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Abstract: As a Malay Agricultural Settlement established in 1900, Kampung Baru which is located in
Kuala Lumpur, has become a subject of prolonged national interests in terms of economic, social,
environment, and political issues along with the pressure of modern and future development.
This study investigated the urban morphological impact of Kampung Baru on the intensity of urban
heat island (UHI) by developing a smart geodatabase for urban climatic mapping. The database
provided baseline data which was crucial to unveil the spatiotemporal characteristics of UHI in
Kampung Baru. Determination of the urban heat island intensity (UHII) in Kampung Baru was carried
out through two approaches, mobile and fixed measurements. In a period of six days, the mobile
measurement was conducted within the target area at night using a motorcycle equipped with the
temperature and relative humidity data logger while the fixed measurement was conducted using the
similar equipment installed at a school building in the area. Building height data were also collected
while building footprints were digitized using a topographical map and the satellite image was
used as the base map. To estimate the UHII, the reference data for rural temperature was obtained
from the Malaysian Meteorological Department (MMD). All of the data were analyzed using ArcGIS
to portray the temperature pattern in the study area. The analysis revealed the presence of UHI
effect in Kampung Baru at the average building height of six to ten metres. The results of the fixed
measurement showed an island-like local maximum in the study area with the average and maximum
UHII values of 4.4 °C and 6.0 °C, respectively. The results from the mobile measurement also showed
that the highest temperature was recorded in Kampung Baru rather than in the surrounding areas of
different land-use types throughout the observation days. The spatial temperature distribution in the
study area also showed that the most affected part was the south-west of Kampung Baru which is
surrounded by tall buildings. The findings of this study could be utilized in the planning of new
development in the city of Kuala Lumpur.
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1. Introduction

The local climate of an urban area is usually different from that of the surrounding area.
Urban climate is influenced by urban heat island (UHI) which refers to the relative warmness of a
city [1]. UHI was determined in some studies as a comparison of the mean and maximum temperatures
between urban and rural areas. In certain research, the temperatures were compared, such as between
seasons, months, years or days. Study has shown that UHI problems are worsening as a result of urban
growth and heavy industrialization that tends to trigger changes in the urban temperature [2]. With the
increase in the global urban population as a result of urbanization, the effect of the UHI phenomenon
is getting worse. It has worsened as more vegetated areas and permeable lands are transformed into
urban areas, hence resulting in the increase of albedo [3,4]. Albedo is the amount of solar energy that
is reflected by the surface to the surrounding area. Other factors that contribute to UHI effects are
building thermal properties, urban form, and anthropogenic heat release [5,6]. Magee [7] described
UHI as the average temperature change between the urban and rural areas in Fairbanks, Alaska.
Mean urban and rural temperature patterns were used to determine the occurrence of UHI. Moreover,
the temperature trends of an area before and after urbanization illustrated the influence of urbanization
on the occurrence of UHI. However, historical records of temperature data obtained before urbanization
of most cities are not available, and this creates an obstacle for studying UHI. This trend has become
significant in the tropics where the lack of shade and greenery has resulted in a failure to offset the heat
from direct solar gain. Moreover, the use of dark materials in buildings and hard pavements causes the
increase in heat absorption, thereby contributing to high urban temperature. Besides, changes in urban
morphology, particularly in the tropical urban areas, influence local microclimates which directly
increases the UHI effect [8-10]. A report by Nieuwolt [11], which was one of the earliest tropical urban
microclimatic studies, was conducted in Singapore. This was followed by numerous studies on the
heat island intensity in tropical cities around the globe, which contributed to the understanding of
the UHI phenomenon [8,12]. In regard to Malaysia, work in this field was pioneered by Sham [13]
who investigated the UHI intensity in selected Malaysian cities and discovered that the heat island
intensity ranged from 2 °C to 7 °C. More specifically, the study found that the heat island intensity on
clear days in Kuala Lumpur was about 6 °C. Several studies have since been carried out to evaluate the
heat island intensity in other urban centers in Malaysia [14,15]. Moreover, previous studies on UHI in
Kuala Lumpur have reported that UHI has major effects on thermal comfort, human health, pollution,
societal economy, and meteorology and climate. Policymakers, local governments, and engineers must
therefore consider the factors that contribute to the UHI phenomenon before designing and developing
new urban areas [16-19]. Nevertheless, there has been no detailed study to investigate the microclimate
of Kampung Baru in terms of weather patterns and effects of UHI. Kampung Baru is chosen as a case
study since it is one of the most densely populated suburban areas in Kuala Lumpur. Moreover, it is
located less than 5 km from the city center where high-rise buildings such as the Petronas Twin Tower
and the Kuala Lumpur Tower (KL Tower) dominate the city’s skyline. The development of an urban
area should prioritize the mitigation of UHI effects [16-20]. Specific considerations are investigated
for determining UHI effects from urban morphological characteristics. These include diminishing
greenery due to increased urban growth, materials used to construct skyscrapers, reshaping of the
city’s architectural forms, building scale extension, growing anthropogenic heat production, and other
additional factors such as climate change and spatial location of the area [21,22].

In order to carry out the comprehensive analysis of UHI, acquisition and processing of remote
sensing data were implemented by the ArcGIS software. Daytime and nighttime thermal data were
loaded into the ArcGIS software and analyzed by a spatial analyst module. Besides, the land-use
layer was used to extract the statistical data of each individual land-use type [22]. Urban morphology
database can be used widely in many applications, and one of the applications is the UHI analysis that
had been used in previous researches [23,24]. Mapping, monitoring, and modeling of urbanization
progress with regard to climate change requires holistic and integrated approaches. Geo-information
technology is one of the promising tools to analyze the UHI phenomenon in terms of spatial and
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temporal resolutions more effectively [24,25]. Utilizing the aforementioned tools and comprehensive
approaches, this study investigated the urban morphological impact of Kampung Baru on the intensity
of urban heat island (UHI) by developing a smart geodatabase for urban climatic mapping.

2. Methodology

2.1. Study Area

Kampung Baru, Kuala Lumpur, is geographically located at latitude 3°09” N and longitude 101°43’
E, covering approximately 301.38 acres lying between the Klang River and Batu Road, as shown in
Figure 1. Kampung Baru has been established since 1899 by the British government and was put under
the administration of the Kuala Lumpur City Hall in February 1972 [26]. The surrounding environment
of the study area presents the topography of a compact urban area, surrounded by various commercial
buildings such as the Kuala Lumpur City Center (KLCC). It is a traditional and contemporary domestic
residential area situated within the capital of Malaysia.
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Figure 1. Study area at Kampung Baru, Kuala Lumpur (Google Maps, 2018).

The older part of Kampung Baru was characterized by densely packed buildings of single and
double-story houses with non-uniform footprints. A large part of this enclave is full of traditional
houses, built about 100 years ago. Some parts of this area generally have taller buildings that are
mainly residential apartments or commercial buildings. In this study, the whole area of Kampung
Baru was focused on the investigation of the influence of a densely packed built area on the urban
climate. The vicinity located within 500 m from the study area was also included in this investigation.

2.2. Building Morphology

In this study, 3D building models were created using a low-cost technique (i.e., utilizing the
on-site database and human resources) rather than using a satellite image and aerial photography or
Light Detection and Ranging (LIDAR). In fact, the low-cost technique was preferred to be used in this
study since the on-site database and human resources were readily available and easily handled. In the
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past, one of the main difficulties of the morphometric approach was the limited availability of data
describing urban texture. In this study, the purpose of using a low-cost instrument to comprehensively
collect building height data is relevant. Collection of the building height data in the study area was
completed in about two months. All buildings on the map were individually checked and identified
on the study site.

Building height was measured from the ground level using the TruPulse 200L laser rangefinder.
This method of building height determination was based on the development of digital elevation
models (DEM) and comparative morphological analysis in the Northern European and North American
cities [27].

Building height data was used to calculate urban morphological parameters. The measuring
instrument is able to distinguish between near and far objects. To make use of the full nominal accuracy
of the instrument (0.5 m), it was placed in front of a building’s facade and a set of three auxiliary
measurements were then performed.

The measurement was performed repeatedly on multiple targets, and the results were compared
to detect any uncertainty in the data. Basically, three to five measurements were found to be enough
because the results of each measurement were almost constant. Besides, the instrument that was new
was calibrated by the manufacturer and used for the first time in this data collection. This contributed
to the accuracy and consistency of measured data.

In this study, building footprints were digitized from the topographic map of Kuala Lumpur,
for which the last survey was in 2004. The sheet number of the map is 16 and the scale of the map is
1:10,000. The building footprints depict the placement of each building and are possibly linked with
data acquisition of the building height collected in a particular area. The building footprints were
digitized for all buildings using the ArcGIS software. The high-resolution satellite image taken in 2013
was overlaid with the topographic map to update the existing buildings in the study area. All buildings
on the map and satellite image were checked and identified on the site. For some buildings, the building
footprint was found to be less accurate and this would be corrected after identifying and measuring
them on the site. Every building was described by a 2D polygon with specific attributes corresponding
to its footprint and rooftop elevation.

The building height data collection is one of the most critical parts in constructing the 3D model
of the building footprints that had been digitized. The building height was measured from the ground
level using a distance meter, TruPulse 200L. The instrument was positioned at two to three meters
from the building fagade, as shown in Figure 2. Using the TruPulse 200L, two measurements were
taken, perpendicular to the desired length and the other two measurements were at inclination. For the
building morphology application, each building is simply represented by a single polygon of uniform
shape with height [28].

The method used to measure height of a building is known as the technique of three shots. First,
to measure slope distance, the laser rangefinder was directed straight to the building’s line of sight, d.
Next, the laser rangefinder was specifically aimed at the bottom of the building to measure the slope
angle of 0,, and next to the building’s highest point to measure the slope angle of 6;. Based on the
Pythagorean theorem, the building height was then calculated.

Average building height of an area represents the depth of the buildings in urban canopy.
The information can be used as a first-order approximation of the surface roughness, z;, when
multiplied by the proportionality constant [29]. In this section, the height characteristics were
summarized for the case study of Kampung Baru. Equations (1) and (2) were used to calculate the
mean and standard deviation of building height.

= Zi;\; hi )
N (n—h)
Sy = g )

N
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where, 1 is the average building height, s, is the standard deviation of building height, ; is the height
of building 7, and N is the total number of buildings in the area. The mean building height of Kampung
Baru varies depending on the land-use type.
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Figure 2. Schematic diagram of building height measurement performed using TruPulse 200L. Letters
(a and b) refer to the segmented distances measured based on the slope angles, 61 and 6,, to obtain the
height of building, H while c, d, and e represent the measured slope distance.

Building plan area fraction, Ay, is defined as the ratio of the plan area of buildings to the total
surface area of the target region. This parameter represents the density of buildings in an area whereby
a higher A, indicates a higher density of the buildings in a particular area. A, is calculated using
Equation (3):

AP
Ar

where, A, is the sum of the areas of the building footprints and Ar is the total plan area.

Ap ®)

2.3. Field Measurement

In this study, two methods of data collection were conducted. The first measurement was done
using a fixed station and the second method was done using a mobile measurement technique.
This section briefly explains about the instruments used to collect the climate data and data
collection procedure.

2.3.1. Instrumentation

Campbell Scientific CR1000 data logger is the instrument used as a fixed station (hereafter referred
to as ‘MJIIT-CS’). It was installed at the rooftop of MJIIT, UTMKL (3°10” N, 101°43’ E) at the height
of 68.0 m from the ground level. The MJIIT building is situated approximately one kilometer from
the study area (i.e., Kampung Baru). It was set to log the data at a one-min interval. The sensors
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can measure air temperature, relative humidity, and solar radiation. The data logger was attached
to the CS5215 temperature and humidity sensor probe and Apogee SP110 self-powered pyranometer,
and covered by a solar radiation shield as shown in Figure 3. The collected data is stored in the
built-in data logger. Table 1 summarizes the instrument specifications and settings of the MJIIT-CS
weather station.

(c)

Figure 3. Campbell Scientific weather station: (a) Campbell Scientific CR1000 data logger installed at
MIIIT rooftop, (b) CR1000 data loggers and (c) Apogee SP100 pyranometer.

Table 1. Instrument specifications and settings of the MJIIT-CS weather station.

Data Logger Model \?al ;?;;;LCS Accuracy T.I. H(i)G Period
Campbell CSL 215-L Air Temp. +0.3 °C March
Scientific Temp/RH Probe  Relative Humidity +4.0% 10.0min ~ ~68.0  2014-February

CR1000 SP 110-L +5.0% for 2015
Apogee Silicon Solar Radiation daily total
Pyranometer radiation

Note: T.I. = time interval and H.A.G. = height above ground.

The data logger, Hobo pro-V2, was fitted with built-in air temperature and relative humidity
sensors. This data logger was used for mobile measurement and as a fixed station at the study
area, as shown in Figure 4. One set of Hobo pro-V2 data logger was used as a fixed station for
six days at a one-second time interval. Meanwhile, three (3) sets of Hobo pro-V2 were used during the
mobile measurement. The sensors were mounted at a height of 2.5 m above the ground and shielded
with a solar radiation shield to prevent direct solar radiation exposure; otherwise, that will impact
the temperature variables assessed. Data logger specifications including instrument type, setting,
and accuracy are shown in Table 2.
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Figure 4. Mobile data collection: (a) Set-up of Hobo pro-V2 data logger with a solar radiation shield, (b)
fixed station (as a control during survey) installed at SRA Raja Muda Musa, Kampung Baru. The sensors
are marked in red rectangles and (c) Location of the fixed station and survey routes during the data
collection at the study area.

Table 2. Hobo pro-V2 data logger specifications.

Instruments N . Measurement Response Time in
Model Climatic Variables Range Instruments Accuracy Airflow of 1 m/s
. —40° to 70 °C +0.21 °C from 0° to 50 °C 5 min in air moving
130;:&0 P ro-zlr2 Alrtemperature 4500 q5g0R) (4038 °F from 32° to 122 °F) at1m/s
&8 +2.5% from 10% to 90% RH 5 min in air moving
Relative humidity 0% to 95% RH (typical), to a maximum of at 1 m/s with
+3.5% protective cap

2.3.2. Site Selection

In this study, the selected locations were referenced as ‘environmental settings” during the data
collection. Table 3 summarizes the types of land-use categories for urban climate data collection.
In fact, the six land-use categories that were selected in this study represent the majority and diversity
of environmental settings in Kampung Baru and its surrounding area. This is essential for better
understanding of the local microclimate during the site investigation.

The first element represents a body of water, i.e., pond, which is situated at Titiwangsa Lake
Gardens. The second element is a park which is also situated at Titiwangsa Lake Gardens. The next
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element is a highway which refers to Jalan Tun Razak. Along the highway, there are buildings such as
hospitals, schools, petrol stations, shop lots, and so on.

Table 3. Different types of land-use categories for urban climate data collection using mobile

measurement.

No. Element Location Picture Location
1. Water/pond Titiwangsa Lake Gardens
2. Park Titiwangsa Lake Gardens
3. Highway Along Jalan Tun Razak

Urban
& Residential Kampung Baru
5 Downtown Kuala Lumpur City
Center

6. Mountain/rural Bukit Nenas Reserve

Forest
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Another important element considered is urban residential area. Urban residential area is the
study area which is Kampung Baru. This is the most important element to be studied since Kampung
Baru is a crowded urban area with low-rise buildings surrounded by high-rise buildings.

The next element is downtown. A downtown area refers to the downtown of Kuala Lumpur where
buildings in this area are mostly skyscrapers. The last element is rural and mountain. This element
refers to the forest reserve area located in the center of Kuala Lumpur. A government reserve area
is located to the west of the center of Kuala Lumpur, whereas a commercial and residential area is
located to the east. In this study, observation was done along the road next to the forest reserve instead
of in the forest reserve area.

2.3.3. Fixed Measurement

Urban climate data for a complete one-year period was collected from MJIIT-CS. In this study;,
only air temperature and relative humidity were analyzed. The data logger was set up at a 10-min
interval. The measurement was carried out from March 2014 until February 2015.

Four monsoon seasons which are Southwest monsoon, Northeast monsoon, and two inter-monsoon
seasons took place throughout the measurement period. The weather phenomena of El Nifio and
La Nifa were also observed within the measurement period.

2.3.4. Mobile Measurement

The handheld measuring technique was carried out for six (6) selected days in April and May 2015
in Kampung Baru. In addition, the measurement also covered approximately 500 m from the boundary
of the study area. Figure 5 shows the route of the mobile survey which covered different types of land
uses. Details on different land uses can be referred to in Table 2. The mobile measurement route was
planned to have a better understanding of how the pattern of land use would affect the surrounding
urban microclimate. The various land uses along the route are indicated in Figure 6. During mobile
measurement, the air temperature and relative humidity data were collected.

Legend:

@ Start/End
points of
survey

= Area of
study area

= Route of
survey

Figure 5. Route of the mobile measurement (red line) which covered the study area of Kampung Baru
and 500 m in the vicinity (Source: Google Wikimapia, 2017).
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Figure 6. Land-use categories along the mobile survey route (Source: Google Wikimapia, 2017).

The mobile measurement was conducted using a motorcycle equipped with a handheld Global
Positioning System (GPS) and two separated Hobo pro-V2 with a solar radiation shield. One set of
Hobo pro-V2 data logger was also installed at the fixed station in the study area as a control. All the
instruments continuously collected the data on temperature and relative humidity at an interval of one
second. The observation was made for seven days from 20:30 to 22:30, i.e., from 24 April 2015 to 8 May
2015, with a vehicle speed of approximately 20-30 km/h.

Table 4 summarizes mobile measurement details. Two (2) instruments were used during the mobile
measurement. Other than the installed instruments for mobile measurement, one instrument was
installed temporarily at the study area (school) as a control during the mobile measurement. This control
is important to check if data recorded by the two instruments were different or containing error.

Table 4. Details of the mobile measurement.

Item Description
Date 24-26 April 2015, 4-8 May 2015
Time Night time (20:30-22:30)
Vehicle Motorcycle
Speed of vehicle 20-30 km/h
Instruments Hobo temperature/RH mini data logger with radiation shield
Intervals 1s

Instrument’s height 14m
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2.4. Geospatial GIS Data

The GIS spatial database of Kampung Baru was developed using various sources of data.
The primary sources of data were obtained from the Department of Survey and Mapping Malaysia
(DSMM). However, the existing spatial data of Kampung Baru could not be updated using the Kuala
Lumpur topography map from the DSMM as it was last updated in 2006. Therefore, the World View?2
satellite image, which was last updated in 2010, and the Google Earth image, which was last updated
in October 2017, was used to develop the spatial data of Kampung Baru.

The geodatabase of Kampung Baru was developed using ArcGIS 10.1, which consists of 3D
building geometry (i.e., footprint and height) and urban climate data. The map was geo-referenced to
the Geodetic Datum of Malaysia 2000 (GDM2000) coordinate system. The limitation of the available
topographic map is the outdated spatial and attribute data. To overcome this limitation, field mapping
and detailed site investigation are occasionally organized to evaluate the available topographic
information and obtain updates from the field observations.

Building data sets were obtained from the satellite image and the field measurement at Kampung
Baru. The satellite image, however, does not contain the information of building height. Hence,
the footprint must be firstly digitized. The building footprints are represented as 2D polygons in the
AutoCAD file as shown in Figure 7, while the 3D buildings, which are the buildings extruded based on
their respective heights, are shown in Figure 8, in which the buildings are color-coded based on height.
Buildings were manually digitized using aerial photos. The tree canopy data were not included in
the analysis of the case study area because the analysis of the urban morphology was only focused
on the buildings. Nevertheless, the influence of tree canopy might be inherently present on the field
measurement data which is representative of actual data for the environmental settings in Kampung
Baru and its surrounding area. The lack of the tree canopy data in the developed GIS database is a
limitation that can be addressed and overcome in future studies.

The GIS spatial database of Kampung Baru consists of various types of buildings such as
residential, educational, commercial, religious (i.e., building of worship), and petrol station as shown
in Figures 7 and 8. The spatial characteristics of Kampung Baru were mapped using GIS to present
the current land cover of Kampung Baru. The detailed information of various building types such as
building name, building coordinates, building area, and building height were stored and managed in
the attribute table.

GIS is a modern application used to store, manage, and geo-spatially analyze various information.
This study utilized GIS in managing climatic variables at Kampung Baru in a GIS database. The general
workflow of the development of the GIS database is shown in Figure 9.

The first step in handling spatial data information was geo-referencing the various data sources
into a single coordinate system. The base map obtained from the Department of Survey and
Mapping Malaysia (DSMM) with the projected coordinate system of GDM2000 Malayan Rectified
Skew Orthomorphic (MRSO) was used as a reference to geo-reference other data sources such as the
WorldView?2 satellite image and the topographic map in one coordinate system. Next, the land cover
data such as the land-use categories were identified.
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Figure 9. General work flow of the GIS database development.

The land cover data were digitized into vectors to produce the map of Kampung Baru which
includes different land categories and features. The land cover data were classified based on the feature
class. For each feature class, detailed feature information such as the name, location, and area of the
block was managed in the attribute table. The characteristics of spatial data were then analyzed using
GIS geo-processing tools. Figure 10 shows the workflow in analyzing the temperature distribution
in Kampung Baru. In this study, the spatial analyst tool (i.e., the ‘Natural Neighbor” function) was
used to interpolate the data of the measurement days from the selected points in the whole area of
Kampung Baru.
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Figure 10. Workflow of analyzing the temperature distribution using Natural Neighbor.

Figure 11 shows an example of the temperature distribution in Kampung Baru developed using
ArcGIS. Urban climatic data (i.e., temperature and relative humidity) were imported into ArcGIS
10.1 to create a complete database coupled with the building morphology. The analysis was done to
map out areas with a higher risk of UHI in Kampung Baru indicated by high temperatures shown in
the figure and analyze the factors affecting UHI based on Land Use Land Cover (LULC). In the GIS
environment (ArcGIS 10.1), the analysis of fixed and mobile measurements involved air temperature
data. For each station, the daily average air temperatures for seven days were inserted into the attribute
table. Further analyses were carried out in the GIS interface using the ArcGIS software. When the
building morphology database was ready to be used and the analysis of building statistics was done,
the urban climate data was then overlaid on the building morphology database using a 3D analyst
function (i.e., Natural Neighbor) in ArcGIS. Figure 11 displays the results of interpolation between
these two elements, urban climate data and building morphology. It can be deduced that the spatial
variation of the urban morphology has an impact on urban climate and outdoor thermal comfort.
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Natural Neighbor is a type of interpolation method to predict weather at locations where
measurement was not performed. The interpolation method uses real weather information (e.g.,
precipitation, elevation or mineral content) obtained from measurements performed at particular
locations. The GIS interpolation mapping shows the variation of the average daily air temperature
across the Kampung Baru area. The air temperature interpolation affected building morphology which
contributed by variation of building shadow, land cover features, sky view factor, and height/width
ratio [21,22]. This has a potential application in future research related to the impact of urban
development on local weather or climate.

To classify each land-use type, MS1759:2005 (Geographic Information/Geomatics—Feature and
Attribute Codes), which is the standard code used to develop a database in Malaysia, was used. Table 5
summarizes the main land-use classifications in M51759:2005. Currently there are 12 feature categories
including X which has been reserved for a special use (dataset-specific) in each classification scheme.
In this study, the mostly used category is B-Built Environment. Each category is then divided into
many sub-categories depending on the purpose of classification.

Table 5. Urban land-use classification schemes in MS1759:2005 (Geographic Information/
Geomatics—Feature and Attribute Codes).

Code Category

Aeronautical
Built Environment
Demarcation
Geology
Hydrography
Soil
Transportation
Utility
Vegetation
Special Use (Dataset-specific)
General

NX<CHWnwIOJIw»

3. Results and Discussion

3.1. Temporal Analysis of Urban Temperatures

Figure 12 shows the mean temperature profiles of an eight-month observation obtained
from MJIIT-CS and three meteorological stations of Malaysia Meteorological Department (MMD).
Two meteorological stations are located in Petaling Jaya (3°06” N, 101°39” E) and KLIA (2°44" N,
101°42" E), whereas one auxiliary station is located in FRIM Kepong (3°14" N, 101°38’ E) which lies in a
rural area. All stations, which were at fixed locations, were analyzed for the weather pattern in Klang
Valley. The minimum temperature, which was between 25.2 °C and 27.1 °C, was recorded in January
2014. During this period, there were a few areas all over the country including Sabah and Sarawak
that were affected by floods. The maximum temperature, which was between 28.4 °C and 30.0 °C,
was recorded in June 2014 and found to be consistent with the recorded values from other stations in
the same month.

Additionally, the result also revealed higher temperatures were recorded by MJIIT-CS and the
weather stations located in KLIA and PJ, all of which are in urban areas. On the contrary, the lowest
temperature was recorded by the weather station located in the Forest Research Institute Malaysia
(FRIM) Kepong, which lies in a rural area. In addition, Kampung Baru had a higher temperature,
between 1 and 2 °C higher compared to that of FRIM Kepong. According to [1], the annual mean
temperature of an urban area varies between 1 and 2 °C greater than that of a rural area, indicating
the higher probability of UHI occurrence in an urban area. Based on the findings, many factors,
for instance, urban structure, building materials, width of street, sky view factor, and anthropogenic
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heat contribute to the occurrence of UHI in urban areas [1]. It is remarkably important to evaluate the
UHI phenomenon in the study area through spatial and temporal analysis.
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Figure 12. Daily average temperature distributions from the MJIIT-CS weather station and three
selected Malaysia Meteorological Department (MMD) weather stations for eight months of observation.

3.2. Temperature Variation under Different Environmental Settings

Figure 13 presents air temperature distributions obtained in various types of locations during

the mobile measurement. As stated earlier, the route of measurement passed through various types

of land use such as pond (water), commercial, park, urban residential (Kampung Baru), downtown,
and mountain.
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Figure 13. Temperature distributions based on mobile measurement at different land-use categories.
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Figure 13 shows that air temperatures at the water area (pond) and mountain (Bukit Nanas
Reserve Forest) are mostly low compared to the other areas due to the extensive presence of cooling
elements such as water and vegetation. However, the air temperature trend obtained on 4 May 2015
contradict with the aforementioned finding since the measurement on 4 May 2015 was carried out
directly after the rain stopped, and this was considered as a wet day. Hence, the effect of UHI is not
significant from the air temperature distribution obtained during or after the rain (wet day).

With the exception of the data reported on 4 May 2015, the graph reveals that the urban residential
area (Kampung Baru) is the hottest region compared to the other areas on all observation days that were
dry days since there was no rain or the environment was fairly bright and sunny. The results clearly
show that the study area is much hotter than the downtown area. It is worth noting that this finding is
consistent with any day of observation. While the differential is less than 0.4 °C, it is counter to the
belief that the downtown area will be the hottest during the night relative to other areas. Nonetheless,
Kampung Baru is not seen as a high-rise development zone. Most possibly, the key explanation for
the highest temperatures reported in Kampung Baru is the prevalence of nearby infrastructures such
as highways (which frequently have heavy traffic) and high-rise buildings, as well as being a very
compact area.

The findings also indicate that the green areas with roadside trees were leading to the cooler
temperature in the neighboring town. The air temperature in the Titiwangsa Lake Gardens Park is
lower on each day of the measurement relative to the air temperature in the Bukit Nanas Reserve
Forest. This finding is consistent for every day of observation except 4 May 2015. This is due to the
presence of roadside trees in the Titiwangsa Lake Gardens Park, as opposed to the location of Bukit
Nanas Reserve Forest which is restricted by the commercial highway zoning. A combination of a green
area with a water element will lower the air temperature as opposed to a stand-alone green area.

3.3. Temporal Analysis of UHI Intensity (UHII)

In an attempt to investigate the urban heat island intensity (UHII) in the study area, outdoor air
temperature measurements were performed in situ and the measured results were compared with
the rural weather station MMD in Jakoa, Gombak, during the same period from 14 to 19 October
2015. The minimum and maximum values of UHII from each day of observation are listed in Table 6.
In addition, Figure 14 shows the recorded temperatures at Kampung Baru (urban area) and Jakoa
(rural area) and the temperature difference between the two areas.

Table 6. Minimum and maximum values of UHII (urban heat island intensity) at Kampung Baru.

Date Minimum Maximum
14 October 2015 -0.7 44
15 October 2015 0.0 44
16 October 2015 -2.3 4.2
17 October 2015 -1.8 3.2
18 October 2015 -0.8 45
19 October 2015 0.3 6.0

From the table, the maximum intensity of UHI was 6.0 °C. The negative values indicate that the
air temperature at Jakoa, Gombak, is higher compared to Kampung Baru. The negative result only
happened for one or two hours in a day. This is because of rainfall at Kampung Baru at that particular
time which cooled down the local environment. The minimum air temperature was recorded at 06:00
at the urban station and 07:00 at the rural station. Meanwhile, the maximum temperature at the rural
station occurred one hour after the recorded maximum temperature at the urban area on each day of
observation. This is because the condition in the urban area, which has a higher density of buildings
and pavements, allows the absorption of heat during the daytime. However, the release of heat occurs
much slower at the nighttime. In contradiction to the urban area, the rural area is normally surrounded
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by greenery. From all of the observation days, the UHI intensity was found higher during the nighttime
and lowest during the daytime. The UHI intensity continued to increase after 18:00 and peaked at
about 06:00, as shown in Figure 14. It can be seen in Figure 14a—c that the UHI peak was found early in
the morning due to heavy precipitation that occurred in the evenings of three consecutive days, from
14 to 16 October. This is contrary to the observation in Figure 14d—f in which the UHI peak occurred in
the evening as a result of clear sky for the rest of the days.
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Figure 14. Temperature distributions obtained from fixed measurement at the study area of Kampung
Baru (urban area) and Jakoa, Gombak (rural area) on (a) 14 October 2015, (b) 15 October 2015,
(c) 16 October 2015, (d) 17 October 2015, (e) 18 October 2015, and (f) 19 October 2015.

Figure 15 shows the hourly average of UHI intensity over six (6) days. Overall, the hourly average
of UHII ranged between 1.0 °C and 4.0 °C, which was equal between the urban and rural areas.
The nighttime temperature in the urban area is higher than in the rural area. The highest value of
hourly average UHII was recorded at 09:00 and the lowest value were recorded at 16:00. All calculated
values of UHII are positive values, indicating that the high temperature recorded at Kampung Baru
contributed to the UHI phenomenon.
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Figure 15. Comparison of temperature distributions obtained from fixed measurement for six days.
3.4. Relationship between Urban Heat Island (UHI) and Building Morphology in GIS Interface

Figure 16 display the interpolation of temperature distributions in the building morphology of
Kampung Baru during period of measurements.
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Figure 16. Interpolation of temperature distributions in the building morphology of Kampung Baru on (a) 24 April 2015, (b) 26 April 2015, (c) 5 May 2015, (d) 6 May
2015, and (e) 8 May 2015.
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From Figure 16a—e, it can be seen that eastern part of Kampung Baru is relatively cooler compared
to the west part. This is due to the commercial area residing in the western part where social activities
take place. This means that the traffic in this part is regularly congested, as it becomes the target
area for many business activities. Besides, many high-rise building such as hotels and hospitals are
located in the western part of Kampung Baru. At the eastern and middle part of Kampung Baru,
the temperature recorded was lower compared to that of the western part. This is because those two
parts are mostly made up of residential buildings where local residents run their daily activities.

In addition, the study found that the lowest temperatures were recorded at parks where the body
of water and green element are located, as opposed to the downtown area which lacks the cooling
elements. In the period of this study, however, higher temperatures were recorded at Kampung
Baru. This shows that despite Kampung Baru being dominated by low-rise and residential buildings,
the complexity of building arrangement, such as of staggered array, is one of the leading factors of UHI
phenomena in this region. Other factors include direct absorption of heat by the ground, causing the
ground to heat faster than other types of land covers. In contrast, other types of features that make
up the urban surface such as roads, pavements, buildings, and concrete tend to release the absorbed
heat slowly.

Using the GIS application, prediction of weather phenomena can be easily made. For example,
in this study, the measured temperature was inserted in the “point” function namely ‘interpolation’.
The prediction of a future weather phenomenon can be done by changing the value of ‘interpolation’
in the ArcCatalog. By running the interpolation using the Natural Neighbor function, the analysis can
be done directly and easily.

4. Conclusions

There are several concluding remarks pertaining to the current results obtained from the conducted
study. Firstly, this study disclosed the urban heat island (UHI) phenomenon in Kampung Baru.
The results obtained from the fixed measurement in Kampung Baru and the rural weather station in
Jakoa, Gombak, showed the higher temperatures in Kampung Baru. In addition, the collected weather
data from the mobile measurement also showed that Kampung Baru had the highest temperature and
lower relative humidity compared to other surrounding places including the downtown area. This was
primarily due to Kampung Baru being a low-rise compact residential area surrounded by high-rise
buildings, and such morphological conditions increase the tendency of the area to trap warmer air
during the daytime.

Secondly, the database of building morphology and urban climate was developed using Geographic
Information System (GIS) using the ArcGIS software. From the database, building statistics were
calculated for each land-use category and the whole study area. Furthermore, the urban climate data
was plotted and overlaid in the database to assess the pattern and factors that contributed to changes
in air temperature. The importance of this database is remarkable as it records the data of all buildings
and urban temperature in a specified area, which is necessary for further analysis and discussion
on urban planning and redesigning of the study area. In fact, the data would be crucial for further
work on urban heat island mitigation strategies and can be used as a reference in the application of
building morphology.

The government has proposed a plan to transform Kampung Baru into a sustainable city in 2035.
One of the missions from ‘Pelan Induk Pembangunan Kampung Bharu’ is to develop green township
and promote environmental care in Kampung Baru. Therefore, it is essential for the town planner,
decision makers, and other parties to comprehensively study and strategize the future development
of Kampung Baru. Urban planners, in particular, can utilize the spatial outdoor temperature data in
their analysis and decision making associated with the sustainable development of the target area.
The development process should focus on maintaining and preserving the nature of Kampung Baru.
In addition, the presented findings are limited to the current configuration of this study area, thus,
results pertaining to different cities may vary.
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