INTERNATIONAL JOURNAL OF INTEGRATED
ENGINEERING
ISSN: 2229-838X  e-ISSN: 2600-7916 IIIE

Vol. 16 No. 8 (2024) 91-99
https://publisher.uthm.edu.my/ojs/index.php/ijie

Parametric Investigation of the Urban Heat Island Using
the Internet of Things (IoT) in Putrajaya, Malaysia

Zambri Harun*, Altaf Hossain Mollal, Hashimah Hashim?, Muhamad
Zameri Mat Saman3, Eslam R. Lotfy*5

1 Department of Mechanical and Manufacturing Engineering, Faculty of Engineering and Built Environment,
Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, MALAYSIA

2 School of Electrical Engineering, College of Engineering,
Universiti Teknologi MARA, 40450 Shah Alam, Selangor, MALAYSIA

3 Faculty of Mechanical Engineering,

Universiti Teknologi Malaysia, 81310 Skudai, Johor, MALAYSIA
4 Department of Mechanical Engineering,
Alexandria University, Alexandria 21544, EGYPT
5 Department of Energy Resources Engineering,
Egypt-Japan University of Science and Technology, Alexandria 21934, EGYPT

*Corresponding Author: zambri@ukm.edu.my
DOI: https://doi.org/10.30880/ijie.2024.16.08.010

Article Info

Received: 7 June 2024
Accepted: 12 October 2024
Available online: 21 November 2024

Keywords

Urban heat island (uhi) urban heat
island intensity (uhii), internet of
things (iot), sustainable metropolis,
parametric analysis, urban planning

Abstract

The urban heat island (UHI) phenomenon has become a critical issue for
Putrajaya, the administrative capital of Malaysia. This research
experimentally investigates the UHI phenomenon in Putrajaya using the
Internet of Things (IoT) and assesses the urban heat island intensity
(UHID). This study investigates the effect of wind speed and rainfall on
UHIIL. This study has chosen two strategic locations for green zone
reference and residential or commercial zone reference, respectively.
The major equipment used here are 81000 ultrasonic anemometer by
RM. Young for temperature and an IoT system fabricated and
maintained by Enomatrix. We have installed an I[oT-enabled system
embedded with different sensors and equipment to record, store and
analyze the data from selected strategic locations. The results of this
study indicate the presence of UHI in this city and reveal that the
maximum UHII is approximately 3.6 °C. Furthermore, the parametric
analysis reveals that wind speed has a significant influence on UHII.
Moreover, this research shows that rainfall has great potential to reduce
the UHIIL The findings of this study provide valuable insights into the
UHI effect in Putrajaya and can be used to equip urban planning and
design decisions to mitigate the UHI effect. The use of IoT and
parametric analysis in this study also demonstrates the potential of
these technologies to improve our understanding of urban
environments and inform sustainable urban development.

1. Introduction

Urban Heat Island (UHI) is a phenomenon in which urban areas experience higher temperatures than the
surrounding rural areas [1]. The UHI effect is caused by the absorption and retention of heat by urban surfaces
such as buildings, roads, and pavements, which increases the surface temperature of urban areas [2]. The
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primary reason for the UHI effect is the modification of land surfaces due to urbanization. The buildings and
other infrastructure in cities are made of materials that absorb and retain heat, such as concrete, asphalt, and
metal [3]. These materials have lower albedo, which means they absorb more sunlight and emit more heat than
natural surfaces such as grass and trees [4]. The UHI effect has several negative impacts on human health,
energy consumption, and the environment. Higher temperatures in urban areas can cause heat stress,
dehydration, and other health problems [5]. Increased energy consumption for air conditioning and cooling
systems during hot weather can lead to higher electricity bills and greenhouse gas emissions. The UHI effect can
also disrupt ecosystems, affect water quality, and exacerbate climate change [6]. The UHI effect is a growing
concern for urban planners and policymakers worldwide. To mitigate the UHI effect, urban planners and
designers can incorporate green infrastructure such as green roofs, trees, and parks to increase vegetation and
shade [7]. The use of reflective or cool roofing materials can also reduce the absorption of heat by buildings.

In the presence of technology, environmental parameters can be tracked quite efficiently. Data could be
stored in clouds and advanced prediction tools could be utilised to predict weather patterns The Internet of
Things (IoT) has emerged as a promising technology for monitoring and analyzing the UHI effect [8] IoT sensors
can collect real-time data on temperature, humidity, air quality, and other environmental factors, providing a
more precise and detailed understanding of the UHI effect [9]. One of the key advantages of IoT for UHI
monitoring is its ability to provide continuous and real-time data. Traditional methods of UHI monitoring
involve manual measurements at fixed locations, which can be time-consuming and limited in scope. 10T
sensors, on the other hand, can be deployed across a city to collect data at multiple locations simultaneously
[10]. This allows for a more comprehensive understanding of the UHI effect and its spatial variability. 1oT
sensors can also provide data on multiple environmental factors simultaneously, allowing for a more holistic
understanding of the UHI effect [11]. This paper presents a parametric investigation of the UHI effect in
Putrajaya, the federal administrative center of Malaysia by using a network of IoT sensors. This study
investigates the UHI phenomenon and evaluates the urban heat island intensity (UHII). Furthermore, this study
evaluates the effect of wind speed and rainfall on UHII. We collected data on temperature, humidity, wind speed
and rainfall at multiple locations across the city. The data was then analyzed to investigate the UHI phenomenon
and the effect of wind speed and rainfall on UHII in Putrajaya. The findings of this study have important
implications for urban planning and design in Putrajaya and other cities facing similar UHI challenges. By
leveraging the power of loT and parametric modeling, we can gain a deeper understanding of the UHI effect and
develop more effective strategies for mitigating its negative impacts.

The UHI effect has been studied extensively over the past few decades, and a large body of research has
highlighted the negative impacts of this phenomenon on human health, energy consumption, and the
environment [12]. Numerous studies have investigated the causes and extent of the UHI effect in various cities
around the world, and a range of strategies have been proposed to mitigate this effect [13],[14]. One promising
approach to UHI monitoring and analysis is the use of the [oT. IoT sensors can provide real-time and continuous
data on temperature, humidity, and other environmental factors, allowing for a more precise and detailed
understanding of the UHI effect. Several studies have explored the use of IoT for UHI monitoring and analysis,
with promising results [15], [16].

Yao et al. [17] conducted a study to examine the influence of urban function and landscape structure on the
Urban Heat Island (UHI) phenomenon in Beijing, China, by employing remote sensing techniques. The findings of
the study revealed that the urban thermal environment demonstrated distinct spatial and temporal
heterogeneity due to the varying degrees of urban function and landscape complexity. Selvy et al. [18] used IoT
sensors to monitor the UHI effect in Melbourne, Australia. The study found that the UHI effect was most
pronounced in the city center and that the use of green roofs and walls could significantly reduce surface
temperature. The authors concluded that IoT sensors could provide a valuable tool for evaluating the
effectiveness of UHI mitigation strategies. As the presence of the UHI phenomenon in the metropolitan area is
prominent nowadays, Malaysian cities are not immune to the UHI phenomenon [19]. Malaysian cities are also
experiencing the UHI phenomenon to a different degree. In Kuala Lumpur, Malaysia, the UHI phenomenon has
been investigated, and 6 °C UHII has been reported at nighttime [20]. In Putrajaya, the UHI phenomenon has
been studied, and 2-3 °C UHII has been reported [21]. Few researchers have performed numerical studies on the
UHI phenomenon in Putrajaya [22].

The lack of experimental investigation about the UHI phenomenon in Putrajaya, as well as other Malaysian
cities, is quite palpable in recent literature, even though the researchers have conducted few numerical kinds of
research. The need for experimental investigation regarding the UHI phenomenon in Putrajaya, as well as other
Malaysian cities, is paramount for developing in-depth knowledge and understanding for decision-making and
advanced simulation to evaluate and assess the UHI phenomenon. The present study aims to fill the research gap
by addressing the UHI phenomenon experimentally by using a network of [oT sensors to collect real-time data
on weather parameters to evaluate and highlight the real-life phenomenon.
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2. Methodology

The methodology for the present research encompasses study area selection, instrument and equipment,
deployment of [oT network, and data acquisition and analysis.

2.1 Study Area Selection

The city of Putrajaya, Malaysia, has been selected as the study area for this research due to its unique urban
design, which comprises several different land use types and vegetation covers.

aman Botani Putrajaya &

Fig. 1 Green zone reference area, Taman Putra Fig. 2 Residential or commercial zone reference area,
Perdana Presint 5

This study has chosen two strategic locations for green zone reference and residential or commercial zone
reference in Putrajaya, respectively. Fig. 1 and Fig. 2 show the selected locations for this study in Putrajaya.
Choosing the appropriate locations in Putrajaya was difficult, because of the security issues as Putrajaya is the
administrative capital of Malaysia. However, we were allowed to install the instruments and equipment at
strategic locations for the studies. We installed the same set of calibrating instruments and equipment at both
locations, green zone reference and residential or commercial zone reference in Putrajaya.

2.2 Instrument and Equipment

The air temperature, wind speed, and rainfall are the principal parameters for this study. The details of
instruments and sensors used in this experimental study are shown in Table 1. The instruments were calibrated
in a wind tunnel laboratory [21]. Temperature calibration has to be performed on-site for all stations.

Table 1 Specification of instruments

. Measured
Device Accuracy
parameters
81000 ultrasonic anemometer, R.M. Young Wind speed +0.05m/s
CS215-L, Campbell Scientific Air + 0.4 °C
temperature
Bucket type rain gauge, NiuBol Rainfall +4%

2.3 Deployment of IoT Network

The deployment of 0T sensors for measuring temperature, rainfall, humidity, and wind speed was a significant
stage of this research. The sensors equipped with sophisticated technology that allows for real-time data
collection and transmission, making it possible to monitor environmental conditions in remote or inaccessible
areas, were deployed in several locations within Putrajaya, including urban and rural areas. The sensors are
designed to be robust and withstand harsh weather conditions, ensuring accurate data collection. The sensors
were connected to a wireless network to transmit the data in real-time. This system is capable of recording
multiple parameters at a time. This system works remotely and eliminates human interactions. This system is
embedded with high-precision and resolution sensors. The temperature sensors were calibrated using LINI-T
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UT363 while the wind speed sensors were compared using the Pangkor Low-Speed Wind Tunnel (PLSWT)
located in the Beach and Water Resouces Engineering [23]. All other sensors were calibrated before the
installation at the sites.

2.4 Data Acquisition and Analysis

The deployed IoT system stores the collected data on a cloud database center. The data can be downloaded from
the cloud. Data on temperature, humidity, wind speed, and rainfall were collected over several months. Other
relevant data, wind direction, solar radiation, atmospheric pressure, were also collected for the study area. The
collected data was analyzed to investigate the UHI phenomenon and assess the UHII, and to investigate the
effects of wind speed and rainfall on UHIIL. Data was analyzed in MATLAB. UHII has commonly been defined as
the temperature difference between urban and rural places (or areas), ATu-r = Tu = Tr, Tu is urban temperature
and Tr rural temperature. Fig. 3 demonstrates the schematic diagram of the system.

Temperature Wind Spei‘ Rainfall Humidity
| J " |

| Solar Panel | Sensors

= ¢ 4

Battery ——> Microcontroller

IoT Gateway

INAVRS

Cloud Database

Data Monitoring

Platform —— Data Storage

i

Monitor and
Analyze data

Fig. 3 Schematic diagram of the loT-enabled system

3. Results and Discussion

A limited period of the end of 2022 was chosen as the period of study. The start of the year, such as February and
March is usually marked by very a stable temperature pattern. There shall be a lot of rain and thunderstorms in
May due to changes in monsoons. This is between when the North East monsoon has just ended in March and
before the southwest monsoon begins in early June. The South West monsoon brings warm weather and is
usually dry. If there is haze usually blamed on the peat fire and agriculture activities in Kalimantan and
Sumatera Indonesia in September, these effects would abruptly disappear in October because of the changes of
wind from the North East. The North East monsoon brings heavy rain and the weather is cool [24]. We chose this
period because we want to avoid the temperature effect due to the monsoon.

3.1 Experimental Investigation of UHI

Fig. 4 demonstrates UHII with green zone temperature and residential zone temperature on December 8-9,
2022. This figure reveals the presence of UHI to a significant degree; the maximum UHII in this period is 2.3°C.
This figure also depicts that UHII is more prominent at nighttime than in the daytime. It is mainly due to the heat
released from concrete, buildings, and pavements. Throughout this period, the residential zone temperature was
always substantially higher than the temperature in the green zone.

Fig. 5 illustrates the green and residential zone temperatures, along with the measured UHII on November
12-13, 2022. This illustration clearly demonstrates the strong presence of UHI, with the highest value of 2.9°C in
this period. Likewise, Fig. 4 and Fig. 5 also display that UHII is more evident at nighttime than in the daytime.
The similar patterns in Fig. 4 and Fig. 5 emphasize that the absorbed heat by concrete, building, and pavements
during the daytime releases during the nighttime, which causes significant temperature differences with nearby
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rural areas or green zones. Fig. 6 depicts the UHI phenomenon on October 23-24, 2022. This figure reveals UHII
along with the temperatures of the residential zone and green zone temperature, with the highest UHII value of
3.6°C. As Fig. 4 to Fig. 6 demonstrate the same pattern for UHII, the UHII is more apparent at nighttime than in
the daytime, and the temperature of the green zone is always significantly higher than the temperature of the
residential area regardless of the time.
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The results of the experimental investigation of UHI in Putrajaya show significant spatio-temporal variations
in temperature and humidity levels across the study area. The data collected from the [oT sensors reveals that
the urban areas of Putrajaya were significantly hotter than the surrounding rural areas, particularly during the
night, which is caused by the thermal properties of urban materials, such as concrete and asphalt, that absorb
and store heat. The study also finds that the intensity of the UHI effect is influenced by land cover and urban
morphology. Areas with higher percentages of impervious surfaces and lower vegetation cover exhibited higher
urban heat island intensity. This finding suggests that urban planning decisions, such as increasing green spaces
and implementing cool roof technologies, could help mitigate the UHI effect in Putrajaya.

3.2 The Effect of Wind Speed on UHII

Fig. 7 demonstrates the effect of wind speed on UHII on December 8-9, 2022. This figure reveals that wind speed
profoundly influences UHII; consequently, when the wind speed is significantly higher, the UHII reasonably
lowers. Hence the inverse relation exists between wind speed and the UHIL. Wind is the medium for removing
heat from urban areas, and higher wind speed can remove a greater amount of heat from the metropolitan area,
which can reduce the UHII.

Fig. 8 illustrates the effect of wind speed on UHII on November 12-13, 2022. This illustration clearly
demonstrates that strong wind reduces the degree of UHII. Likewise, Fig. 7, Fig. 8 also display that UHII is more
evident while wind speed is lower. Fig. 9 depicts the effect of wind speed on UHII on October 23-24, 2022. This
figure reveals UHII is lower while wind speed is higher. As figs. 7, 8, and 9 demonstrate the same pattern for the
effect of wind speed on UHII, the UHII is more apparent at lower wind speeds; on the other hand, while wind
speed is higher, UHII is comparatively lower.

The results of investigating the effect of wind speed on urban heat island intensity in Putrajaya reveal
interesting findings. Firstly, the study finds that wind speed has a significant negative correlation with urban
heat island intensity, indicating that an increase in wind speed was associated with a decrease in UHI intensity.
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This finding is consistent with previous studies, which have shown that natural ventilation can help reduce the
UHI effect by enhancing convective heat exchange. Furthermore, the study found that the negative correlation
between wind speed and UHI intensity is stronger during the daytime compared to nighttime. This finding
suggests that daytime wind speed is a more important factor in reducing the UHI effect compared to nighttime
wind speed. This is likely due to the fact that during the daytime, solar radiation heats the urban surfaces,
causing a more significant temperature differential between urban and rural areas, which can be mitigated by
increased wind speed. Overall, the results of this study provide important insights into the role of wind speed in
reducing the UHI effect in tropical cities like Putrajaya. The findings suggest that urban planning and design
decisions that prioritize natural ventilation through the incorporation of green spaces and wind corridors can
help mitigate the UHI effect and enhance urban livability.
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3.3 The Effect of Rainfall on UHII

Fig. 10 demonstrates the effect of rainfall on UHII on December 8-9, 2022. This figure lucidly reveals that rainfall
profoundly influences UHII. The inverse relation exists between rains and UHIL Fig. 11 illustrates the effect of
rainfall on UHII on November 12-13, 2022. Likewise, Fig. 10, this illustration clearly demonstrates that rain
reduces the degree of UHIIL Fig. 12 depicts the effect of rainfall on UHII on October 23-24, 2022. Rain can
potentially reduce the UHII by removing a massive amount of heat from the environment.
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Fig. 10 The effect of rainfall on UHII on December 8-9, 2022
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This investigation into the effect of rainfall on UHII reveals some interesting results. The analysis shows that
there is a significant negative correlation between rainfall and UHII in Putrajaya. This means that as rainfall
increases, the intensity of the UHI effect decreases. This finding can be explained by the fact that rainfall helps to
cool down the urban environment by reducing surface temperatures, increasing humidity, and promoting
evaporation. This, in turn, leads to a reduction in the temperature differential between urban and rural areas,
resulting in a decrease in the intensity of the UHI effect. Furthermore, the results suggest that rainfall can play a
vital role in mitigating the UHI effect in tropical regions such as Putrajaya, where high temperatures and
humidity are prevalent. Therefore, urban planners and policymakers should consider incorporating measures to
increase the permeability of urban surfaces to allow for more infiltration and absorption of rainfall, as well as
the creation of green infrastructure to encourage more evapotranspiration and reduce surface temperatures.
Overall, these findings are significant and offer valuable insights into the potential of rainfall as a natural means
of mitigating the UHI effect.

4. Conclusions

This study has investigated the UHI phenomenon at Putrajaya. The findings show that Putrajaya is not immune
from the UHI phenomenon, and it is experiencing UHI phenomenon to a significant degree. This study has
observed that the highest value of UHII is 3.6 °C. This study has also investigated the effect of wind speed on
UHIL This research has found that wind speed is inversely proportional to the UHII, suggesting that natural
ventilation may help reduce the UHI effect. Furthermore, this investigation has also observed the effect of
rainfall on UHII, and it shows that rain has excellent potential to reduce the UHII, suggesting that rainfall can
help mitigate the UHI effect. This experimental investigation may assist in advanced modeling and simulation for
developing in-depth knowledge and decision-making to achieve a sustainable metropolis.

Acknowledgement

This research was supported by the MyRA Research Grant Scheme File No.: 600-RMC/MyRA 5/3/LESTARI
(028/2020), under UiTM internal grant scheme. This project was also financially supported by the
Transdisciplinary Research Grant Scheme TRGS/1/2020/UKM/02/1/1.

Conflict of Interest

Authors declare that there is no conflict of interest regarding the publication of the paper.

Author Contribution

The authors confirm their contribution to the paper as follows: study conception and design: Z. Harun, data
collection: A. H. Molla; analysis and interpretation of results: E. Reda, M. Z. Mat Saman; draft manuscript
preparation: E. Reda; Financial arrangement: H. Hashim; All authors reviewed the results and approved the
final version of the manuscript.

References

[1] Kim, S. W,, & Brown, R. D. (2021). Urban heat island (UHI) variations within a city boundary: A systematic
literature review. Renewable and Sustainable Energy Reviews, 148, 111256. https://doi.org/
10.1016/j.rser.2021.111256

Penerbit
UTHM


https://doi.org/

Int. Journal of Integrated Engineering Vol. 16 No. 8 (2024) p. 91-99 98

[2] Nwakaire, C. M., Onn, C. C, Yap, S. P,, Yuen, C. W., & Onodagu, P. D. (2020). Urban heat island studies with
emphasis on urban pavements: A review. Sustainable Cities and Society, 63, 102476.
https://doi.org/10.1016/j.scs.2020.102476

[3] Gonzalez-Trevizo, M. E., Martinez-Torres, K. E., Armendariz-Lopez, ]. F., Santamouris, M., Bojorquez-
Morales, G., & Luna-Leon, A. (2021). Research trends on environmental, energy and vulnerability impacts of
Urban Heat Islands: An overview. Energy and Buildings, 246, 111051. https://doi.org/
10.1016/j.enbuild.2021.111051

[4] Fernandes, R, Nascimento, V., Freitas, M., & Ometto, J. (2023). Local climate zones to identify surface urban
heat islands: A systematic review. Remote Sensing, 15, 884. https://doi.org/10.3390/RS15040884

[5] Tomatis, F., Egerer, M., Correa-Guimaraes, A., & Navas-Gracia, L. M. (2023). Urban gardening in a changing
climate: A Review of effects, responses and adaptation capacities for cities. Agriculture (Switzerland), 13,
502. https://doi.org/10.3390/AGRICULTURE13020502

[6] Pianella, A, Aye, L., Chen, Z., & Williams, N. S. G. (2017). Substrate depth, vegetation and irrigation affect
green roof thermal performance in a Mediterranean type climate. Sustainability (Switzerland), 9, 1451.
https://doi.org/10.3390/SU9081451

[7] Degirmenci, K., Desouza, K. C., Fieuw, W., Watson, R. T., & Yigitcanlar, T. (2021). Understanding policy and
technology responses in mitigating urban heat islands: A literature review and directions for future
research. Sustainable Cities and Society, 70, 102873. https://doi.org/10.1016/j.scs.2021.102873

[8] Matasov, V., Marchesini, L. B, Yaroslavtsev, A, Sala, G., Fareeva, O., Seregin, I, Castaldi, S., Vasenev, V., &
Valentini, R. (2020). IoT monitoring of urban tree ecosystem services: Possibilities and challenges. Forests,
11, 775. https://doi.org/10.3390/F11070775

[9] Husni, E., Prayoga, G. A, Tamba, ]. D., Retnowati, Y., Fauzandi, F. L., Yusuf, R.,, & Yahya, B. N. (2022).
Microclimate investigation of vehicular traffic on the urban heat island through IoT-Based device. Heliyon,
8,e11739. https://doi.org/10.1016/].HELIYON.2022.E11739

[10] Rathore, P., Rao, A. S., Rajasegarar, S., Vanz, E., Gubbi, ], & Palaniswami, M. (2018). Real-time urban
microclimate analysis using internet of things. IEEE Internet of Things Journal, 5, 500-511.
https://doi.org/10.1109/JI0T.2017.2731875

[11] Barthwal, A., & Sharma, K. (2022). Analysis and prediction of urban ambient and surface temperatures
using internet of things. International Journal of System Assurance Engineering and Management, 13, 516-
532. https://doi.org/10.1007/S13198-021-01502-3

[12] Yu, D., & Fang, C. (2023). Urban remote sensing with spatial big data: A review and renewed perspective of
urban studies in recent decades. Remote Sensing, 15, 1307. https://doi.org/10.3390/RS15051307

[13] Luo, F, Yang, Y., Zong, L., & Bi, X. (2023). The interactions between urban heat island and heat waves
amplify urban warming in Guangzhou, China: Roles of urban ventilation and local climate zones. Frontiers
in Environmental Science, 11, 1084473. https://doi.org/10.3389/FENVS.2023.1084473

[14] Zhou, H., Wang, Q., Zhu, N,, Li, Y., Li, ], Zhou, L., Pei, Y., & Zhang, S. (2023). Optimization methods of urban
green space layout on tropical islands to control heat island effects. Energies, 16, 368.
https://doi.org/10.3390/EN16010368

[15] Salman, M. Y., & Hasar, H. (2023). Review on environmental aspects in smart city concept: Water, waste, air
pollution and transportation smart applications using IoT techniques. Sustainable Cities and Society, 94,
104567. https://doi.org/10.1016/].SCS.2023.104567

[16] Zhao, W., Chen, ], Hai, T., Mohammed, M. N,, Yaseen, Z. M,, Yang, X, Zain, J. M., Zhang, R., & Xu, Q. (2022).
Design of low-energy buildings in densely populated urban areas based on IoT. Energy Reports, 8, 4822-
4833. https://doi.org/10.1016/].EGYR.2022.03.139

[17] Yao, L, Xu, Y., & Zhang, B. (2019). Effect of urban function and landscape structure on the urban heat island
phenomenon in Beijing, China. Landscape and Ecological Engineering, 15, 379-390.
https://doi.org/10.1007/S11355-019-00388-5/TABLES/6

[18] Selvy, P. T., Poorani, G., AKila, S., Dheebika, P. S., & Dhivyalakshmi, M. A. (2018). Proficient microclimate and
assisted sustainable agriculture using data analytics. WSEAS Transactions on Computers, 17,212-219.

[19] Ramakreshnan, L., Aghamohammadi, N., Fong, C. S., Ghaffarianhoseini, A., Ghaffarianhoseini, A.,, Wong, L. P.,
Hassan, N., & Sulaiman, N. M. (2018). A critical review of Urban Heat Island phenomenon in the context of
Greater Kuala Lumpur, Malaysia. In Sustainable Cities and Society, 39, 99-113. https://doi.org/
10.1016/j.5cs.2018.02.005

[20] Harun, Z., Reda, E., Abdulrazzaq, A., Abbas, A. A, Yusup, Y., & Zaki, S. A. (2020). Urban heat island in the
modern tropical Kuala Lumpur: Comparative weight of the different parameters. Alexandria Engineering
Journal, 59, 4475-4489. https://doi.org/10.1016/j.aej.2020.07.053

[21] Harun, Z., Azhar, N. I, Abbas, A. A, Lotfy, E. R, Al-Furjan, M. S. H,, & Etminan, A. (2022). Variation of the
urban heat island intensity over one year in Putrajaya, Malaysia. Journal of Mechanical Engineering, 19,
167-188. https://doi.org/10.24191/JMECHE.V1913.19802

Penerbit
UTHM


https://doi.org/
https://doi.org/

99 Int. Journal of Integrated Engineering Vol. 16 No. 8 (2024) p. 91-99

[22] Morris, K. L., Aekbal Salleh, S., Chan, A., Ooi, M. C. G., Abakr, Y. A.,, Oozeer, M. Y., & Duda, M. (2015).
Computational study of urban heat island of Putrajaya, Malaysia. Sustainable Cities and Society, 19, 359-
372. https://doi.org/10.1016/].SCS.2015.04.010

[23] Harun, Z., W. Ghopa, W. A,, Abdullah, S., Ghazali, M. L., Abbas, A. A., Rasani, M. R., Zulkifli, R.,, Wan Mahmood,
W. M. F,, Abu Mansor, M. R,, Z., Zainol Abidin & Wan Mohtar.,, W. H. M. (2016). The development of a
multipurpose wind tunnel, Jurnal Teknologi, 78, 63-70. https://d0i:10.11113/jt.v78.9189

[24] Harun, Z., & Lotfy, E. R. (2018). Effect of atmospheric boundary layer stability on the inclination angle of
turbulence coherent structures, Environmental Fluid Mechanics, 18, 637-659. https://doi:10.1007/
s10652-017-9558-4

Penerbit
UTHM


https://doi:10.1007/

