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ABSTRACT: Urban green spaces (UGS) play a crucial role in promoting ecological, social, and environmental

sustainability. UGS play a key role in reducing land surface temperature (LST) in rapidly urbanizing areas, thereby

mitigating the urban heat island (UHI) e�ect. �is paper conducts an extensive analysis of land use, Normalized

Di�erence Vegetation Index (NDVI), and LST to examine the in�uence of the environmental landscapes of Shah Alam

and Putrajaya from 2014 to 2023 on the variation of LST. In 2014, NDVI values in Shah Alam ranged from 0.35 to 0.50,

�uctuating to 0.32 to 0.48 in 2023. Conversely, Putrajaya maintained a more stable NDVI range, from 0.40 to 0.52 in

2014 and 0.39 to 0.51 in 2023. Variations in LST reveal the thermal dynamics of both regions, with Shah Alam showing

noticeable temperature increases. In 2014, Shah Alam’s LST ranged from 22○C to 32○C, rising to 25○C to 33○C in 2023.

Highlighting the cooling e�ect of UGS, the study identi�ed a moderate inverse correlation between NDVI and LST.

Putrajaya’s planned urban greening initiatives outperformed Shah Alam’s scattered green spaces. �e �ndings suggest

that UGS does not solely drive increases in LST. However, integrating green spaces into urban development schemes

remains a bene�cial practice for improving city livability.
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1 Introduction

Greenery, parks, gardens, and street trees de�ne a sustainable and livable city. �ey provide several

environmental, social, and �nancial bene�ts, including improved air quality, reduction of the UHI e�ect,

habitats for wildlife, better quality of life for city residents, and economic development [1]. �e rapid

urbanization in Malaysia in recent years has made urban green spaces (UGS) increasingly signi�cant.

Malaysia has undergone rapid urbanization over the past few decades, with the percentage of people living

in urban areas increasing from 28.4% in 1970 to 50.7% in 1991 and reaching 75.1% in 2020, as reported by

the Selangor Journal on 20 March 2024. �e rapid urbanization has transformed green spaces into highly

populated cities, leading to a reduction in green areas and intensifying the UHI e�ect [2]. To manage

and expand urban green spaces, the Malaysian government has introduced several policies and projects

aimed at addressing these challenges. �e National Landscape Policy, launched in 2011, is among the most

notable initiatives, aiming to incorporate green spaces into urban development and design. Emphasizing the

importance of prioritizing natural and cultural heritage, supporting sustainable development, and ensuring
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equitable access to green spaces for all citizens, the policy outlines the principles and guidelines for the

creation and maintenance of urban green spaces in Malaysia.

Each UGS design aimed to improve the urban environment and support the well-being [3]. �ese

green spaces are ideally positioned near cities, as their strategic proximity ensures easy access for urban

residents [4]. �is closeness encourages their frequent use, maximizing the bene�ts they o�er. In terms of

form and scale, Malaysian urban green spaces demonstrate a wide range. While some are large urban forests

or extensive green areas providing greater ecological and recreational value, others are small pocket parks

designed to �t into existing urban landscapes [5].�e diversity in shape and size enables green space designs

within metropolitan areas to meet various needs and preferences. According to previous research, UGS have

emerged as clear solutions for mitigating the UHI e�ect. Ref. [6] conducted studies emphasizing the crucial

role these spaces play in lowering temperatures and mitigating the UHI e�ect. �eir �ndings show that

evaporative cooling and shade from trees and other plants signi�cantly reduce ambient city temperatures

[6,7]. Evapotranspiration cools the surrounding air and reduces local temperatures. Consequently, the UHI

e�ect diminishes, enhancing thermal comfort for city inhabitants [8]. Ref. [9] further emphasised how green

spaces in�uence the urbanmicroclimate and help lessen the heat island e�ect.�eir studies reveal that urban

vegetation can alter the surface energy balance, lowering the Land Surface Temperature (LST). Green spaces

absorb less heat compared to impervious surfaces such as concrete or asphalt, thus reducing the overall heat

storage capacity in urban areas. �is decreased surface temperature not only counteracts the UHI e�ect but

also creates a more pleasant and balanced metropolitan environment.

LST has been extensively measured both globally and locally using remote sensing and Geographic

Information Systems (GIS). �ese methods monitor surface earth radiance across multiple wavelengths,

including the thermal infrared range, through satellite imagery. Algorithms that consider surface emissivity,

atmospheric e�ects, and other factors convert the radiance data into temperature values [10]. Landsat’s

thermal band, operated by the US Geological Survey (USGS) satellites for earth observation, is among

the most frequently used sensors for LST monitoring. Additionally, the Advanced Spaceborne �ermal

Emission and Re�ection Radiometer (ASTER) and the Moderate Resolution Imaging Spectroradiometer

(MODIS) have also been employed for monitoring and assessing LST [11,12]. �ese sensors enable local and

international tracking of LST, providing a broader perspective on its spatial trends.

Ref. [13] has investigated how cumulative green spaces a�ect the LST. �eir study shows that built-

up areas have a greater in�uence on the LST than green ones. �ey conclude that although green spaces,

especially highly vegetated areas, can help reduce high temperatures in metropolitan regions, built-up areas

generally raise the LST. Ref. [14] also agreed with this and state that GIS techniques provide a robustmeans to

evaluate LST at various levels, enabling research into the interaction between LST and many environmental

elements, including urban green spaces.

Refs. [15,16] stated that LSTdoes not have a direct impact fromUGSalone, but also frommany landscape

factors. However, incorporating green spaces into development plans is a good practice for reducing the

e�ects of UHI and enhancing livability [17]. Ref. [18] suggested that future research should explore seasonal

variations inNDVI-LST relationships by integrating additional environmental variables such as soilmoisture

and precipitation.

2 Methodology

�is study employs a quantitative approach to evaluate the impact of UGS on LST in Shah Alam and

Putrajaya, Malaysia. �e methodology involves several key steps, including data collection, data processing,

and analysis, as shown in Fig. 1.
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Figure 1: Research work�ow
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2.1 Study Area

�is study covers two regions: Shah Alam and Putrajaya, as shown in Fig. 2. Both areas have subtle

di�erences in the design of urban green spaces.

Figure 2: Study area

Shah Alam is the capital of Selangor State in Malaysia and is currently the third most populous city in

the country. Shah Alam City was initially planned and developed in 1978.�e 2035 Local Plan states that the

city limits cover 30,310.72 hectares at 3○4′20′′ N, 101○31′ E.

Putrajaya was initially designed as a planned city in 1995 and has developed into a major center of

government operations and infrastructure, covering a total area of 49.5 km2. Putrajaya’s master plan states

that a visually appealing urban environment is created by a lively and sustainable city that combines the

environment with technology. As a result, there has been a noticeable reduction in green spaces in the town

in recent years, emphasizing the need for comprehensive research and conservation e�orts to protect and

enhance its urban vegetation.

2.2 Data Collection

Two (2) datasets were used in this study, which are land use data from PLANMalaysia and Landsat 8

satellite images for 2014 and 2023. Landsat 8 images were captured in March 2023 and April 2014, covering

the geographic areas of Shah Alam and Putrajaya. �ese speci�c dates were chosen to facilitate a detailed

investigation of variations in land cover and vegetation throughout the study.
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2.2.1 Data Pre-Processing

Landsat 8 imagery was pre-processed to ensure data integrity and facilitate accurate environmental

analysis. �e initial step involved aggregating Bands 1 through 7 into a single composite layer in ArcGIS,

followed by raster data clipping to focus on the Shah Alam and Putrajaya study areas. �is pre-processing

supported the analysis of key environmental indicators, including the NDVI, Fractional Vegetation Cover

(FVC), and LST. For land cover classi�cation, Bands 4 (red) and 5 (near-infrared) were utilized, and the

Maximum Likelihood classi�cation algorithm was employed for its robustness in di�erentiating land cover

types based on spectral characteristics. Validation was performed using the K-means clusteringmethod with

a random sampling of 50 points, achieving a classi�cation accuracy of 85%.

2.2.2 Extracting Green Spaces from Land Use Data

�e “Select by Attribute” tool was used to select open spaces, recreational areas, and forest areas from

land-use statistics. Highlighting the distribution of open spaces and forested areas within the dataset, the

resulting layer is shown by blue polygons as shown in Fig. 3.

Figure 3: Green spaces selection from land use data

2.2.3 Normalized Di�erence Vegetation Index (NDVI) Fractional Vegetation Cover (FVC) Calculation

In remote sensing, NDVI is a commonly used index that provides valuable insights into vegetation

density and health by analyzing changes in the near-infrared and red spectral bands, as shown in Eq. (1).�is

formula utilizes the contrast between the near-infrared and red bands to generate a normalized index that is

particularly sensitive to the greenness and health of vegetation.

NDVI =
NIR − Red

NIR + Red
(1)
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FVC was calculated to enhance the assessment of soil and vegetation variations. As shown in Eq. (2),

the di�erences in NDVI values for soil and vegetation were calculated to acquire the FVC value.

FVC =
NDVI − NDVIsoi l

NDVIsoi l + NDVIsoi l
(2)

Integrating these indices enhances the description of vegetation cover, health, and distribution patterns

within the research area. NDVI and FVC together o�er a multi-dimensional perspective of the vegetative

landscape, fostering a more nuanced understanding of the environmental dynamics under study.

2.2.4 Land Surface Temperature (LST)

LST provides insight into the surface temperature of the Earth and its �uctuations within the study

region. �is study calculates LST using the Split-windows algorithm (SWA) approach with FVC, where this

method estimates LST from thermal infrared (TIR) value [19]. �e procedure consists of the following main

stages:

i. Conversion to Top of Atmosphere (TOA) Radiance:

�e �rst stage involves converting the digital numbers from the thermal infrared band into TOA

radiance as shown in Eq. (3). When converting raw digital numbers to TOA radiance, the Multiplicative

Level (ML) functions as the gain factor, the Calibrated Digital Number (Qcal) represents the adjusted digital

value, and the Additive Level (AL) serves as the o�set constant to ensure accuracy.

Lλ = ML ∗ Qcal + AL (3)

ii. Conversion to TOA Brightness Temperature (BT):

�en convert TOA radiance to TOA BT. Using Eq. (4), this step is crucial for removing atmospheric

e�ects and obtaining temperature values closer to the Earth’s surface.

BT = (1321.0789/ ln(774.8853/ToA + 1)) − 273.15 (4)

iii. Land Surface Emissivity (LSE):

�e LSE explains the e�ciency of Earth’s surface in radiating thermal energy.�is is important because

various surfaces display di�erent emissivity properties. Using Eq. (5), emissivity is incorporated into the

calculation to enhance the accuracy of temperature estimation.

PV = [(NDVI − NDVImin)/(NDVImax + NDVImin)]2

E = 0.004 ∗ PV + 0.986 (5)

iv. Final LST Calculation:

�e �nal stage involves the LST computation using Eq. (6). Applying the modi�ed emissivity to the

TOA brightness temperature helps to fully depict the surface temperature of the Earth over the study area.

LST = (BT/1) +W ∗ (BT/14380) ∗ In(E) (6)

�ese sequential steps collectively facilitate the precise estimation of LST, enabling a clearer under-

standing of temperature �uctuations and their relationship with factors such as vegetation cover within the

studied region.
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3 Results

3.1 Green Spaces Extracted from Land Use Data

Fig. 4 shows the distribution of green spaces extracted from land use data obtained fromPLANMalaysia

for the year 2023, with (a) illustrating the green spaces distribution of ShahAlam and (b) displaying the green

area distribution for Putrajaya.

Figure 4: Green area extracted from land use data for (a) Shah Alam, (b) Putrajaya

In Shah Alam, the forest category stands out as the largest green area, particularly within the reserve

forest adjacent to Botanic Park Shah Alam, covering 3414.32 ha or 11.16% of the total area. Conversely,

agriculture represents the lowest land use, accounting for 795.86 ha or 2.60%.�e total green area, including

forests, agriculture, open spaces, and recreational areas, amounts to 5560.53 ha, which is 18.18% of the total

land area.

In Putrajaya, the total area of green spaces, including open areas and recreational zones, covers

1311.09 ha, representing 26.58% of the overall land area.�e largest green spaces are located in Taman Botani

and Taman Putra Perdana, highlighting the city’s dedication to conserving substantial green spaces amid

various development activities.

3.2 Green Spaces Derived from NDVI

NDVI has been classi�ed into two (2) categories. �e basis for the breakpoints is established on

traditional methods of vegetation classi�cation as de�ned by [20]. AnNDVI value of more than 0.5 indicates

a healthy, dense forest area, while a value between 0.3 and 0.5 represents moderate vegetation, such as parks
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and grasslands. �is classi�cation provides a clear separation between moderately vegetated and densely

vegetated surfaces, enabling amore precise interpretation of green cover. Fig. 5 illustrates that the total green

area in Shah Alam in 2014 was 28.47%, which decreased to 26.08% in 2023, with fragmentation observable

in the top-right section of the 2023 map.

Figure 5: Green area of Shah Alam derived from NDVI for (a) Year 2014, (b) Year 2023

As illustrated in Fig. 6, this study reveals that the total green area in Putrajaya in 2014 constituted 21.57%

of the region. Moving to 2023, the focus shi�s to Putrajaya’s green spaces using a comprehensive dataset

derived from Landsat 8 satellite imagery. It’s essential to note that the initial assessment for 2023 revealed an

increase in the total coverage of green areas to 36.36%.�e results also showed that dense vegetation with an

NDVI value of more than 0.5 was mapped in Putrajaya in 2014, but the NDVI value decreased to less than

0.5 by 2023.
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Figure 6: Green area of Putrajaya derived from NDVI for (a) Year 2014, (b) Year 2023

3.3 Land Surface Temperature Map

LST maps for Shah Alam in 2014 and 2023 are shown in Fig. 7a. �e �ndings revealed that the

lowest temperature recorded was 22○C, and the highest temperature in 2014 was 32○C. �is temperature

range helps to understand the thermal �uctuations Shah Alam experienced in 2014. In 2023, the recorded

minimum temperature was 25○C, and the peak temperature reached 33○C. �ese temperature readings

illustrate the range of temperatures Shah Alam experienced in that year, providing insight into the thermal

environment there.

�e LST maps for Putrajaya in 2014 and 2023 are shown in Fig. 8a,b, respectively. �e recorded

temperatures ranged from aminimum of 24○C to a maximum of 33○C in both years.�ese temperature data

o�er an overview of the thermal conditions in Putrajaya during the respective years, highlighting the range

of temperatures observed in the area.
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Figure 7: Land surface temperature of Shah Alam for (a) Year 2014, (b) Year 2023

Comparatively, between Shah Alam and Putrajaya from 2014 to 2023, LST reveals distinct temperature

patterns in both regions. In Shah Alam, the LST ranged from 22○C to 32○C in 2014, while in 2023, it slightly

changed to between 25○C and 33○C. Conversely, Putrajaya exhibited a larger temperature range in 2014,

ranging from 24○C to 33○C, and maintained this range in 2023. �ese �ndings imply di�erent temperature

dynamics between the two sites, with Shah Alam experiencing a wider temperature variation over the years.

In�uenced by urbanization, land use, and environmental changes, the recorded temperatures re�ect the

climatic conditions of each region. Understanding these temperature variations can aid in implementing

sensible urban design and environmental management strategies in Shah Alam and Putrajaya.
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Figure 8: Land surface temperature of Putrajaya for (a) Year 2014, (b) Year 2023

In Fig. 9, the correlation between NDVI and LST in Shah Alam, as determined by linear regression,

reveals an inverse relationship. �e scatter plot indicates a moderate relationship between NDVI and LST,

with an R2 value of 0.50.�e data suggests that as NDVI values, which represent vegetation density, increase,

temperatures decrease. For example, when the NDVI value is 0.1, the temperature is approximately 32○C,

whereas a higher NDVI value of 0.4 corresponds to a lower temperature of 22○C. �is correlation implies a

cooling e�ect associated with increased vegetation density in Shah Alam.
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�e R2 value of 0.50 indicates that approximately 50% of the variation in LST can be attributed to the

variation in NDVI. Additionally, the standard deviations of 0.11 for NDVI and 0.50 for LST provide insight

into the variation of the respective datasets. Overall, these results emphasize the impact of green areas on

local temperatures in Shah Alam.

In Fig. 10, the correlation between NDVI and LST in Putrajaya is presented. �e data suggests that

as NDVI values increase, signifying a higher presence of green spaces, there is a corresponding decrease

in temperatures. For example, at an NDVI value of 0.1, the temperature is recorded at 33○C, while a

slightly lower temperature of 24○C is associated with an NDVI value of 0.4. �is correlation highlights

the relationship between increased vegetation density, represented by higher NDVI values, and reduced

temperatures, emphasizing the cooling e�ect of green spaces in Putrajaya.
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Figure 10: Correlation between NDVI and LST in Putrajaya

�e statistical parameters obtained from the analysis o�er further insights into this correlation. �e

R2 value of 0.35 suggests that around 35% of the variability in LST can be attributed to the variability in

NDVI, indicating a moderate correlation comparable to that observed in the Shah Alam region. Overall,

these �ndings shed light on the complex relationship between vegetation density and temperature dynamics

in Putrajaya, thereby enhancing our understanding of the local environmental conditions and the role of

UGS in in�uencing the LST.

3.4 Comparison of Green Spaces Derived from Land Use and Landsat 8 Imagery

Green spaces in Shah Alam and Putrajaya, extracted from land use data obtained from PLANMalaysia

and NDVI derived from Landsat 8, are notably shown in Table 1.

Table 1: Comparison between the green area extracted from land use and Landsat 8 data

Location/Data Land use data Landsat 8 Comparison

Area (ha) Percentage (%) Area (ha) Percentage (%) Area (ha) Percentage (%)

Shah Alam 5560.53 18.18% 7975.80 26.08% 2415.27 7.90

Putrajaya 1311.09 26.58% 1793.51 36.36 482.42 9.78

In Shah Alam, extracted green spaces from land use data account for an area of 5560.53 ha, constituting

18.18% of the total area. In comparison, green spaces extracted fromLandsat 8 imagery indicate a larger green

coverage of 7975.80 ha, accounting for 26.08%. �is di�erence in area amounts to 2415.27 ha, representing

a percentage discrepancy of 7.90%. Similarly, in Putrajaya, green spaces extracted from land use data report
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a total of 1311.09 ha (26.58%), whereas green spaces from Landsat 8 imagery depict a more extensive green

cover of 1793.51 ha (36.36%). �e area variance in Putrajaya is 482.42 ha, corresponding to a percentage

discrepancy of 9.78%. �e dissimilarity in data arises from the di�erent methodologies used for data

collection and classi�cation. Land use data obtained from PLANMalaysia derives from land titles, providing

detailed insights into land use, while Landsat 8 imagery o�ers a broader perspective on land cover based on

spectral analysis.

3.5 Discussion

�e �ndings of this study reveal subtle shi�s in land use and land cover in Shah Alam and Putrajaya

over the examined period, o�ering a comprehensive understanding of the changing landscapes. �e NDVI

analyses show variations in vegetation health and distribution, emphasizing the need for ongoingmonitoring

tomaintain ecological resilience. Speci�cally, theNDVI values for ShahAlam ranged from0.35 to 0.50 in 2014

and slightly declined to 0.32 to 0.48 in 2023, indicating changes in vegetation density. Conversely, Putrajaya

exhibited a more stable NDVI range, �uctuating from 0.40 to 0.52 in 2014 to 0.39 to 0.51 in 2023.

�e LST analysis reveals signi�cant temperature variations, with Shah Alam experiencing an apparent

increase over the years. In 2014, the LST ranged from22○C to 32○C, rising to 25○C to 33○C in 2023. Conversely,

Putrajaya exhibited a relatively stable LST, �uctuating between 24○C and 33○C in both 2014 and 2023. �e

correlation analysis between NDVI and LST highlights the in�uential role of vegetation in reducing urban

temperature �uctuations. �e correlation coe�cients for Shah Alam and Putrajaya indicate a moderate

relationship between NDVI and LST.�e �ndings align with previous studies, which suggest that UGS alone

does not have a predominant impact on increasing LST. Instead, the increase in LST is also a�ected by

various landscape factors such as built-up areas. Nonetheless, incorporating green spaces remains a valuable

approach to mitigating UHI e�ects and improving livability.

4 Conclusion

�e e�ect of urban green spaces on LST in Shah Alam and Putrajaya has been thoroughly examined in

this study. It o�ers new insights into the spatial dynamics of green spaces and their cooling e�ects on urban

temperatures through the integration of remote sensing and GIS. �e results provide a comprehensive view

of the changes in the surroundings, revealing minor alterations in land cover and land use in Shah Alam

and Putrajaya over the period studied. �e NDVI analyses highlight changes in vegetation condition and

distribution, emphasizing the need for ongoing observation to ensure ecological resilience. Speci�cally, for

Shah Alam, the NDVI values suggest a slight decline in vegetation density, while Putrajaya exhibited more

stable NDVI levels.

�e relationship between NDVI and LST illustrates how greener surroundings help mitigate urban

temperature variations. �e numerical results highlight the dynamic environmental changes, supporting

the need for adaptive strategies to address the various issues caused by urbanization in Shah Alam and

Putrajaya.Higher spatial resolution data and ground-basedmeasurementswill enable future studies to re�ect

the bene�ts of green spaces accurately.�is work contributes to the broader discussion on sustainable urban

development and climate resilience by enhancing the understanding of the interaction between urban green

spaces and land surface temperature.
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