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ABSTRACT

As Malaysia envisions its cities to be environmentally-friendly the concept of Urban
Climatic Mapping should be introduced as a guide in assisting urban planners. This paper
aims to generate the Urban Climatic Analysis Map (UC-AnMap) of Kuala Lumpur City. It
uses the Geographical Information System as the analysis platform together with available
data sets of Kuala Lumpur to generate the urban climatic map. To generate UC-AnMap
two main analyses involved are Thermal Load and Dynamic Potential were used. Using
the combination of the two key analyses, the UC-AnMap of Kuala Lumpur is produced
and climatically sensitive areas of the city produced.
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INTRODUCTION

Rapid urbanization has taken place all over
the world especially after World War 2,
without a proper planning, urbanization
can lead to environment degradation. The
urban climate condition in Malaysia’s cities
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is degraded due to rapid and uncontrollable
urbanization. Thus, many cities in Malaysia
experience the negative effects of urban
heat islands, and the country is projected
to experience urbanization process of about
0.84% by 2020 (Yuen & Kong, 2009).

The effects of UHI phenomenon in
Malaysia is not new as several cities in
Malaysia have reported and documented
heat islands (Elsayed, 2012; Karsono &
Wahid, 2010; Kubota & Ossen, 2009).
The UHI phenomenon increases the risk
of climatic hazards such as heat stress and
exposure to air pollutants (Arifwidodo &
Tanaka, 2015).
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To inject the urban climatic information
in urban planning, the gap between
meteorology field and urban planning
must be filled. The UC-Map is a climatic
information and evaluation tool that helps
planners to understand the urban climate
conditions and formulate them in their urban
design (Ren et al., 2012).

The UC-Map has two main components:
the Urban Climatic Analysis Map
(UC-AnMap) and the Urban Climatic
Recommendation Map (UC-RecMap) (Ren
etal., 2010). UC-AnMap presents the urban
climatic characteristics of different regions
which used the analysis and evaluation
of their urban climatic factors and their
effects on thermal condition and dynamic
potential as the basis. The wind information
layer is also included in order to ensure the
information is adequate (Acero et al., 2015;
Baumuller et al., 2009; Burghard et al.,
2010; Eum, Scherer, Fehrenbach, Koppel,
& Woo, 2013; Houet & Pigeon, 2011; Mora,
2010; Morris, 2016; Ng, Chao, Katzschner,
& Yau, 2009; Ren, Lau, Yiu, & Ng, 2013;
Ren et al., 2012; Tanaka, Ogasawara, Koshi,
& Yoshida, 2009). The UC-ReMap portrays
the spatial evaluation of current climatic
conditions and characteristics and identifies
areas which are climatically sensitive,
requiring planning attention (Acero et al.,
2015; Baumuller et al., 2009; Burghard et
al., 2010; Eum et al., 2013; Houet & Pigeon,
2011; Mora, 2010; Morris, 2016; Ng et al.,
2009; Ren et al., 2013; Ren et al., 2012;
Tanaka et al., 2009).

This study aims to generate one of the
main components of UC-Map called UC-

AnMap to examine the climate condition in
Kuala Lumpur city. By utilizing the readily
available data sets, this study employs the
same model used by a study in Hong Kong
(Ng et al., 2009; Ren, Ng, & Katzschner,
2007) to generate the UC-AnMap of Kuala
Lumpur. Geographical Information System
(GIS) is used as the analysis platform to
prepare and analyse the information layers
as well as to produce the maps.

METHODS

This study focuses on Kuala Lumpur city. It
takes its different characteristics to identify
how the urban climate varies. Kuala Lumpur
city has regions which are dominated
by high-rise buildings and skyscrapers,
compact business areas such as Bukit
Bintang, residential areas, highly vegetated
areas such as Bukit Tunku and Mont Kiara
and other areas suitable for this study.

This study used the readily-available
datasets consisting two vector data layers
i.e. building.shp and landuse.shp, and two
raster data layer i.e. Digital Elevation Model
(DEM) and satellite image. Building.shp
stores building footprints and building
height information whereas landuse.shp
layer stores land use information i.e. land
use classes which are very important for
this study. DEM layer used in this study is
derived from Light Detection and Ranging
(LiDAR) data set which has been captured
in 2014. The satellite image, Landsat 8 OLI/
TIRS, used in this study is an open source
data provided by U.S Geological Survey
website.
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In this study, a model used to study the
situation in Hong Kong (Ng et al., 2009) was
utilised to produce the UC-AnMap of Kuala
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study can be seen in Figure 1.
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Figure 1. Methodology adapted for this study

Preparation of Data Sets

In this study, readily-available data sets of
Kuala Lumpur are used to produce the UC-
AnMap. The data consists of two vector
data layers (i.e., building and land use) and
two raster data layers (i.e. Digital Elevation
Model and satellite image). Building layer
which contains building footprints and
building heights is used to calculate the
building volume and building coverage.
Land use is needed to separate built-up areas
from vegetated areas and used to calculate
the building volume (for no building
and pavement areas), building coverage,
proximity to water bodies and open space.
Elevation variation and slope layer are
obtained from DEM layer. A satellite image

Dynamic Potential

(Landsat 8 OLI/TIRS) dated 24th March
2014 is used to derive the Normalized
Difference Vegetation Index (NDVI) layer.
The selected date also provides a clear sky
view image which is very suitable to extract
the NDVI information easily. The data
sets and information prepared are needed
to generate six urban parameter layers
which store the impact value of each urban
parameter that influence the urban climate
condition.

Generation of Urban Parameter Layers

The urban climate of the city can be
characterized with a balanced consideration
of “negative” Thermal Load effects due to
building bulks and building layouts and
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“positive” Dynamic Potential and mitigate
effects (Ng, Katzschner, Cheng, & Lau,
2008). The study examines six urban
parameters to analyse their contribution
to Thermal Load and Dynamic Potential
and therefore to the urban climate. Every
layer is classified into specific classes
(with classification values) which indicate
the impact value of the urban parameters
on Thermal Load and Dynamic Potential.
The study maps the six urban parameters
spatially (into spatial data layers) using the
GIS technique. The urban parameter layers
are combined and classified either positively
or negatively vis a vis their effect on urban
climate. All of the six layers are prepared in
raster layer with a resolution of 30 m x 30 m.

Using the building footprints and
information on height the buildings’ volumes
are computed, which is combined with land
use information to identify the areas without
buildings and also pavements such as roads.
The volume information is then converted
into raster data layer with percentage and
classified into six classes based on a field
observatory study (Zhao, Fu, Liu, & Fu,
2011) in a tropical country. The classes
range from 0 to 6. By utilizing the DEM
layer, the topography of Kuala Lumpur is
classified (Topographical Height). Using
the classification based on a study of Hong
Kong (CUHK, 2012), this study classified
the layer into four classes ranging from
-3 to 0. Using NDVI layer prepared, this
study separates vegetated areas from non-
vegetated areas in Kuala Lumpur using the
threshold value of 0.1. Using the building
and land use layers, this study identifies

and separates the built-up areas from the
non-built-up areas. The built-up areas hold
avalue of 1 and 0 for the non-built-up areas.
The layer is then converted into raster data
layer with 1m resolution. The layer is then
aggregated into 30 m resolution with sum
option. The percentage of built-up areas
within a pixel (30m x 30m) is calculated and
classified based on a study (Middel, Hab,
Brazel, Martin, & Guhathakurta, 2014).
In this study, the proximity from water
bodies, the proximity from open space and
the proximity from slope areas are used
to assess the Dynamic Potential of Kuala
Lumpur. These three aspects have different
effects on the urban climate. In this study,
these three aspects are combined and the
maximum value is selected to present the
openness of the study areas.

Generation of Thermal Load layer,
Dynamic Potential layer and UC-
AnMap

Thermal Load and Dynamic Potential play
important roles in influencing the climate
in an urban area. The balance between
Thermal Load and Dynamic Potential
is used to derive the UC_AnMap which
represents the climatic condition of an
area in eight different classes. Through
six urban parameter layers generated from
the previous stage, the Thermal Load and
Dynamic Potential of Kuala Lumpur are
derived, and then, the two important layers
are combined together to produce the UC-
AnMap of Kuala Lumpur. The Thermal
Load layer is generated using three urban
parameter layers produced earlier; Building
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Volume layer, Topographical Height layer
and Green Space layer. By adding the
pixel values (classification values) of
the three layers involved, Thermal Load
layer of Kuala Lumpur is produced. The
resulted pixel values represent the impact
of Thermal Load (warming effects) on the
urban climate of Kuala Lumpur. Using three
urban parameter layers generated from the
previous stage - Building Coverage layer,
Natural Landscape layer and Proximity to
Openness layer - the Dynamic Potential layer
is produced. Similar to Thermal Load layer,
Dynamic Potential layer is portrayed by the
sum of pixel values (classification values)
stored in the layers involved. The resulted
pixel values represent the impact values
of Dynamic Potential (cooling effects) on
the urban climate of Kuala Lumpur. UC-
AnMap is a map that portrays the climatic
information (condition) of an urban area
using the collation of important climatic
information through assessments made on
Thermal Load and Dynamic Potential. In
this study, the UC-AnMap of Kuala Lumpur
is generated by simply adding the impact
values of Thermal Load and Dynamic
Potential. The values obtained represent
the impacts of six urban parameters on the
urban climate condition of Kuala Lumpur.
The values are then reclassified into eight
classification system (CUHK, 2012).

RESULTS AND DISCUSSION

Urban Parameter Layers

This study examined six urban parameters in
order to analyse the two key issues: Thermal
Load and Dynamic Potential. The study

maps the urban parameters into six different
layers; building volume map, topographical
height map, green space map, building
coverage map, natural landscape map and
openness map. In order to analyse the impact
of the urban parameters, classification
values were assigned to indicate their
impact on the urban climate condition of
Kuala Lumpur. Positive values of the layers
involved in the generation of Thermal Load
indicate negative impacts on the urban
climate condition. On the other hand, the
negative values of the layers involved in the
generation of Dynamic Potential indicate
positive impacts on the urban climate
condition.

Building Volume, Topographical Height
and Green Space

Figure 2 shows the Building Volume,
Topographical Height and Green Space
maps which involved in the generation of
Thermal Load. In Building Volume map,
most of the pixels are classified as Paved
Area only with value of +1. Most pixels
stored 0% to 4% building volumes with value
of +2. In other means, the most of the pixels
in this layer contribute to the increment of
Thermal Load value by +1 to +2. Differ
from Building Volume map, Topographical
Height map indicates that most of the pixels
contribute to the reduction of Thermal Load
value by -1 to -3. It can be seen areas which
have the capability to reduce the Thermal
Load values are mostly situated at Kuala
Lumpur outskirts. This indicates that, the
centre of Kuala Lumpur is surrounded by
high terrain with development concentrated
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in the lower altitude. Green Space map
clearly shows that Kuala Lumpur is mostly
covered by vegetated areas. Therefore, most

of the pixels in this layer contribute to the
reduction of Thermal Load values with a
value of -1.

BUILDING VOLUME MAP

TOPOGRAPHICAL HEIGHT MAP

GREEN SPACE MAP

Figure 2. Building Volume map, Topographical Height map and Green Space map

Ground Coverage, Natural Landscape
and Proximity to Openness contribution
to Dynamic Potential

Figure 3 shows the maps of urban parameters
to generate the Dynamic Potential. Ground
Coverage map indicates that most pixels of
the areas in Kuala Lumpur are not covered
with built-up areas which increase the
Dynamic Potential values by -2. Natural
Landscape map portrays that most of the
areas have high Dynamic Potential. Most

pixels of the areas in Natural Landscape map
maintain the value of Dynamic Potential by
0. The map also shows that, even though
Kuala Lumpur is covered by vegetated
areas, most of the vegetated areas are not
dense which increase the Dynamic Potential.
Similar situation as in Ground Coverage
map is also found in Proximity to Openness
map. The Openness map shows that most
of the areas contribute to the increase of
Dynamic Potential with a value of -1.

GROUND COVERAGE MAP

i

A;_?'.q

NATURAL LANDSCAPE MAP

PROXIMITY TO OPENNESS MAP

Figure 3. Ground Coverage map, Natural Landscape map and Proximity to Openness map
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Thermal Load Layer and Dynamic
Potential Layer

As mentioned earlier, Thermal Load has
a negative influence on the urban climate
condition. Figure 4 shows the Thermal Load
map of Kuala Lumpur. The Thermal Load
value ranged between -4 to 5; -4 indicates
lowest value and 5 the highest value of
Thermal Load. Based on the Thermal Load
map, it can be concluded that the areas
which have high Thermal Load are located

in the central part of Kuala Lumpur such as
Bukit Bintang, areas are highly developed.
Figure 4 shows the Dynamic Potential
layer of Kuala Lumpur. The Dynamic
Potential value ranged between -4 to 1;
-4 indicates highest value and 5 which
indicates lowest value of Dynamic Potential.
Even though the highest value of Dynamic
Potential covers only a small area in Kuala
Lumpur, it can clearly be seen that the city
still allows air flow especially in northern
regions of Kuala Lumpur such as Jinjang.
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Figure 4. (a) The Thermal Load layer; and (b) Dynamic Potential layer of Kuala Lumpur (right)

Urban Climatic Analysis Map of Kuala
Lumpur

The generated UC-AnMap is shown in
Figure 5. Based on the result, the study
proved that most of the areas in Kuala
Lumpur can be classified as Neutral which
covers approximately 48% of the study area.
The areas which are classified as warming
and cooling cover approximately 21% and
31% of the study area respectively. From
the UC-AnMap produced, some regions
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in Kuala Lumpur need proper mitigation
measures. Based on the generated UC-
AnMap, the climatically most sensitive
areas (classified as Class 8) are within
Kuala Lumpur City such as Bukit Bintang,
Puduraya, Mid Valley City, KL Central
and Jalan Raja Chulan. Therefore, urban
planners and policy makers must take proper
measures to mitigate critical climatically
sensitive areas within the study area.

The map also indicated that the areas
classified as warming areas are located in
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the central part of Kuala Lumpur which is
also highly built-up. On the other hand,
the cooling areas are mostly located within
the outskirts of Kuala Lumpur city centre.
Based on the results (UC-AnMap), it is
clearly evident that Kuala Lumpur suffers
urban heat island. The neutral areas surround
warming areas forming coat-like regions
and a boundary between warming areas and
cooling areas.

URBAN CLIMATIC ANALYSIS MAP

Figure 5. UC-AnMap of Kuala Lumpur, Malaysia

CONCLUSION AND
RECOMMENDATION

This study aims to generate UC-AnMap of
Kuala Lumpur based on the study that was
done in Hong Kong. Eight-class UC-AnMap
was produced to highlight the climatically
sensitive areas in Kuala Lumpur. Based on
the result, this study proved that 21% of
the study areas are categorized as warming
classes, 31% of the areas categorized as
cooling areas and 48% of the areas are
neutral. It suggests some regions require
mitigation to improve the climate condition

and some regions should be preserved and
maintained. Through the generated UC-
AnMap, the urban climatic condition of
Kuala Lumpur is portrayed and can be used
as a guide for urban planning especially for a
better future development and sustainability.

This study employed the model which
is designed to suit Hong Kong’s urban
scenario. Even though both cities experience
similar climate, there are several differences
in terms of urban scenarios between these
two cities. Therefore, a model which
suits the City of Kuala Lumpur should be
developed. A UC-AnMap should be able to
translate the complex meteorological and
climatological data into a simpler form of
“language” to be easily understood by urban
planners and policy makers.
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