; 

Nikolopoulou  & Steemers, 2003; Ali-Toudert & Mayer, 2006 ). The regularity of people staying 

short at outdoors, within range of minutes, would remain an uncertainty for the feasibility of using 

the theory of thermal steady state for outdoor comfort assessment. This is because short exposure 

to outdoor climate will be hard for the body to reach thermal equilibrium; for example, Höppe 

(2002) had indicated that the theoretical thermal steady state could only be reached after at least 
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half an hour for hot weather condition (where air temperature at 30
o
C and mean radiant 

temperature at 60
o
C) or a 43-hour of outdoor exposure to cold weather (where air temperature and 

mean radiant temperature at 0
o
C). Unless there is long outdoor exposure or any extreme weather 

events, otherwise underestimating the exposure time may result in deviation of human actual 

thermal comfort level.  

Höppe (2002) had also come to value psychological aspect of outdoor thermal comfort when he 

found that psychological expectancy and thermal history have their effects on the subjective 

assessment of outdoor thermal comfort. When people’s outdoor memory and expectation able to 

dominate their thermal perception and create preference in terms of range of thermal comfort, the 

so-called comfort somehow goes beyond physical sensation and gives impacts on individual 

willingness on visiting outdoors, eg. squares (Lin, Matzarakis & Hwang, 2010; Lin, de Dear, and 

Hwang, 2011). Therefore, different from indoor comfort that stressed on neutral temperature, 

outdoor thermal context view preferred thermal state as comfort state; for example, people at 

outdoors would rather prefer to be cooler than the corresponding neutral temperature during the 

hot season, or in reversely (Lin, de Dear, and Hwang, 2011). In addition, the range of human 

thermal comfort is varied with site context and season, because people may have different thermal 

requirement and characteristics on their tolerance of outdoor thermal environment.  

Another perspective is that the level of human-level control over outdoor thermal environment. 

People are more inclined to adjust themselves and adapt to the outdoor climate rather than 

manipulating the thermal condition as in indoors (Höppe, 2002; Lin, de Dear, and Hwang, 2011). 

People may also adapt to the climate differently through their own behavioral adjustment or 

psychological adaptation (Lin, Matzarakis & Hwang, 2010). In this context, outdoor thermal 

comfort is somehow assessed from behavioral perspective, correlates to the outdoor activities 

(Chen & Ng, 2012) and the use of outdoor spaces (Nikolopoulou, Baker & Steemers, 2001). The 

approach was initially adopted by few researchers like Gehl (1971), Li (1994) and Nagara, 

Shimoda & Mizuno (1996), before it emphasized by Nikolopoulou , Baker & Steemers (2001) and 

followed by the later outdoor thermal comfort researchers like Thorsson, Lindqvist & Linqvist 

(2004), Eliasson et al.(2007), Lin (2009), and etc.  

For outdoor thermal comfort, microclimatic parameters - air temperature, mean radiant 

temperature, air velocity, and relative humidity, still play vital role in manipulating human thermal 
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sensation (Lin, Matzarakis & Hwang, 2010; Lin, de Dear, and Hwang, 2011). Figure 3 is an 

example that affirmed the weighting of climatic parameters in people’s subjective thermal 

perception (Lo, Yiu & Lo, 2003). This showed that climate consideration is still among the most 

essential criteria for urban open space. In other words, anthermally uncomfortable environment 

can greatly affect public space’s service efficiency. 

 

Fig.3:  the weightings of the urban open space criteria considered by users - an example in Hong 

Kong, 2003. (Source from:  Lo, Yiu & Lo, 2003) 

In tropical and hot region or during summer days, frequencies of high temperatures create outdoor 

thermal discomfort.  Outdoor shade plays a crucial role for determining outdoor thermal comfort; it 

blocks the direct solar radiation (shortwave radiation fluxes) by trees and buildings orientation, and 

resulting in a lower temperature for a specific location (Lin, Matzarakis & Hwang, 2010). The level 

of shading or solar access is typically determined by sky obstruction on site, which we refer as sky 

view factor (SVF); and a low SVF value always indicates high sky obstruction level (Lin, 

Matzarakis & Hwang, 2010). However, the variations of sun and shade so far are yet mentioned in 

any thermal models, even though they are closely related to mean radiant temperature. 

Therefore, in this section, it suggests that outdoor thermal comfort analysis cannot merely 

dependence on existing thermal models, methods and theories. The review suggested perhaps the 

focus should be more placed on non-thermal determinants of thermal comfort, such as thermal 

history or memory, expectation, and time of exposure. At the same time, more physical thermal 

determinant like shade/solar access should be considered, rather than only counting on air 
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temperature, mean radiant temperature, air velocity, and relative humidity. In addition, the 

psychological and behavioral adaptation in outdoor thermal comfort is still less explored and thus 

requires more attention in the study later. 

 

9.4 Current Outdoor Comfort Studies 

There are relatively few scholars working on the topic of outdoor comfort and thermal adaptation. 

There are some pioneers like Nikolopoulou and Lin; however, this subject has been only studying 

since last decade and currently they are still much in the exploratory stage. Some vague concepts 

have been formed: Nikolopoulou and her team have put more efforts on outdoor thermal comfort 

determinants as well as the accurate assessment methods (Nikolopoulou, Baker & Steemers, 2001; 

Nikolopoulou and Steemers, 2003; Nikolopoulou and Lykoudis, 2006; Vasilikou & Nikolopoulou 

2013; Vasilikou & Nikolopoulou 2015).  Meanwhile, Lin and her team are working more on the 

field survey to gain some solid database for outdoor thermal comfort and adaptation (Lin & 

Matzarakis 2008; Lin, 2009; Lin, Matzarakis & Hwang, 2010; Hwang, Lin & Matzarakis, 2011).  

Nikolopoulou team has tried to formulate a series of parameters for psychological adaptation 

(Figure 4). However, as mentioned in Nikolopoulou & Steemers (2003), “these lines are not weight 

related and there is no magnitude associated with the strength of relationship; they only denote that 

a relationship exists”. Whereas through the studies of Lin, it can be found that the thermal comfort 

assessment can be the study of outdoor space service efficiency as well, where the attendance of 

visitors is counted (Lin, 2009). 

 

Fig. 4:  the parameter of psychological adaptation: the interrelationship 

(Source from:  Nikolopoulou and Steemers, 2003)  
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Therefore, in this section, it suggests to rethink the above-mentioned parameters in a formulated 

form so that outdoor thermal comfort and adaptation can be evaluated in a more systematic way or 

approach. In summary, Figure 5 and 6 showed the overall trend and concepts about outdoor 

thermal comfort and adaptation. They will be the vital underpinning theoretical framework for this 

study. 

 

Fig. 5: The diagram showed the trend of thermal comfort studies from last century to current. 

 

Fig 6: The diagram showed the themes and subjects for understanding thermal comfort and 

adaptation. 
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10. RESEARCH PARADIGM AND DESIGN: UNDERPINNING 

The basic idea of the study is to find out all the thermal and non-thermal indicators for determining 

the outdoor human comfort in terms of psychology, especially for pedestrian. In this context, the 

study will firstly review the human comfort from the perspective of pedestrian. According to the 

status of human comfort in the ‘pyramid of needs of pedestrian in public spaces’ that defined by 

Amoroso, Castelluccio & Maritan (2012) (refer to fig. 1), human comfort is kind of satisfier or 

motivator for pedestrian. In other words, there are several factors must be fulfilled as precondition 

before the evaluation of comfort can be proceed. The factors include health, mobility, reliability 

and convenience of the place. In line with that, based on the Place Diagram proposed by Project for 

Public Spaces (PPS) in 2003 (fig. 5), people consider a successful place by evaluating its comfort& 

image, sociability, access and linkage, uses and activities as well. From there, parameters for 

measurement can be determined accordingly for pedestrian context, such as street life for the aspect 

of sociability, land use pattern for the aspect of uses and activities, transit usage and pedestrian 

activities for the aspect of access and linkage. It has also indicates the interrelationship between the 

comfort and image of place, in which image used to be related to visual quality. This suggests that 

landscape visual assessment to be included as part of the thermal survey during on-site.  All of 

these indicators will categorized as human factors, which is part of the contributors to human 

psychological response. 

 

Fig. 7: The“Place Diagram” by the PPS. Source: (PPS 2003b). 
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The next part is viewed from open space typology (Sandalack & Uribe, 2010) (figure 9). It ranges 

from most permanent to less permanent, which is land, public realm, built form, program, trend and 

fashion. Within the context of environmental factor, only the first three elements are considered. 

The combination of these three elements, in fact, represents the ratio of ‘naturalness’ which used by 

Nikolopoulou (2003) for thermal psychological adaptation (refer to figure 4).  

Other than that, according to conceptual model of sociocultural system (figure 8), the land is the 

platform for ecological system, where support all the infrastructure of social environment and 

enable the formation of superstructure that included all the ideology, beliefs, values and norms of 

certain community (Elwell, 2013). This has been viewed by Auliciems & Szokolay (1997) and 

called that as climate-cultural practices & norms. Seeing thermal response from this viewpoint, 

climate-cultural practices cover the ethnic norms or technologies dealing with their living 

environment. 

 

 

Fig. 8 The conceptual model of sociocultural 

system.(Source:https://en.wikipedia.org/wiki/Sociocultural_system) 
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Fig. 9: The naturalness and climate cultural practices derived from urban space typology. 

Therefore, the conceptual framework is basically underpinned by three major factors, in which are 

human factor (pedestrian needs) is prior to environmental (naturalness) and socio-cultural (climate 

cultural practices) factor. Naturalness is most direct to human thermal sensory response whereas 

climate cultural practices more to affect human thermal perception. At last, they would give an 

effect to human thermal psychological response, as showed in figure 10.  

 

Fig. 10: The influencing factors to thermal psychological response. 
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Lastly, the results would combine with other physical factors like climatic and human thermos-

physiological factors to give our body and mind to react and adapt to the outdoor thermal condition. 

The expected adaptive flow has been showed in figure 11.  

 

Fig. 11: The flow of thermal psychological adaptation.  
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11. RESEARCH DESIGN 

It firstly will focus on the design of study, in which followed by literature review where a 

theoretical and underpinning framework to be developed through an extensive review on existing 

thermal comfort studies around the world. Through the literature review stage, it is expected to give 

an overview of thermal comfort studies trend, especially in terms of assessment methods, theories 

and approaches. This is to define the scope of study. 

Following the reviewed materials, the Stage 3 will design the study methodology determining the 

research parameters, the measurement method to be used, as well as the tools and equipment for 

data collection. In this research, it will involve site investigation on the pedestrian aged between 18 

- 60 years old. Gender, race or nationality will be equally distributed throughout the survey stage. 

A list of questions will be distributed during site survey as proxy indicators, where these indicators 

are directly linked to measure those influencing factors of thermal comfort in terms of 

environment, socio-culture and human factors mentioned in last section. The questionnaire will be 

based on key themes highlighted in the last section as well. Site measurement will be conducted on 

site at the same time as well, mostly used as the climatic and physiological factors for adaptive 

mechanism measurement. Several tools are necessary for the survey, which included: one set 

portable weather station that able to measure the air temperature, radiant temperature, wind speed 

and relatively humidity next to the respondent, a health watch that able to measure heart rate and 

blood pressure of respondent during the survey, a 360 degree camera to record the site condition 

from the angle of respondent. All the physical measurement, in fact, is also act as controlled 

variables in order to determine whether the landscape experience give some psychological impacts 

to human thermal sensation and perception.  

All the collected data then to be analyzed based on the study objectives, in which to determine both 

thermal and non-thermal indicators of thermal comfort. From there, the model for outdoor thermal 

comfort will be basically tested in terms of validity and reliability. Lastly, the study will be 

concluded with the introduction of outdoor thermal comfort study model for hot region, followed 

by the study contribution, limitation and future study recommendation. 
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Fig. 12: The flow and outline of study. 

 

12. SIGNIFICANCES OF STUDY AND KEY CONTRIBUTIONS 

The final outcome is expected to develop a practical model for assessing outdoor thermal comfort, 

particularly during hot weather. The result can also be a reference for urban professionals like 

planners, landscape architects and policy makers during the process of design and planning for 

outdoor public spaces. The target of this study is not only to mitigate the physical discomfort of 

pedestrians but also to encourage pedestrian walking in terms of thermal psychology. With a more 

humanized design and planning in pedestrian system, it also helps the implementation of People-

Oriented Cities. Such implementation will effectively mitigate the urban warming effects as well. 

  

Introduction 
Background, Problem statement, Objectives, Scope of study 

Literature Review 
Trend of studies, Research foundation, Research gap,  

Theoretical framework 

Research Methodology 
Conceptual framework, Site context and scale,  

Design of parameters and methods, Tools and softwares used 

Results, Analysis and 
Discussion 

Findings based on 

objectives 

 

Conclusion 

 An assessment model of pedestrian outdoor thermal comfort and 

adaptation in hot and humid region. 

 Contribution, limitations & recommendation  
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13. RESEARCH PLANNING AND SCHEDULE (GANTT CHART)  
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