
~ 19 ~ 

International Journal of Geography, Geology and Environment 2025; 7(3): 19-28 
 

 
 

P-ISSN: 2706-7483 

E-ISSN: 2706-7491 

NAAS Rating: 4.5 

IJGGE 2025; 7(3): 19-28 

www.geojournal.net 

Received: 13-01-2025 

Accepted: 17-02-2025 
 
Bunleng Se 

Department of Geography and 

Land Management, Royal 

University of Phnom Penh, Russia, 

Khan Toul Kork, Phnom Penh, 

Cambodia  

 

Daniel M Choi 

Department of Geography and 

Land Management, Royal 

University of Phnom Penh, Russia 

Federation Boulevard, Khan Toul 

Kork, Phnom Penh, Cambodia 

 

Lutz Katzschner 

Institute for Climate and Energy 

Concepts (INKEK), Schillerstrasse 

50, D-34253 Lohfelden, Germany 

 

Chandary Rang 

Department of Geography and 

Land Management, Royal 

University of Phnom Penh, Russia 

Federation Boulevard, Khan Toul 

Kork, Phnom Penh, Cambodia 

 

Nyda Chhinh 

Department of Economic 

Development, Royal University of 

Phnom Penh, Russia Federation 

Boulevard, Khan Toul Kork, 

Phnom Penh, Cambodia 

 

Net Yav 

Department of Geography and 

Land Management, Royal 

University of Phnom Penh, Russia, 

Khan Toul Kork, Phnom Penh, 

Cambodia 

 

Janalisa Hahne 

Institute for Climate and Energy 

Concepts (INKEK), Schillerstrasse 

50, D-34253 Lohfelden, Germany 

 

Sebastian Kupski  

Institute for Climate and Energy 

Concepts (INKEK), Schillerstrasse 

50, D-34253 Lohfelden, Germany 

 

 

 

 

 

 

 

 

Corresponding Author: 

Bunleng Se 

Department of Geography and 

Land Management, Royal 

University of Phnom Penh, Russia, 

Khan Toul Kork, Phnom Penh, 

Cambodia 

 

Characteristics of the urban heat island in a tropical 

city of Phnom Penh, Cambodia 

 
Bunleng Se, Daniel M Choi, Lutz Katzschner, Chandary Rang, Nyda 

Chhinh, Net Yav, Janalisa Hahne and Sebastian Kupski 

 

DOI: https://www.doi.org/10.22271/27067483.2025.v7.i3a.349  

 
Abstract 
The rapid urbanization drives Phnom Penh, Cambodia experiences the increased urban heat island 
(UHI) effects. However, no studies on the UHI effect in Phnom Penh have been conducted to date. Air 
temperature and ventilation data during 2021-2023 were used to investigate daily, seasonal, yearly 
variations of the UHI intensity and evaluate the impact of ventilation on the UHI intensity in Phnom 

Penh. Findings indicated the UHI intensity is stronger during the daytime (0.55 C) than at night (0.25 

C) in dry season, primarily due to the increase in impervious surfaces that trap more thermal energy 

throughout the day. Furthermore, the UHI intensity is greater in the dry season with 0.40 C than in the 

wet season with 0.15 C, mainly due to the less moisture and the cold island effects occurred during the 
cooler and drier months. The study emphasizes the importance of implementing approaches to mitigate 
the UHI intensity in Phnom Penh. 
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Introduction 
Urbanized areas experience higher temperatures than suburban or rural areas, a phenomenon 
known as the urban heat island (UHI) (Oke, 1982; Yuan and Bauer, 2007; Li et al., 2011) [35, 

56, 21]. This temperature difference derives from urbanization development that create more 
impervious surfaces due to the decrease in natural landscape, increasing their capacity to 
absorb more thermal energy, thus exacerbating the UHI effect (Imran et al., 2021; Vujovic et 
al., 2021; Aboulnaga et al., 2024) [17, 48, 1]. Furthermore, human activities also produce heat to 
contribute to this phenomenon (Grajeda-Rosado et al., 2022; Kabisch et al., 2023; Liu et al., 
2024) [15, 18, 22]. Urbanization has substantially altered albedo and urban structures (Son et al., 
2017; Smith et al., 2022; Kabisch et al., 2023; Schlaerth et al., 2023) [43, 42, 18], 39] contributing 
solar radiation absorption which influences temperature disparities between urban and rural 
environments (Vujovic et al., 2021; Wu et al., 2021) [48, 53]. 
Urbanization due to the increase of urban population (Ünal et al., 2020; Delazeri et al., 2021; 
Kim and Brown, 2021; Marcotullio and Sorensen, 2023; Kang et al., 2024) [46, 8, 20, 25,19], 
economic growth (Di Clemente et al., 2021; Shaban et al., 2024; Anwar et al., 2025) [9, 41, 4], 
and the increase of physical infrastructure (Halder et al., 2021) [16], is a main factor in the 
UHI effect. Currently, there is a remarkable trend showing the increased movement of more 
people to cities for employment and housing. In 1950, 30% of the global population resided 
in urban areas, increased to 55% by 2018 (UNDESA, 2019) [47] and is expected to increase 
68% by 2050 (UNDESA, 2019) [47]. This urban migration is expected to increase human 
activities and further expansion of urban areas (Milovanovic et al., 2020; Angel, 2023; Lu et 
al., 2023) [27, 3, 24]. 
The urban area of Phnom Penh has expanded rapidly in recent decades, from 40 km2 in 1990 
(Mialhe et al., 2019) [26] to 678.47 km2 in 2017 (NCSD et al., 2019) [29]. This growth has 
transformed agricultural and natural land into impervious artificial surfaces. In 2003, 
approximately two-thirds of the city was agricultural land, while by 2023, artificial surfaces 
covered more than two-thirds of Phnom Penh (Figure 1a & b). 
Temperature variations in Phnom Penh are likely affected by rapid urbanization, population 
increase, and the increase in economic activities. The fast increase in tall buildings creates a 
complex urban structure that captures more heat and changes air flow patterns, increasing 
thermal energy absorption and increasing urban temperatures.  
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Converting natural landscape in Phnom Penh to impervious 

artificial surfaces, potentially reduces air circulation and 

worsen the UHI effect. High density in the urbanized areas 

of Phnom Penh may impact ventilation from surrounding 

areas, significantly contributing to the UHI effect. 

 

  
 

Fig 1: Land use/land cover change of Phnom Penh in (a) 2003 (WBG, 2023) [51] and (b) 2023 (Esri, 2024) [13] 

 

The UHI presents significant challenges for energy 

consumption and human health in urban planning. The 

urban climate analysis is crucial for developing the UHI-

related mitigation and adaptation strategies to deal with 

these challenges. Therefore, understanding the UHI 

intensity in Phnom Penh is essential for developing effective 

urban climate design and planning approaches to mitigate its 

impact. However, no studies on the UHI effect in Phnom 

Penh, Cambodia, have been conducted to date. A case study 

was conducted in Phnom Penh to examine the UHI 

characteristics. This study aims to analyze the UHI effect in 

Phnom Penh, Cambodia by investigating the variations in 

daily, seasonal, and annual UHI intensities; and evaluating 

the impact of ventilation on the UHI intensity in Phnom 

Penh. 

 

Materials and Methods 

Study Area 

Phnom Penh, with its coordinates 11.562108, 104.888535, 

is positioned where the Tonle Sap, Tonle Bassac, Upper 

Mekong, and Lower Mekong rivers meet (Olson and 

Morton, 2018) [36]. The city, along with rest of Cambodia 

experiences a tropical monsoonal climate with yearly 

average rainfall of 1557.07 mm and temperature of 29.61 °C 

(WBG, 2024) [52]. Its population density reaches 13.6% 

(NIS, 2025) [33], and it functions as the main economic 

center, being the largest and most rapidly expanding urban 

area in Cambodia (WBG, 2017) [50]. As a result, the land 

cover of Phnom Penh has changed from permeable to 

impermeable surfaces (Babel et al., 2021) [6], which may 

capture and store more heat during daytime. 

This research was conducted in BKK and RSK (Figure 1a & 

b). BKK is an urbanized district with 66,658 residents in a 

4.1 km2 area (NIS, 2019) [32], creating a high population 

density of 16,258 people per km². Its crowded population 

and limited area have resulted in numerous tall buildings 

that receive direct sunlight and absorb additional heat, 

intensifying the UHI effect behind these structures (Figure 

2a). Conversely, RSK is a suburb area with a larger 

population of 274,861 in 23.3 km² (NIS, 2019) [32], resulting 

a lower density of 11,797 people per km². This district 

features low-rise buildings and more open spaces, allowing 

better air circulation. This reduces the UHI effect in RSK 

compared to BKK (Figure 2b). 

 

  
 

Fig 2: Professional wideband code division multiple access/global system for mobile communication weather station in (a) BKK and (b) 

RSK 
 

Data Sources: For this study, two automatic weather 

stations (AWSs) were installed in BKK at coordinates 

104.925365, 11.548953, and RSK at coordinates 104.901, 

11.614014 (Figure 1a & b). These stations were installed on 
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building rooftops to continuously record data of air 

temperature, wind velocity, and wind direction at 5-minute 

intervals from January 1, 2021 to December 31, 2023. The 

5-minute data was then aggregated into 15-minute intervals 

to analyze daily, seasonal, and yearly variations of UHI 

intensity along with wind patterns. 

 

Methods 
The analysis of air temperature between urban BKK and 
suburban RSK illustrates the UHI intensity. This intensity 
differs across areas due to varying urban development 
stages and climate conditions. Therefore, it is crucial to 
examine the UHI intensity variations during day and night, 
as well as across different days, seasons, and years in both 
urban and suburban settings. Every 15 minutes of air 
temperature were calculated. To determine the UHI 

intensity, the suburban air temperature (  was 

subtracted from the urban air temperature ( , 

following the methodology of Oke (1973) [35], as shown in 
below equation: 
 

  (1) 

 
Thus, 
 

  (2) 

 
Daily, seasonal, and annual UHI intensity variations were 
calculated and examined for both daytime and nighttime 
during the dry season (November-April) and wet season 
(May-October). Daily variation of the UHI (DVUHI) was 
examined based on the daily UHI range. Seasonal variation 
of the UHI intensity during day (SVUHIday) and night 
(SVUHInight) was defined by the wet and dry UHI range, 
following the methodology of Sun et al. (2019) [44], as 
shown in the following equations: 
 

  (3) 

 

  (4) 

 

  (5) 

The study also investigated the role of ventilation in 

reducing the UHI intensity. A 15-minute wind velocity and 

direction data were collected to analyze the ventilation 

characteristics. Seasonal wind rose plots were created to 

identify prevailing wind directions over the study period. 

Regression analysis was also performed to evaluate the 

relationships between temperature difference and wind 

velocity. This analysis helped determine the strength of 

these relationships and assess the impact of ventilation on 

UHI intensity at the city scale. 

 

Results and Discussion 

Air temperature variation 

Air temperature data from the AWSs during 2021-2023 

were utilized to study the temperature variation. Result 

shows that average air temperatures in BKK is higher than 

that in RSK. This temperature difference is likely due to tall 

buildings, dense neighborhoods, and narrow street canyons 

in BKK, which restrict wind flow and reduce cooling effects 

in the city center. Average temperatures in BKK are 28.98 

°C, 28.91 °C, and 29.13 °C from 2021 to 2023, while those 

in RSK are slightly lower at 28.72 °C, 28.43 °C, and 29.06 

°C, respectively (Figure 3). These findings demonstrate that 

BKK consistently experienced higher temperatures than 

RSK throughout the study period. This aligns with research 

from other global cities, Mughal et al. (2020) [28] and Ng 

(2015) [30] reported higher temperatures in the urban areas of 

Singapore compared to the suburban regions. Nichol et al. 

(2014) [31] observed similar patterns in Hong Kong. Zhang 

and Ren (2005) [58] observed that the UHI intensity 

increased the annual mean temperature in the urban areas of 

Shandong province in China. Ayanlade et al. (2021) [5] also 

found that built-up areas have higher air temperatures than 

vegetated areas. Dian et al. (2020) [10] confirmed the UHI 

effects in the built environment of Budapest. Milovanovic et 

al. (2020) [27] showed that built-up areas of Belgrade stay 

higher year-round temperatures than surrounding areas. 

Locally, Se et al. (2024) [40] reported that the urbanized area 

of Phnom Penh experiences higher temperatures than the 

suburban areas. This study confirms that average 

temperature in BKK is consistently hotter than RSK in 

Phnom Penh throughout the study period. 

 

 
 

Fig 3: Air temperature of the study area 
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Daily urban heat island intensity 

The hourly variation of the UHI intensity was analyzed 

using recorded data from the ground-based AWSs during 

2021-2023. Two representative days, March 16th (dry 

season) and September 28th (wet season) were selected for 

detailed observation and comprehensive comparison of 

hourly UHI intensity over the study period. Figure 4 shows 

that average daytime UHI intensity was 0.23 °C (dry 

season) and 0.95 °C (wet season) in 2021, 0.48 °C (dry 

season) and 0.32 °C (wet season) in 2022, and -0.44 °C (dry 

season) and -0.94 °C (wet season) in 2023. Average 

nighttime UHI intensity was 0.10 °C (dry season) and 0.24 

°C (wet season) in 2021, 0.25 °C (dry season) and 0.08 °C 

(wet season) in 2022, and -0.02 °C (dry season) and 0.20 °C 

(wet season) in 2023. Thus, the hourly UHI intensity was 

stronger during daytime than during nighttime in 2021 and 

2022. However, this pattern reversed in 2023 due to the 

alteration of thermal dynamics during the study period. Cold 

island effects occurred in some occasions during daytime in 

the both dry and wet seasons. This is consistent with 

findings of Gaffin et al. (2008) [14] in New York City, where 

the daytime UHI and cold island effects were observed in 

some locations. Tabassum et al. (2024) [45] also found that 

the daily maximum UHI intensity was stronger during the 

daytime than at night within the monsoon and pre-monsoon 

periods. Also, Sun et al. (2019) [44] reported that the diurnal 

intensity was greater in the urban area than in the suburban 

areas. Additionally, Yang et al. (2019) [54] also found that 

hourly UHI intensity was higher in the urban area of 

Changchun city than in the rural areas, particularly in the 

afternoon during 14:00. A similar pattern was observed in 

Phnom Penh by Se et al. (2024) [40], the hourly UHI 

intensity occurred around 14:00. These results indicate that 

the hourly UHI intensity in Phnom Penh generally occurs 

during daytime, with the presence of occasional cold island 

effects. Built structures, urban structures and urban 

geometry influence to higher daytime temperatures in the 

urban area of BKK compared to the suburban area of RSK, 

primarily due to the increased heat storage in underlying 

surfaces and buildings. This results in a typical daytime UHI 

phenomenon, particularly in the afternoon hours. 

 

 
 

Fig 4: Hourly variation of the UHI intensity of selected days in dry and wet seasons 
 

Seasonal urban heat island intensity: Daytime and 

nighttime seasonal variations of the UHI (SVUHI) intensity 

in the both dry and wet seasons were analyzed using 

ground-based AWS data during 2021-2023. The result 

shows that the average daytime SVUHI intensity was 0.55 

°C in the dry season and 0.01 °C in the wet season while 

average nighttime SVUHI intensity was 0.25 °C in the dry 

season and 0.30 °C in the wet season throughout the study 

period (Figure 5). Remarkably, this result also indicated that 

the daytime cold island effects occurred in some occasions 

leading to a decrease in the UHI intensity in the wet season. 

Supporting this study, Sun et al. (2019) [44] reported that an 

average SVUHI intensity is 1.38 °C during daytime 

compared to 0.74 °C during nighttime within the Yangtze 

Delta, China. This aligns with the study by Du et al. (2016) 

[11], who confirmed that higher daytime UHI intensity is 

0.98 °C compared to 0.50 °C during nighttime. More 

locally, Se et al. (2024) [40] also reported that the SVUHI 

intensity is stronger during daytime than during nighttime, 

especially in the dry season. Furthermore, Tabassum et al. 

(2024) [45] also found that the UHI intensity is stronger in 

the winter season (0.95 °C) than in the monsoon season 

(0.23 °C). Overall, this study indicates that the SVUHI 

intensity was generally stronger during the daytime than at 

nighttime. Therefore, the daytime SVUHI intensity tended 

to be higher in the dry season than in the wet season, likely 

due to lower humidity in mitigating the UHI intensity within 

the city and the increased heat accumulation on the urban 

impervious surfaces, which cannot be effectively dissipated 

due to lower wind velocities.
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Fig 5: The daytime and nighttime seasonal variation of the UHI intensity in dry and wet seasons 
 

Annual urban heat island intensity 

The data retrieved from both AWSs during 2021-2023 were 

used to examine the annual variations of the UHI intensity. 

Figure 6 shows that the annual variation of the UHI 

intensity is stronger during the daytime in 2021 and 2022 

while that occurred stronger during the nighttime in 2023. 

The cold island effect observed in 2023 because the high 

relative humidity occurred during daytime that may mitigate 

the UHI intensity. The daytime cold island effect in 2023 is 

the result of the recent growth of high-rise buildings and 

urban morphology (Wang et al., 2016) [29] that provide 

canyon shading in urban areas (Oke, 1982) [35]. This aligns 

with study by Yang et al. (2019) [54] who reported that the 

UHI intensity is stronger during nighttime than during 

daytime. Peng et al. (2012) [37] reported that an average 

annual UHI intensity of 1.5 ±1.2 C during the daytime is 

higher than that of 1.1 ±0.5 C during the nighttime. 

Similarly, Sun et al. (2019) [44] also confirmed that the UHI 

intensity is higher during the daytime than at nighttime. 

Furthermore, Ünal et al. (2020) [46] also reported that the 

daytime UHI intensity in Istanbul peaks significantly during 

the summer season, and Yue et al. (2019) [57] also confirmed 

the increased UHI intensity in the built-up areas compared 

to surrounding areas across the South, East, and Northeast 

parts of China during summer days. Overall, this study 

indicated that daytime UHI intensity occurs more often than 

nighttime UHI intensity in Phnom Penh. 

 

 
 

Fig 6: Annual variation of the UHI intensity during daytime and nighttime 
 

The relationship between ventilation and urban heat 

island 

Wind velocity and direction data from both AWSs during 

2021-2023 were analyzed for both the dry and wet seasons. 

Wind velocity is measured in meters per second (m.s-1). In 

BKK, maximum and minimum wind velocities ranged from 

3.30 to 4.70 m.s-1 and consistently 0 m.s-1 while those in 

RSK ranged from 5.20 to 7.20 m.s-1 and 0 m.s-1. Thus, the 

average wind velocity in BKK ranged from 0.44 to 0.73 m.s-

1 while that in RSK ranged from 1.44 to 1.67 m.s-1. 

The UHI intensity is influenced by ventilation 

characteristics. The growth of tall, dense buildings in BKK 

is likely to reduce inflowing winds contributing to higher 

UHI intensity in the area. In the dry season, the predominant 

wind flow in BKK originated from the South and Southeast, 

with velocities typically ranging from 0.0 and 3.8 m.s-1 

(Figure 7a). In the wet season, winds also came from the 

South and Southeast, with velocities generally between 0.0 
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and 3.6 m.s-1 (Figure 7b). In RSK, the lower building 

density is expected to increase inflowing winds leading to 

the weak UHI intensity. Wind flow during the dry season 

primarily originated from the South and Southeast, with 

velocities ranging from 0.0 to 5.4 m.s-1 (Figure 7c), while in 

the wet season, winds came predominantly from the South 

and Southwest, with velocities ranging from 0.0 to 5.8 m.s-1 

(Figure 7d). 

Urban structure and geometry have significantly impacted 

air temperature and wind patterns in both BKK and RSK. 

The rapid growth of high-rise buildings in the urbanized 

area of BKK restricts sky view factors and reduces 

ventilation resulting in lower wind velocities and a reduced 

capacity to dissipate heat. In contrast, wider open spaces and 

low-rise buildings in the suburban area of RSK allow the 

greater ventilation transporting heat out and reducing the 

UHI intensity in the area.  

Higher wind velocities in the suburban area of RSK 

contribute further to lowering the UHI intensity, and this 

finding aligns with studies conducted by Rajagopalan et al. 

(2014) [38] and Se et al. (2024) [40] demonstrated that higher 

wind velocities are correlated with the reduced UHI 

intensity. This is consistent with existing research indicating 

the role of wind in transporting the heat load from the city 

center (Du et al., 2016; Chen et al., 2020; Liu et al., 2020) 
[11, 7, 23]. Thus, this study supports the conclusion that the 

UHI intensity is greater in the urbanized area of BKK 

compared to the suburban area of RSK due to the reduced 

wind velocities in the more urbanized areas. 

 

  
 

Fig 7: Wind rose diagrams indicating wind velocity in m.s-1 in BKK in (a) dry season and (b) wet season, and RSK in (c) dry season and (d) 

wet season over the studied period 
 

Correlation between temperature difference and wind 

velocity: Daytime and nighttime temperature differences 

were determined by daytime average temperature minus 

nighttime average temperature. Temperature difference and 

average wind velocity were plotted to understand their 

relationships. Temperature difference and average wind 

velocity in BKK are negatively correlated during daytime 

and nighttime throughout the study period. Both daytime 

and nighttime temperature differences show significant 

correlations with average wind velocity in BKK (Figure 8). 

In particular, the daytime temperature difference in BKK 

showed a strong negative correlation with average wind 

velocity in both the dry season (R= -0.40, P<0.001) and the 

wet season (R = -0.40, P<0.001) (Figure 8a & b). The 

nighttime temperature difference also showed a negative 

correlation with average wind velocity, but the correlation is 

weaker. In the dry season, the correlation was negative, but 

it was not statistically significant (R= -0.12, P=0.111), while 
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in the wet season, it was significant (R= -0.21, P=0.005) 

(Figure 8c & d). Wind velocities were higher during the 

daytime than at nighttime. In the dry season, the average 

wind velocities reached 0.75 m.s-1 during the daytime and 

0.40 m.s-1 during the nighttime. In the wet season, it reached 

0.71 m.s-1 during the daytime and 0.27 m.s-1 during 

nighttime. 

As shown in Figure 9, the correlations between temperature 

difference and average wind velocity in RSK are negative 

during the daytime and nighttime over the study period. The 

daytime and nighttime temperature differences are 

significantly correlated with the average wind velocity in 

RSK. During the daytime, the temperature difference in 

RSK showed a strong negative correlation with average 

wind velocity in the dry season (R = -0.55, P<0.001) and the 

wet season (R= -0.37, P<0.001) (Figure 9a & b). During 

nighttime, temperature difference also showed a negative 

correlation with average wind velocity in both the dry 

season (R = -0.27, P<0.001) and the wet season (R= -0.19, 

P=0.009) (Figure 9c & d). Wind velocities were generally 

higher during the daytime than at nighttime. In the dry 

season, average wind velocities reached 1.54 m.s-1 during 

the daytime and 0.96 m.s-1 during the nighttime. In the wet 

season, the average wind velocities were 1.44 m.s-1 during 

the daytime and 0.66 m.s-1 during the nighttime. 

The correlations between temperature difference and 

average wind velocity in BKK and RSK are significantly 

negative during the daytime and the nighttime in both the 

dry and wet seasons throughout the study period. These 

correlations were stronger in the dry season than in the wet 

season. This indicates a more pronounced effect of wind 

velocity on temperature variations during drier and cooler 

months. Overall, the strongest correlation occurred in the 

dry season, followed by the wet season for the urbanized 

area of BKK and the suburban area of RSK. 

 

  
 

Fig 8: Correlations between temperature difference and average wind velocity in BKK during (a) daytime in the dry season, (b) nighttime in 

the dry season, (c) daytime in the wet season, and (d) nighttime in the wet season 
 

In summary, the correlations between temperature 

difference and average wind velocity in both BKK and RSK 

were most significant in the dry season. Wind velocity 

played a significant role in mitigating temperature in the 

suburban area of RSK more effectively than in the more 

urbanized area of BKK. Liu et al. (2020) [23] also found that 

the correlations between air temperature and wind velocity 

are most significant during daytime and nighttime, and this 

aligns with this study. Additionally, Al-Obaidi et al. (2021) 
[2] reported that the UHI intensity and wind velocity are 

significantly correlated in large Australian cities, indicating 

a significant influence of wind velocity on the reduced UHI 

intensity. Furthermore, Tabassum et al. (2024) [45] also 

reported that the negative correlation between the UHI 

intensity and wind velocity during the daytime (-0.20) and 

the nighttime (-0.19) in the pre-monsoon season, and this 

indicates the potential role of wind velocity in reducing the 

UHI intensity in Dhaka, Bangladesh. The increased 

temperature leading to the UHI effect is a major urban 

climate challenge globally. Thus, understanding urban 

climate dynamics is crucial for developing effective 

strategies to mitigate its impacts on urban quality of life. In 
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urban planning, considering sky view factors and urban 

microclimate design is important to reduce the UHI effect. 

Many studies conducted by Yow (2007) [55], Du et al. (2016) 
[11], and Se et al. (2024) [40] found that higher wind velocities 

significantly mitigate the UHI intensity in various regions. 

Additionally, Erell et al. (2011) [12] reported that wind 

velocities ranging from 1 to 1.5 m.s-1 in Singapore 

decreased temperature of 2 °C. Overall, wind velocity plays 

a significant and potential role in reducing the UHI intensity 

in the suburban area of RSK more effectively than in the 

urbanized area of BKK in Phnom Penh. 

 

  
 

Fig 9: Correlations between temperature difference and average wind velocity in RSK during (a) daytime in the dry season, (b) nighttime in 

the dry season, (c) daytime in the wet season, and (d) nighttime in the wet season 
 

Conclusion 
This study investigated the daily, seasonal and yearly 

variations of the UHI intensity, ventilation characteristics, 

and correlations between temperature and wind velocity in 

Phnom Penh, Cambodia. The study found that the average 

air temperature in the urbanized area of BKK was higher 

than in the suburban area of RSK. The hourly UHI intensity 

was stronger during the daytime than at nighttime and was 

more pronounced in the dry season compared to the wet 

season. However, cold island effects were observed at 

nighttime for the hourly UHI intensity. Similarly, the 

seasonal variation of the UHI (SVUHI) intensity was 

observed to be stronger during the daytime than at nighttime 

and was also more intense in the dry season than in the wet 

season, though occasional cold island effects were observed 

during the daytime in the wet season. The annual UHI 

intensity also followed a similar pattern, with higher 

intensity during the daytime compared to nighttime. 

Ventilation plays a significant role in mitigating the UHI 

intensity in all scale of the urban setting, with its impact on 

the UHI intensity depending on how strong the wind 

velocity is and where wind direction come from. The study 

found that wind velocities were generally stronger in the 

suburban area of RSK than in the urbanized area of BKK 

and also stronger during daytime than at nighttime. 

Southwesterly winds in the wet season also contributed in 

mitigating the UHI effect, while slower wind velocities at 

nighttime were less effective. The correlations between 

temperature difference and average wind velocity in BKK 

and RSK were most significant in the dry season, followed 

by the wet season. Therefore, the higher the wind velocity, 

the weaker the UHI intensity. This highlighted the 

significant role of wind velocity in mitigating the UHI effect 

in Phnom Penh.  

In summary, this study confirmed that higher UHI intensity 

occurs in the urban area of BKK compared to the suburban 

area of RSK. This is likely due to BKK being dominated by 

tall buildings, dense neighborhoods, and narrow street 

canyons, which can obstruct wind flow and contribute to 

higher UHI intensity. The study also demonstrated that the 

UHI intensity is generally higher during the daytime than at 

nighttime across daily, seasonal, and annual scales. This 

study is the first to analyze the characteristics of the UHI 

effect in Phnom Penh using ground-based meteorological 

data, providing a preliminary understanding of urban heat 

dynamics in the urban setting. The results offer valuable 
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insights for policymakers and urban planners, emphasizing 

the importance of designing sustainable and livable cities by 

implementing UHI mitigation and adaptation strategies. 

Recommendations include expanding green spaces, utilizing 

lighter-colored construction materials, preserving and 

creating water bodies to enhance localized ventilation, and 

encouraging sustainable transportation methods. Further 

future research on the relationships between urbanization 

development, climate change, and the UHI effects are 

required. Future studies should investigate long-term urban 

development trends and their impact on the urban climate to 

support more effective strategies for improving the quality 

of life for urban residents. 

 

Acknowledgments 

The authors are thankful to the Centre for Khmer Studies 

(CKS) and the Build4People project generously funded by 

the German Federal Ministry of Education and Research 

(BMBF) within its funding priority SURE (Sustainable 

Development of Urban Regions) to support this study. The 

authors are indebted to anonymous peer reviewers who 

provided constructive feedback to make the article 

publishable. This paper is also written as a part of the Ph.D 

program in Khmer Studies at the Faculty of Social Science 

and Humanities, Royal University of Phnom Penh. 

 

References 

1. Aboulnaga M, Trombadore A, Mostafa M, Abouaiana 

A. Understanding urban heat island effect: causes, 

impacts, factors, and strategies for better livability and 

climate change mitigation and adaptation. In: Livable 

Cities. Cham: Springer; 2024. p. 283-366. 

2. Al-Obaidi I, Rayburg S, Półrolniczak M, Neave M. 

Assessing the impact of wind conditions on urban heat 

islands in large Australian cities. Journal of Ecological 

Engineering. 2021;22(11):1-15. 

3. Angel S. Urban expansion: theory, evidence and 

practice. Buildings and Cities. 2023;4(1):124-138. 

4. Anwar AM, Alhosain N, Bhatt Y. Analyzing the 

interplay of urbanization, economic development, and 

seaborne trade: revealing their connection to urban 

resilience in Saudi Arabia. Journal of Urban 

Management. 2024. 

5. Ayanlade A, Aigbiremolen MI, Oladosu OR. Variations 

in urban land surface temperature intensity over four 

cities in different ecological zones. Scientific Reports. 

2021;11(1):20537. 

6. Babel M, Haarstrick A, Ribbe L, Shinde VR, Dichtl N. 

Water security in Asia: opportunities and challenges in 

the context of climate change. In: Edn 1. Springer 

International Publishing; 2021. p. 687-702. 

7. Chen G, Wang D, Wang Q, Li Y, Wang X, Hang J, et 

al. Scaled outdoor experimental studies of urban 

thermal environment in street canyon models with 

various aspect ratios and thermal storage. Science of 

The Total Environment. 2020;726:138147. 

8. Delazeri LMM, Da Cunha DA, Oliveira LR. Climate 

change and rural-urban migration in the Brazilian 

Northeast region. GeoJournal. 2021;87:2159-2179. 

9. Di Clemente R, Strano E, Batty M. Urbanization and 

economic complexity. Scientific Reports. 

2021;11(1):3952. 

10. Dian C, Pongrácz R, Dezső Z, Bartholy J. Annual and 

monthly analysis of surface urban heat island intensity 

with respect to the local climate zones in Budapest. 

Urban Climate. 2020;31:100573. 

11. Du H, Wang D, Wang Y, Zhao X, Qin F, Jiang H, et al. 

Influences of land cover types, meteorological 

conditions, anthropogenic heat and urban area on 

surface urban heat island in the Yangtze River Delta 

urban agglomeration. Science of The Total 

Environment. 2016;571:461-470. 

12. Erell E, Pearlmutter D, Williamson T. Urban 

microclimate: designing the spaces between buildings. 

UK and USA: Earthscan; 2011. p. 85-108. 

13. Esri. Esri releases latest land cover map with updated 

Sentinel-2 satellite data [Internet]. Esri; 2024 [cited 

2025 Apr 14]. Available from: 

https://www.esri.com/about/newsroom/announcements/

esri-releases-latest-land-cover-map-with-updated-

sentinel-2-satellite-data/ 

14. Gaffin SR, Rosenzweig C, Parshall L, Mahani S, 

Glickman H, Goldberg R, et al. Variations in New York 

City’s urban heat island strength over time and space. 

Theoretical and Applied Climatology. 2008;94:1-11. 

15. Grajeda-Rosado RM, Alonso-Guzmán EM, Escobar-

Del Pozo C, Esparza-López CJ, Sotelo-Salas C, 

Martínez-Molina W, et al. Anthropogenic vehicular 

heat and its influence on urban planning. Atmosphere. 

2022;13(8):1259. 

16. Halder B, Bandyopadhyay J, Banik P. Evaluation of the 

climate change impact on urban heat island based on 

land surface temperature and geospatial indicators. 

International Journal of Environmental Research. 

2021;15(5):819-835. 

17. Imran HM, Shammas MI, Rahman A, Jacobs SJ, Ng 

AWM, Muthukumaran S. Causes, modeling and 

mitigation of urban heat island: a review. Earth 

Sciences. 2021;10(6):244. 

18. Kabisch N, Remahne F, Ilsemann C, Fricke L. The 

urban heat island under extreme heat conditions: a case 

study of Hannover, Germany. Scientific Reports. 

2023;13(1):23017. 

19. Kang H, Fu M, Kang H, Li L, Dong X, Li S. The 

impacts of urban population growth and shrinkage on 

the urban land use efficiency: a case study of the 

Northeastern Region of China. Land. 2024;13(9):1532. 

20. Kim SW, Brown RD. Urban heat island (UHI) intensity 

and magnitude estimations: a systematic literature 

review. Science of The Total Environment. 

2021;779:146389. 

21. Li J, Song C, Cao L, Zhu F, Meng X, Wu J. Impacts of 

landscape structure on surface urban heat islands: a case 

study of Shanghai, China. Remote Sensing of 

Environment. 2011;115(12):3249-3263. 

22. Liu C, Lu S, Tian J, Yin L, Wang L, Zheng W. 

Research overview on urban heat islands driven by 

computational intelligence. Land. 2024;13(12):2176. 

23. Liu Y, Li Q, Yang L, Mu K, Zhang M, Liu J. Urban 

heat island effects of various urban morphologies under 

regional climate conditions. Science of The Total 

Environment. 2020;743:140589. 

24. Lu H, Shang Z, Ruan Y, Jiang L. Study on urban 

expansion and population density changes based on the 

inverse S-shaped function. Sustainability. 

2023;15(13):10464. 

25. Marcotullio PJ, Sorensen A. Editorial: future urban 

worlds: theories, models, scenarios, and observations of 

https://www.geojournal.net/


International Journal of Geography, Geology and Environment  https://www.geojournal.net 

~ 28 ~ 

urban spatial expansion. Frontiers in Built 

Environment. 2023;9:1194813. 

26. Mialhe F, Gunnell Y, Navratil O, Choi D, Sovann C, 

Lejot J, et al. Spatial growth of Phnom Penh, Cambodia 

(1973-2015): patterns, rates, and socio-ecological 

consequences. Land Use Policy. 2019;87:104061. 

27. Milovanovic B, Radovanovic M, Schneider C. Seasonal 

distribution of urban heat island intensity in Belgrade 

(Serbia). Journal of the Geographical Institute Jovan 

Cvijic, SASA. 2020;70(2):163-170. 

28. Mughal MO, Li XX, Norford LK. Urban heat island 

mitigation in Singapore: evaluation using 

WRF/multilayer urban canopy model and local climate 

zones. Urban Climate. 2020;34:100714. 

29. NCSD, GGGI, ICEM. Sustainable city plan for Phnom 

Penh 2018-2030. Phnom Penh, Cambodia: NCSD; 

2019. p. 9-10. 

30. Ng YXY. A study of urban heat island using local 

climate zones: the case of Singapore. British Journal of 

Environment and Climate Change. 2015;5(2):116-133. 

31. Nichol J, Hang TP, Ng E. Temperature projection in a 

tropical city using remote sensing and dynamic 

modeling. Climate Dynamics. 2014;42(11-12):2921-

2929. 

32. National Institute of Statistics. General Population 

Census of the Kingdom of Cambodia 2019. Ministry of 

Planning. 2019, p. 175-177. 

33. National Institute of Statistics. Cambodia Inter-censual 

Population Survey 2024. Ministry of Planning. 2025, p. 

11-22. 

34. Oke TR. City size and the urban heat island. 

Atmospheric Environment. 1973;7:769-779. 

35. Oke TR. The energetic basis of the urban heat island. 

Quarterly Journal of the Royal Meteorological Society. 

1982;108(455):1-24. 

36. Olson KR, Morton LW. Tonle Sap Lake and River and 

confluence with the Mekong River in Cambodia. 

Journal of Soil and Water Conservation. 

2018;73(3):60A-66A. 

37. Peng S, Piao S, Ciais P, Friedlingstein P, Ottle C, Bréon 

FM et al. Surface urban heat island across 419 global 

big cities. Environmental Science and Technology. 

2012;46(2):696-703. 

38. Rajagopalan P, Lim KC, Jamei E. Urban heat island 

and wind flow characteristics of a tropical city. Solar 

Energy. 2014;107:159-170. 

39. Schlaerth HL, Silva SJ, Li Y, Li D. Albedo as a 

competing warming effect of urban greening. Journal of 

Geophysical Research: Atmospheres. 

2023;128(24):e2023JD038764. 

40. Se B, Choi DM, Chhinh N, Hahne J, Yav N, Kupski S 

et al. The effects of urban heat island in Phnom Penh: A 

case study of Khan Boeung Keng Kang and Khan Pou 

Senchey. Insight: Cambodia Journal of Basic and 

Applied Research. 2024;6(1):8-22. 

41. Shaban A, Kourtit K, Nijkamp P. Reverse causality 

between urbanization and economic growth: A global 

test on the validity of urbanization-led economic 

growth. The Annals of Regional Science. 

2024;73:1469-1496. 

42. Smith IA, Fabian MP, Hutyra LR. Urban green space 

and albedo impacts on surface temperature across seven 

United States cities. The Science of Total Environment. 

2022;857:159663. 

43. Son NT, Chen CF, Chen CR, Thanh BX, Vuong TH. 

Assessment of urbanization and urban heat islands in 

Ho Chi Minh City, Vietnam using Landsat data. 

Sustainable Cities and Society. 2017;30:150-161. 

44. Sun R, Lü Y, Yang X, Chen L. Understanding the 

variability of urban heat islands from local background 

climate and urbanization. Journal of Cleaner 

Production. 2019;208:743-752. 

45. Tabassum A, Park K, Seo JM, Han JY, Baik JJ. 

Characteristics of the urban heat island in Dhaka, 

Bangladesh, and its interaction with heat waves. Asia-

Pacific Journal of Atmospheric Sciences. 

2024;60(4):479-493. 

46. Ünal YS, Sonuç CY, Incecik S, Topcu HS, Diren-Üstün 

DH, Temizöz HP. Investigating urban heat island 

intensity in Istanbul. Theoretical and Applied 

Climatology. 2020;139(1-2):175-190. 

47. United Nations, Department of Economic and Social 

Affairs, Population Division. World Urbanization 

Prospects: The 2018 Revision (ST/ESA/SER.A/420). 

United Nations. 2019, p. 9-32. 

48. Vujovic S, Haddad B, Karaky H, Sebaibi N, Boutouil 

M. Urban heat island: Causes, consequences, and 

mitigation measures with emphasis on reflective and 

permeable pavements. CivilEng. 2021;2(2):459-484. 

49. Wang W, Zhou W, Ng EYY, Xu Y. Urban heat islands 

in Hong Kong: Statistical modeling and trend detection. 

Natural Hazards. 2016;83(2):885-907. 

50. World Bank Group. Urban development in Phnom 

Penh. World Bank. 2017, p. 7-13. 

51. World Bank Group. Phnom Penh (Cambodia)—Land 

Use/Land Cover Maps (ESA EO4SD-Urban). 

https://datacatalog.worldbank.org/search/dataset/00389

64. 23 October 2023. 

52. World Bank Group. Climate Risk Country Profile: 

Cambodia. World Bank. 2024, p. 5-15. 

53. Wu Z, Ren Y, Chen L. Evaluating urban geometry 

impacts on incident solar radiation on building 

envelopes. Environmental Modeling and Assessment. 

2021;26(1):113-123. 

54. Yang C, Wang R, Zhang S, Ji C, Fu X. Characterizing 

the hourly variation of urban heat islands in a snowy 

climate city during summer. International Journal of 

Environmental Research and Public Health. 

2019;16(14):2467. 

55. Yow DM. Urban heat islands: Observations, impacts, 

and adaptation. Geography Compass. 2007;1(6):1227-

1251. 

56. Yuan F, Bauer ME. Comparison of impervious surface 

area and normalized difference vegetation index as 

indicators of surface urban heat island effects in 

Landsat imagery. Remote Sensing of Environment. 

2007;106(3):375-386. 

57. Yue W, Liu X, Zhou Y, Liu Y. Impacts of urban 

configuration on urban heat island: An empirical study 

in China mega-cities. Science of The Total 

Environment. 2019;671:1036-1046. 

58. Zhang A, Ren G. Urban heat island effect on change of 

regional mean temperature over Shandong province, 

China. Climatic and Environmental Research. 

2005;4(10):754-762. 

https://www.geojournal.net/

