
  

 

ABSTRACT 

             Season plays a key role in the development of outdoor spaces for pedestrians in hot humid cities.  This research 

studies the influence of seasonal variations on pedestrian thermal comfort on the pedestrian level by means of meteorology 

and field observations of selected footpaths in the major tourist area of Malacca.  This experiment was carried out on selected 

clear calm days indicative of each season during the development of a research project, and hourly meteorological transects 

from 10:00 am to 6:00 pm and questioned 200 respondents on their thermal awareness, comfort, and preferences were 

conducted.  Adaptation, thermal comfort vote, thermal preference, age, season and hour of the day were significant 

non-meteorological factors, apart from meteorological information.  The findings of analyzes showed that the thermal 

experience and expectation existed and in different seasons people changed perceptions for the outside thermal environment. 

Almost 80% local tourist and 55 % international tourist was accepted Physiologically Equivalent Temperature (PET) range 

affected by the local climate and thermal adaptation.  The subjective thermal sensation on physiological equivalent 

temperature generated an acceptable physiological equivalent temperature of 32.6°C to 36.8°C based on the seasonal 

variations for Malacca tourist zone in Malaysia.  These findings shed light on the optimal design of outdoor spaces for 

increasing the utilization rate.  The seasonal variation must be taken into account so that the outdoor landscape design 

provides more opportunities for different seasons to communicate with the atmosphere and so enhance thermal comfort and 

utilization. 
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INTRODUCTION 

             To enjoy public spaces, a comfortable thermal 

atmosphere is important.  Successful public spaces draw a 

large number of people who in turn are economically 

beneficial for companies, workers and residents and 

regions.  Apart from that outdoor urban spaces are the 

outdoor places for people to walk on or engage in recreation 

and social activities mostly [1], [2].  However, designers and 

architects who want to improve urban quality through the 

promotion of public space utilization face difficulties in 

assessing the effects on human comfort or activities of 

different design ideas.  These studies have found that the 

microclimate response can be unconscious but often 

contributes to the different use of urban space in different 

climates.  However, detailed microclimate analysis and 

thermal comfort assessments have been carried out only in 

the last decade because of advances of techniques in the 

fields of urban climatology and biometeorology, such as 

Gothenburg, Sweden [3]; Matsudo, Japan [4]; Taichung, 

Taiwan [5]; Huwei, Taiwan [6]; Athens, Greece [7]; Szeged, 

Hungary [8]; Tianjin, China [9]; Malaysia [10].  Some 

research in the temperate, tropical and subtropical areas 

investigated whether there was a link between population 

numbers and thermal environment and showed the increase 

of space participants in public spaces with increased air 

temperature (Ta) or mean radiant temperature (Tmrt) 

throughout the year [11]–[15].  Such studies showed that the 

thermal needs of people in different regions vary because of 

climatic adaptation, and climatic conditions in some areas  

influence the thermal adaptation capacity of local people.  

The literature reviewed notes that outside thermal comfort 

in an urban environment is a complex issue with numerous 

concerns.  The evaluation process must operate at least four 

levels: physical, physiological, psychological, and 

social/behavioral [16], [17].  However, physiological 

adaptation to a climate is generally slow and has not been a 

focus of thermal comfort studies.  Conversely, the impacts of 

psychological adaptation and behavioral adjustment on 

thermal comfort are significant [18]–[20].  A very few 

studies have examined how psychological factors influence 

thermal comfort, indicating that the experience at a 

particular season in a particular space alter how a thermal 

environment is perceived, and the respondent adjusts their 

expectations in different seasons [17].  Most cities in 

peninsular Malaysia experience high temperatures and 

humidity without significant variations all year-round.  

However, there is a seasonal climate change controlled by 

the monsoons.  The monsoons reflect major changes in wind 

and rainfall conditions.  The Monsoon Season can be 

categorized into two Monsoon Phases, specifically the 

Northeast Monsoon Season (November to March), the 

Southwest Monsoon Season (May to September) and the 

Inter Monsoon Season (April and October) with a wind 
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speed of 3–7 m/s [21]. Therefore, the seasonal pattern is 

worth studying.  This study aims to obtain an understanding 

of pedestrians’ thermal sensations and their dynamic 

responses to the variation in outdoor climates at the 

pedestrian level for different seasons in the Malacca tourist 

area in Malaysia. This will provide fundamental knowledge 

of the thermal comfort evaluation for tourist demand in this 

region. 

 

RESEARCH METHOD 

             Malacca city (the capital of Malacca state) has 

expanded over the past 10 years, especially after being 

designated as a UNESCO World Heritage Site in 2008.  

Malacca city is located in the south-western part of 

peninsular Malaysia (2.29 °N, 102.30 °E) and encounter 

high temperatures and humidity in most of the days over the 

year, without much fluctuation.  The average temperature is 

21–32°C, and the humidity varies from 70–90%.  In 

Malaysia, March is the hottest month, rendering it 

preferable to understand the worst condition.  However, the 

present study was conducted in June –July to represent the 

southwest monsoon period and March to represent the 

northeast monsoon period to obtain the average 

temperature, humidity, and wind speed for understanding 

the seasonal impact on thermal comfort range for local and 

international travelers.  The thermal influence of the radiant 

fluxes was assessed by a globe thermometer.  Based on globe 

temperature Tg (°C), the globe’s emissivity (εg), the globe’s 

diameter (D in mm), and mean radiant temperature (Tmrt in 

°C) were calculated for forced convection and in sunshine 

conditions under direct solar radiation.  The investigation 

was taken for 5 consecutive days and in two sessions.  The 

first session of data collection was from June 30 to July 4, 

2018, and the second session of data collection was from 

March 15, 2019, to March 19, 2019. The data collection 

time for both sessions was from 10:00 am to 6:00 pm. 

 

Filed Measurement Scenarios 

             The Field investigation outlined seven scenarios on 

the base of the existing situation of the waterbody and 

current setting of the footpaths of the Malacca tourist area.  

However, in the interest of accurate quantification of the 

influence of the seasonal variance, wider water body 

pertaining to vegetation, one scenario, was omitted. As it 

was established that proper vegetation and waterbody 

reduce the air temperature and improve the outdoor thermal 

comfort [22].  These scenarios are tabulated in Table 1. 

 

Estimation of Meteorological data and Physiological 

Equivalent Temperature (PET) 

             Air Temperature (Ta), Globe Temperature (Tg), 

Surface Temperature (Ts), Relative Humidity (RH), and  

Wind Speed (Va) were regularly calculated at 10-minutes 

interval from 10:00 am to 6:00 pm, on each survey day.  The 

survey was started from 10:00 am as during this time, both 

the solar radiation (Tmrt) and Ta, Ts are started to increase.  

The instruments followed the ISO 7726 standard and kept 

on a tripod at 1.1 m above the ground.  The data on Ta (°C), 

Ts (°C), RH (%), Va (m/s), Tmrt (°C), cloud cover (Octas) 

and water vapor pressure (VP) was calculated by RH 

conversion using the RayMan model are input for 

calculating the PET values. RayMan 1.2 was utilized in this 

work to determine the levels of PET.  There is a small and 

almost negligible PET variance between men and women of 

standard height and weight (~0.1°C).  Therefore, this work 

selected males who are 1.75 m in height, weighing 70 kg 

and are 35 years old as its calculation standard.  Statistics 

tell us that the activity of 87% of tested peoples on the 

pedestrian side walkway involves walking (~0.9 m/s), which 

corresponds to a metabolic rate of 115 W/m2 (taken as the 

calculation parameter).  The mean clothing thermal 

resistance of the tested persons is ~0.90 clo. 

 

Table-1.Description of the Scenarios 
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Brick 18m 0-3m Trees x 
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 Scenario 

III 

Brick 15m 30-35m N/A  

Scenario 

IV 

Brick 15m 0-3m N/A  
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I Scenario 

II 

Clay 

Tile 

18m 0-3m Min 

Plants 

 

Scenario 

VI 

Clay 

Tile 

18m 30-35m N/A  

G
ro

u
p

 I
II

 Scenario 

V 

Clay 

Tile 

15m 0-3m N/A  

Scenario 

VII 

Clay 

Tile 

15m 30-35m N/A  

 

Subjective Measurement 

             The questionnaire was distributed to 200 

respondents selected randomly from each of the chosen 

sites.  The questionnaire based survey was conducted 

parallel with the testing of the environmental variables in 

this study.  Subsequently, the participants answered the 

questionnaires for expressing their subjective measurements 

of the present thermal environment.  Furthermore, to assess 

the correlations among each environmental variable and the 

thermal comfort, the questionnaire data were evaluated and 

the environmental variables were calculated.  The survey 

questionnaire was subdivided into three sections as follows: 

(1) Information of the subjects including the gender, age, 

nationality, and duration in the Malacca heritage site. (2) 

Clothing, food, and activity levels. (3) Based on the 

subjective sensation and perception of comfort concerning 

the climatic conditions.  Besides, the thermal comfort was 

used to forecast the samples answers to the overall thermal 

environment, including air temperature, air velocity, and 

relative humidity.  According to the above studies, the 
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perception of comfortable feeling was measured on a 4 point 

scale having “Comfortable (0)” as the point of derivation 

followed by “Slightly Uncomfortable (1)”, “Uncomfortable 

(2)”, and “Very Uncomfortable (3)” [11], [23].  In this 

research, the perception of behavioral adjustment and the 

physiological acclimatization was tested using the 

questionnaire based on uncomfortable weather parameter 

with 4-point scale respectively “Wind Speed (+1)”, “Air 

Humidity (+2)”, “Air Temperature (+3)” and “None (0)” to 

observe how percipients are adapting the environment as 

there was the presence of uncomfortable parameter.  

Therefore, in the survey, another question was “The 

environment is comfortable in terms of thermal comfort 

with direct answers: “Not Acceptable (-1)”, “Neutral (0)”, 

“Acceptable (1)”.  It was used to estimate whether the 

subjects were satisfied with the surrounding thermal 

conditions. 

 

RESULTS 

The Physiological Equivalent Temperature (PET) of 

Three Group Respectively in Southwest Monsoon 

Season (June-July 2018): 

             The PETs of the six scenarios were analyzed and 

illustrated in Figures-1, 2, and 3, respectively the prolonged 

exposure to solar radiation led to marked fluctuations in 

PET during the daytime. Figures-(1–3) demonstrates that 

according to the recorded data, the PET values of all 

scenarios were >30°C (upper comfort threshold). 

 

 

  Figure-1.  PET in Group I (scenarios III and IV) 

 

 

Figure-2.  PET in Group II (scenarios II and VI) 

 

             From 11:40 am to 3:00 pm, the PET values 

exceeded this threshold, and the thermal comfort declined 

remarkably.  At scenario IV from Group I, adjacent to the 

Melaka River, the brick pavement for the pedestrian 

walkway, without any operative screening effectuated by the 

surroundings, offered minimal comfort conditions.  

Although scenario III was away from the Melaka River with 

the brick pavement similar to that of site IV, the PET values  

 
 

Figure-3.  PET in Group III (scenarios V and VII) 

 

were in the slightly warm range at the measurement time 

(mostly around noon).  Nevertheless, the PET values were 

generally higher than the acceptable range for the tropical 

climate.  Figure-2 shows that the values of evaluated PET of 

Group II where scenario II was noticeably lesser than that of 

scenario VI for the period of the measurement procedures.  

Hence, the scenario II, adjacent to the Melaka River with 

clay pavement for the sidewalk and rest, can easily transmit 

solar radiation with an evaporative cooling system with the 

water body.  PET values at Group III were noticeably higher 

than that in any of the previous scenarios for the period of 

the measurement procedures.  Furthermore, at scenario VII, 

PET was 40℃–44 ℃, which indicated an extremely hot 

environment from 12:00 pm to 4:30 pm.  The study area was 

measured subsequently for 5 consecutive days at every 

scenario for sample different weather conditions 

(sunny/cloudy).  Sunny days were deemed best for 

evaluating the meteorological parameters.  Although the 

majority of the survey days were sunny, a cloudy day with a 

short drizzle period (June 1 and June 2, 2018) was also 

considered as the typical hot climate in Malacca is slightly 

overcast with direct sunlight or rain showers. 

 

The Physiological Equivalent Temperature (PET) of 

Three Group Respectively in Northeast Monsoon Season 

(March 2019) 

             Figure-4 shows the calculated values of PET for 

both scenarios of Group I. PET values of both scenarios are 

usually above the maximum Comfort Limit of 30°C during 

the investigation.  In Scenario III, next to the water body of 

Malacca, with a brick pavement for a footpath without 

surroundings operational screening, most of the moment, 

the comfort is essentially the least.  It is visible that 

particularly around noon during the measurement moment, 

in scenario IV the PET values are closer to the very hot 

range and it was away from the Malacca water body with the 
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same brick pavement for a pedestrian walkway without any 

effective screening generated by environ.  It has been shown 

that PET values for both areas are above the acceptable 

range (less than 34°C) the whole time of the assessment 

operation, despite the significant variations of their heat 

circumstances between the situations. 

 

 

Figure-4.  PET in Group I (scenarios III and IV) 

 

 
 

Figure-5.  PET in Group II (scenarios II and VI) 

 

             It is nevertheless apparent that values of PET 

calculated in Scenario II (Figure-5) significantly less than 

the Scenario VI of group two.  Consequently, Scenario II 

was 18 meters wide with clay pavement, close to the 

Malacca River, for sidewalks and rests which readily can 

transmit solar radiation.  Thereby, approximately, the 

acceptable period of the thermal condition within Scenario 

II was obtained in the late morning and late afternoon.  

Nevertheless, Scenario VI was considered to higher for 

thermally comfortable comparing to Scenario II with the 

abovementioned periods.  During the measurement periods, 

at Scenario VI, PET was gone to 44℃ which indicated a 

very hot environment and from 11:20 am to 4:30 pm 

(Figure-6).  Nonetheless, it is visible that the values of the 

calculated PET of group three were noticeably higher than 

any of the previous group for the period of the measurement 

procedures.  During the measurement periods, at Scenario 

VII which is away from the water body, PET was 39 ℃ to 

44℃ which indicated a very hot environment and from 

11:20 am to 5:00 pm.  The probability was nevertheless very 

low at PET < 34 ° C (acceptable range) for Scenario V 

though it is close to 15m wide water body, whereas, because 

of the high amount of solar radiation at the location, the 

calculated PET values were largely above the limit from 

11:40 am to 4:30 p.m.  Now in these fields investigate the 

survey days were sunny and very hot (March) because 

March is the hottest period for Malaysia [24]. 

 
 

Figure-6.  PET in Group III (scenarios V and VII) 

 

The Physiological Equivalent Temperature (PET) of 

Two Seasons 

 

 
 

Figure-7.  Average PET in six scenarios of two 

Seasons (June-July 2018 & March 2019) 

 

             From Figure-7 it can be established that during 

the daytime, the PET values of the chosen scenarios were 

higher than the comfortable range in both seasons.  However, 

in southwest monsoon season, PET was less than northeast 

monsoon season. 

 

Thermal Satisfaction and Preference between Local and 

International Respondent 

             Figure-8 to Figure-10 present the frequency 

distribution of sensation and preference levels between the 

local residents and tourists. 
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Figure-8. Air Temperature sensation and preference of 

respondent in six scenarios 

             Based on the survey findings (Figure-8), the 

maximum recorded percentage (76%) was assigned to the 

respondents who felt warmer.  The preference votes 

indicated the homogeneity of responses of the local and the 

international respondents.  Figure-9 showed that 38% 

Internationals and 72% locals expressed that the humidity 

was acceptable, while <10% stated a neutral vote as opposed 

to 6% (local respondents) that thought it to be dry.  On the 

other hand, 52% of the respondents, who were locals, 

preferred the humidity level to remain unchanged.  

According to the survey results (Figure-10), 45% of local 

respondents and 50% of the international respondents 

declared the Va was gentle and comfortable.  The outcome 

was in agreement with the light and variable wind 

conditions throughout the data collection process (v=0.13 

and 2.15 m/s, respectively).  In addition, the wind 

preference of the individuals indicated that the prevailing 

gentle wind from the riverside made them feel comfortable, 

deeming it as improved climatic conditions.  Manteghi 

(2015) found that Va (0.3–6.3 m/s) and orientation are 

critical factors in increasing the overall cooling effects of the 

water bodies [21], [25]. 

 

 
 

Figure-9. Relative Humidity sensation and preference of 

respondent in six scenarios 

 

 
 

Figure-10. Wind Speed sensation and preference of 

respondent in six scenarios 

 

             In Figure-12 responders (mostly international 

tourists) considered humidity as the most un-acceptable 

parameter whereas locals considered air temperature.  .But 

in Figure-11 most of them believed that the thermal 

environment was acceptable though it crosses the thermal 

comfort range in both field investigation.  The respondents 

clarified their overall thermal comfort concerning the 

seasonal condition as acceptable or not acceptable and 

neutral. 

 

 
 

Figure-11. Thermal Comfort Sensation for Locals and 

Internationals in six scenarios 

 

 
 

Figure-12. Unpleasant weather parameter for Locals and      

Internationals in six scenarios 

 

            According to the results of the pilot test, 80% of the 

locals and 55% of the international respondents claimed 

that the overall comfort condition was acceptable or 
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comfortable.  Intriguingly, a majority of the respective votes 

on the acceptable and comfortable choices were related to 

the afternoon period (12:00 pm–4:00 pm) with high heat 

stress.  For comparing the acceptability of the thermal 

comfort between national and international respondents, an 

independent sample t-test was performed. Scores for 

nationals (Mean=2.66, Std. Deviation=0.633) and 

internationals (M=2.64, SD=0.710), where t=0.133 and 

P=0.885 confirmed the lack of significant differences. 

DISCUSSION 

             It analyzed the seasonal effect of outdoor thermal 

comfort, compared subjective and objective comfort 

measures and explored how different environmental and 

non-environmental factors affect subjective thermal 

sensation.  There is clear evidence that PET varies from 

season to season (Figure-7) although both the local and 

international respondents declared that they felt 

“comfortable” or the conditions were “acceptable”.  

According to the adaptive comfort speculation, people react 

in ways to restore comfort if a transition generates 

discomfort [26].  This can typically be divided into three 

major paths: behavioral adjustment, physiological 

acclimatization, and psychological adaption [16].  This pilot 

study confirms once again the behavioral adjustment, 

physiological acclimatization and psychological adaption.  

Despite the unpleasant weather parameter (Figure-12) 

behavioral patterns are different and show a lag of 

behavioral response to the changing climate in Figure-11.  

As derived from the Figure-1 to Figure-6, the respondents 

are adaptive with the thermal comfort range despite a high 

PET value in every season.  Again, psychological adaption 

including habituation, expectation, preference, and 

perceived control also plays an important role in occupants’ 

thermal responses to thermal environment change.  A study 

[27] found that psychological adaption can speed up the 

process of thermal adaption to the variations of the outdoor 

climate conditions.  Another study [28] also revealed that 

occupants’ expectations affect their ability to adapt to a 

non-neutral indoor climate.  Some studies indicated that 

subjects with high perceived control tended to report more 

positive comfort perceptions [29].  The unique culture and 

living habits of people in this region may also make the 

results of this study differ from other studies with different 

regions and people [16].  Finally, we can summarize that 

adaptation is the capability of an individual living in a 

certain climatic zone to adapt to the local climate.  It 

includes the adaptive performance of physiological 

regulation as well as behavioral and genetic factors.  

Besides, repeated thermal exposure can influence the 

human body to physiologically adapt to a specific thermal 

environment.  It was reported that the low outdoor 

temperature could help people adapt to the coolness, and 

high outdoor temperature could help people adapt to the 

warmth [30], [31].  The results show that although the 

climatic conditions strongly influence the thermal sensation 

of users, psychological adaptation plays an important role in 

outdoor human thermal comfort.  Results of the field 

investigation clarify that the respondents (both groups of 

local and foreigners) have become more tolerant of the 

warm thermal environment due to their expectation of the 

outdoor environment in the tropical climate. 

CONCLUSION 

             This study presented valuable data concerning 

human thermal comfort with seasonal variance in outdoor 

spaces at the Malacca tourist area.  A solution for the 

worst-case scenario of the microclimate is expected not to be 

optimum for all circumstances.  On this ground, the city 

planners must consider the thermal adaptability of the area 

where a city is being planned.  For example, in most days of 

the year in Malaysia has high temperatures and humidity, 

without much fluctuation, and in March a couple of very 

warm days.  Subsequently, have to think twice about while 

designing and planning a city for these few days or the rest 

of the climatic situation.  The city attracts a large number of 

international travellers every year, and since the tourism 

industry is one of the most important industries due to its 

economic value, the physical environment and 

psychological adaptations must be complementary.  This 

study investigated the influence of micrometeorological 

conditions and thermal adaption on the number of 

pedestrians in the hot and humid regions.  The outcomes of 

the field measurement indicated that the values of PET in 

the six scenarios in two seasons were higher than the 

comfort range defined for the tropical climate (PET<30 ℃).  

However, the pedestrians adjusted their perception towards 

thermal adaption because they have psychologically adapted 

with the season. 
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