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Abstract

Rapid urbanization and land use transformation are major agents of rising carbon dioxide (CO:)
emissions, which compromise natural carbon sinks and exacerbate climate concerns. Selangor,
Malaysia's most urbanized and industrialized state, is the prime example, whereby population growth,
industrialization, and deforestation fuel emissions while reducing biomass storage. This study employs
remote sensing and Geographic Information Systems (GIS) to map and quantify CO: emissions across
Selangor for 2015 and 2025 using Landsat 8 Operational Land Imager (OLI) data. Land cover and
land use (LULC) were derived through supervised classification, with the aid of Normalized Difference
Vegetation Index (NDVI) in helping with Above Ground Biomass (AGB), carbon stock, and emission
level estimation. Findings show extensive land cover alterations, where urban land cover expanded
from 38% to 42% between 2015 and 2025, while forest cover reduced from 32% to 28%. High NDVI
areas (>0.6) reduced from 27% to 23%, as well as high AGB (>100 t/ha) from 24% to 20% and carbon
stock (>24 t C/ha) from 25% to 20%. Concurrently, high-emission zones (>100 tCO>/ha) expanded
Jfrom 22% to 28%, and carbon sequestering zones (<0 tCO:/ha) declined from 15% to 12%, particularly
in Hulu Selangor and Sabak Bernam. This indicates a net reduction in carbon sequestration capacity,
raising doubt as to whether Selangor is likely to achieve its Low Carbon City 2030 target. The
integration of remote sensing and GIS is effective in monitoring spatial carbon dynamics and provides
actionable information for interventions such as urban greening, sustainable land use, and forest
conservation, directly aiding Malaysia's efforts for SDG 11 and SDG 13.

Keywords: Carbon Emission, Carbon dioxide (CO:), Remote sensing, GIS , Low Carbon *

Introduction

Climate change has emerged as one of the most critical challenges facing humanity in the
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21st century. Among the various greenhouse gases (GHGs), carbon dioxide (CO:) remains
the most significant contributor to global warming (Habib & Al-Ghamdi, 2021) accounting
for more than three-quarters of total emissions worldwide (Olivier, 2020). Rapid
urbanization, industrial activity, and land use changes accelerate CO: emissions, especially
in developing regions experiencing fast-paced economic growth. If left unchecked, these
emissions will intensify global warming, environmental degradation, and threaten

sustainable development.

In Malaysia, Selangor represents a major focal point in the country’s carbon footprint (Unit
Perancang Ekonomi Negeri (UPEN) Selangor, 2022). Located on the west coast of
Peninsular Malaysia, it is the most urbanized and economically active state, hosting major
industrial hubs such as Shah Alam, Klang, Petaling Jaya, and Sepang. Rapid expansion of
built-up areas (Mohd Zaini et al., 20205 Ribeiro et al., 2016) coupled with deforestation (Li
et al., 2022; Habib & Al-Ghamdi, 2021) and transportation growth (Mohd Shafie &
Mahmud, 2020), contributes substantially to the state’s CO2 emissions (International Energy
Agency, 2025). According by (Global Forest Watch, 2023), reports indicate that Selangor’s
forests alone have emitted an average of 3.13 million tonnes CO:e annually between 2001
and 2023 due to land conversion and forest loss. This trend underscores the urgent need for
efficient monitoring and mitigation strategies, particularly as the state has committed to

reducing its carbon footprint under the Selangor Low Carbon City 2030 Challenge.

Conventional ground-based carbon assessments, such as forest inventory plots and biomass
surveys, are accurate but constrained in scalability. They require significant manpower, are
costly, and are limited to localized sites, making them impractical for regional or state-level
monitoring . In contrast, remote sensing provides wide spatial coverage, repeatable
observations, and cost-effective means to estimate vegetation health and biomass (Othman
et al., 2018) . When combined with Geographic Information Systems (GIS), remote sensing
facilitates spatial mapping and analysis of carbon stock and CO: emissions, offering

valuable insights for decision-makers (Agus et al., 2013).

This study ware applies remote sensing and GIS to compare Selangor’s carbon dynamics
over a ten-year period (2015-2025). By integrating land use and land cover (LULC)
classification, Normalized Difference Vegetation Index (NDVI)-derived biomass

estimation, and carbon stock and emission calculations, the research provides spatially
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explicit evidence of how urbanization has reshaped Selangor’s carbon balance. The results
highlight the expansion of urban emission hotspots and the contraction of forest-based
carbon sinks, raising important implications for the state’s Low Carbon City 2030 agenda.
Specifically, this study pursues three objectives: (1) To classify land use and land cover
(LULC) using supervised classification, (2) To estimate Above Ground Biomass (AGB),
carbon stock, and CO: emissions using NDVI-derived values; and (3) To map and compare
emission levels across Selangor for 2015 and 2025, providing a temporal perspective to

support low-carbon planning.

Literature Review

a. Carbon Emissions and Climate Change

Carbon dioxide (COz) is the most dominant greenhouse gas contributing to climate change,
with concentrations increasing rapidly due to human activities (International Energy
Agency, 2025) (Khosravi, Raihan, Islam, Nimbarte, & Ahmed, 2025) such as fossil fuel
combustion (Yaacob, Mat Yazid, Abdul Maulud, & Abdul Basri, 2023), deforestation
(Panja, 2021), and urbanization (Chen et al., 2022)(Qiao, Xie, Liu, & Huang, 2025) (Ma &
Ogata, 2024). Urban areas are particularly significant, accounting for more than 70% of
global energy-related CO: emissions (Lugman, Rayner, & Gurney, 2023). The rise in
emissions has disrupted natural carbon cycles, leading to global warming, sea level rise, and
extreme weather events. Developing regions, including Southeast Asia, face the dual
challenge of sustaining economic growth while mitigating emissions. Consequently,
accurate monitoring and quantification of CO: emissions are essential for designing

effective mitigation policies and achieving global climate goals.

b. Land Use and Land Cover (LULC) Change and Carbon Dynamics

Changes in land use and land cover directly influence carbon fluxes by altering vegetation
cover and biomass density. Deforestation, agricultural expansion, and urban development
are primary contributors to emissions (Houghton & Castanho, 2023) . Forests act as critical
carbon sinks; however, their conversion releases large amounts of CO: into the atmosphere.
In Southeast Asia, large-scale land conversion for plantations and urban development has
significantly reduced carbon storage (Miettinen, Shi, & Liew, 2011). In Malaysia, Selangor
has undergone rapid urbanization, resulting in substantial green cover loss (Hashim,
Rodhan, & Abbas, 2020). Longitudinal monitoring of LULC is thus necessary for tracking

carbon balance changes. Understanding LULC patterns is thus fundamental for assessing
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carbon dynamics and identifying emission hotspots.

c. NDVI

The Normalized Difference Vegetation Index (NDVI) is widely recognized as a reliable
indicator of vegetation health and density. Calculated from the spectral difference between
near-infrared (NIR) and red bands, NDVI reflects photosynthetic activity (Tucker, 1979).
Higher NDVI values indicate dense, healthy vegetation, while lower values represent sparse
vegetation, bare soil, or urban surfaces. NDVI has been successfully applied in tropical
regions to assess vegetation conditions and estimate carbon sequestration potential
(Wishnuputri et.al, 2024). According by (Sheikhi & Kanniah, 2018) (A. P. P. Hartoyo et
al., 2022) , confirmed NDVTI’s effectiveness in capturing vegetation variability across
urban—rural landscapes making it particularly valuable for monitoring urbanization impacts

on vegetation cover in Selangor.

d. Above Ground Biomass (AGB)

Above Ground Biomass (AGB) represents the total dry mass of vegetation above the soil
surface and serves as a direct indicator of carbon storage. AGB plays a crucial role in climate
regulation, particularly in tropical forests, which contain some of the highest biomass
densities globally (Saatchi et al., 2011). Traditional field-based AGB estimation is accurate
but labor-intensive and limited in spatial coverage. Remote sensing provides a scalable
alternative, with NDVI-based regression models commonly applied to estimate biomass
across diverse landscapes (Malik, et al., 2022). Urban and agricultural areas typically
register lower AGB due to vegetation removal, underscoring the importance of land cover

in determining biomass distribution and carbon storage (Gibbs, et al., 2007).

e. Carbon Stock and Emission

Carbon stock refers to the amount of carbon stored in biomass, while emissions represent
the release of CO2 when biomass is lost through deforestation, land degradation, or land-use
change. The Intergovernmental Panel on Climate Change (De Klein, 2006) recommends
using 0.47 of AGB as the conversion factor to estimate carbon stock, which is then
multiplied by 3.67 to obtain CO: equivalents. Numerous studies have applied this
framework globally (Gibbs et al., 2007). In Malaysia, forests and peatlands are recognized
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as major carbon sinks (Saatchi et al., 2011) , yet they are under threat from urban expansion
and plantation development. Conversely, urban landscapes tend to act as emission sources,
reflecting their reduced sequestration capacity (Mustapha & Kurt, 2021) . A clear
understanding of carbon stock and emissions at local scales is therefore critical for effective

low-carbon planning.

f. Remote Sensing and GIS in Carbon Monitoring

Remote sensing and GIS have become indispensable for carbon monitoring due to their
ability to capture large-scale, consistent, and repeatable data. Vegetation indices such as
NDVI derived from Landsat, MODIS, or Sentinel imagery are widely used to estimate
biomass and carbon dynamics (Tucker, 1979) . GIS enables integration and spatial analysis,
facilitating the identification of emission hotspots and carbon sinks (Phong, et al., 2021). In
Malaysia, most carbon mapping studies have focused on forest ecosystems and peatlands
(Miettinen et al., 2011). However, localized assessments in urban and sub-urban regions
such as Selangor remain limited, despite these being critical contributors to the state and
national carbon footprint. By applying remote sensing and GIS techniques in such areas,
researchers can generate spatially explicit evidence to guide sustainable land-use planning

and low-carbon development strategies.

Methodology

a. Study Area

This study was conducted in Selangor, which is situated on the west coast of Peninsular
Malaysia at approximately 3.0738° N latitude and 101.5183° E longitude. Selangor is the
most urbanized and industrialized state in Malaysia and has the highest population density
nationwide. It encompasses major urban centers such as Shah Alam, Petaling Jaya, Klang,
and Sepang, which together form the core of the Klang Valley conurbation. These areas are
the principal drivers of the state’s economic growth but also represent major sources of
carbon emissions due to rapid urban expansion, industrial activity, and extensive

transportation networks.

In contrast, the northern and coastal districts, including Hulu Selangor, Kuala Selangor, and
Sabak Bernam, retain large tracts of secondary and mangrove forests as well as agricultural

land (Najwa, et.al, 2019). These landscapes play a crucial role in regulating the state’s
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carbon balance by acting as significant carbon sinks. However, forest conversion and land-
use change have placed increasing pressure on these natural ecosystems.

According to Global Forest Watch (2001-2023), Selangor recorded an average annual
emission of 3.13 million tonnes of CO:e from forests, with a net emission of approximately
541,000 tonnes CO-e per year due to land conversion. As both a hub of industrial activity
and a hotspot for transportation-related emissions, Selangor contributes substantially to

Malaysia’s overall carbon footprint.

Given its dual role as a center of economic growth and a region of high emissions, Selangor
represents an ideal case study for assessing the impacts of land-use change on carbon
dynamics. Furthermore, it provides a critical context for evaluating strategies aligned with
the Selangor Low Carbon City 2030 Challenge, which seeks to reduce emissions while

promoting sustainable urban development.
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Figure 1: Location of the study area in Selangor, Malaysia.
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b. Data Acquisition
This study utilized Landsat 8 Operational Land Imager (OLI) imagery as the primary
dataset, which was downloaded from the United States Geological Survey (USGS) Earth

Explorer portal (https://earthexplorer.usgs.gov/). Two datasets were selected, representing

the years 2015 and 2025, in order to capture temporal changes in land use, vegetation cover,
and carbon dynamics across Selangor. Landsat 8 provides a 30-meter spatial resolution with
11 multispectral bands and a 16-day revisit cycle, making it highly suitable for large-scale

land use, vegetation monitoring, and carbon assessment (Jeppesen et al., 2019).

The datasets included key spectral bands required for vegetation analysis, particularly Band
5 (Near-Infrared, NIR) and Band 4 (Red), which were used to calculate the Normalized
Difference Vegetation Index (NDVI) (H. Hartoyo, et.al, 2022) . The dataset imagery were
selected with minimize cloud cover (Sheikhi & Kanniah, 2018), and atmospheric
interference, ensuring consistency and reliability of spectral reflectance values (Malik et al.,
2022). All geospatial datasets were standardized to the World Geodetic System 1984 (WGS
84) coordinate reference system. Preprocessing steps, including radiometric calibration and
atmospheric correction, were performed using ERDAS IMAGINE 2014, ensuring
consistency in spectral reflectance values. Subsequently, spatial analysis, supervised
classification, and thematic mapping were conducted in ArcGIS Pro. These datasets and
preprocessing procedures established the foundation for accurate land use and land cover
(LULC) classification, aboveground biomass estimation, and spatial CO2 emission mapping

across Selangor.

c. Method:
i. Land Use and Land Cover (LULC) Classification
A supervised classification technique was employed to delineate the major land use and
land cover (LULC) categories from Landsat 8 imagery. The classification process was
performed using ERDAS IMAGINE 2014, where representative training samples were
systematically selected to reflect the spectral characteristics of the landscape. Five
dominant classes were identified: urban/built-up areas, vegetation, forest, bare soil, and
water bodies. The classification results established a crucial baseline for subsequent
analyses, particularly in quantifying vegetation cover, assessing spatial patterns of

urban expansion, and estimating carbon stock. Then, classified outputs were
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ii.

il

subsequently mapped and processed using ArcGIS Pro to produce comprehensive

LULC maps.

Normalized Difference Vegetation Index (NDVI) Calculation

The Normalized Difference Vegetation Index (NDVI) was employed to quantify the
health and density of vegetation in the study area. NDVI is a widely used spectral index
that exploits the contrasting reflectance characteristics of vegetation in the red and near-
infrared (NIR) regions of the electromagnetic spectrum (Alemohammad, et.al., 2018).
Healthy vegetation absorbs most of the red light (for photosynthesis) while strongly
reflecting NIR radiation, making NDVTI an effective indicator of vegetation density and
greenness (Sima & Bioresita, 2024) . NDVI was calculated using the following
equation (Wishnuputri et al., 2024 ; Malik et al., 2022) :

NIR — RED

NDVI = e T RED

where NIR is the Near Infrared Band, RED is the red band. The NIR and RED represent
reflectance values of Band 5 and Band 4 of Landsat 8 were utilized. The index produces
values ranging from —1.0 to +1.0 (Sima & Bioresita, 2024; Wishnuputri, et.al., 2024).
Negative values typically represent water bodies due to their high absorption in both
spectral bands, values close to zero correspond to bare soil or non-vegetated surfaces,
while higher positive values indicate dense and healthy green vegetation. (Legesse,
et.al.,, 2024; Hartoyo et al., 2022). This differentiation allows for effective spatial
assessment of vegetation cover, which is critical for estimating aboveground biomass

and carbon sequestration potential.

Above Ground Biomass (AGB) Estimation

Above Ground Biomass (AGB) represents the total mass of living vegetation
(greenness) above the soil surface and serves as a direct indicator of carbon storage
potential within an ecosystem. In this study, AGB was estimated using a remote
sensing—based empirical model that relates vegetation greenness, as expressed by the
Normalized Difference Vegetation Index (NDVI), to biomass density. AGB values

were derived using the following regression equation :

ABG =a X NDVI+b
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iv.

To

ABG =194 X NDVI — 36.5

AGB values were expressed in tonnes per hectare (t/ha). where NDVI is the vegetation
index calculated from Landsat 8 imagery. The generated AGB layer provides spatially
explicit information on vegetation biomass across Selangor, enabling a detailed
assessment of carbon stock distribution. High AGB values were typically associated
with dense forested areas, whereas low values were concentrated in urban and bare land
zones (Dahy, et.al., 2020) . These outputs formed the basis for subsequent conversion

of biomass into carbon stock and CO- emission estimates.

Carbon Stock Calculation

The carbon stock represents the amount of carbon stored in vegetation biomass and is
a critical parameter for assessing the role of terrestrial ecosystems in mitigating climate
change (Legesse et al., 2024; Raihan, et al., 2021) . Once Above Ground Biomass
(AGB) was estimated, the corresponding carbon stock was derived using the default
carbon fraction recommended by the Intergovernmental Panel on Climate Change
(IPCC), which assumes that approximately 0.47 of dry biomass consists of carbon
(Legesse et al., 2024; Sima & Bioresita, 2024). The formula used was (Legesse et al.,
2024):

C =AGB x0.47

The resulting values represent the amount of carbon stored in vegetation per hectare.
where C is the carbon stock (t C/ha) and AGB is the aboveground biomass (t/ha). This
approach provides a practical and widely accepted means of estimating vegetation
carbon storage, particularly when detailed field-based allometric equations are
unavailable. Higher carbon stock values were generally observed in forested and
densely vegetated regions (Dahy et al., 2020; Legesse et al., 2024) while urbanized and
bare soil areas exhibited minimal carbon storage capacity. The carbon stock layer
generated from this analysis served as an essential input for the subsequent conversion
to carbon dioxide (CO:) equivalents, allowing for spatial quantification of emission and

sequestration potentials across Selangor.
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vi.

CO: Emission Estimation

The final step in the analytical framework involved converting estimated carbon stock
values into their equivalent carbon dioxide (CO:) emissions. This conversion provides
a direct measure of the contribution of different land use and land cover (LULC) types
to greenhouse gas dynamics and climate change (Agus et al., 2013). The estimation
followed the molecular weight ratio between carbon and carbon dioxide, where one unit
of carbon corresponds to 3.67 units of CO: (De Klein, 2006). The estimation was

computed as:

C0? = C x3.67

where COs: is the carbon dioxide equivalent (t COz/ha) and C is the carbon stock (t
C/ha). This step enabled the quantification of spatially explicit CO2 emissions across
Selangor. Areas dominated by dense vegetation and forest showed high carbon
sequestration potential (negative or low emissions), whereas urban/built-up zones and

bare soils contributed to elevated emission levels due to minimal carbon storage.

Spatial Categorization of Emission Zones

To facilitate spatial interpretation and policy relevance, the estimated CO. emission
values were categorized into four distinct emission zones. This classification allowed
for clear differentiation between areas of high emissions, moderate emissions, low

emissions, and zones demonstrating net carbon absorption.

Table 1: Spatial categorization of CO2 emission zones

No. Categories Zones Thresholds
1. High Emission: >100 tCO2/ha
2. Moderate Emission 30-100 tCO2/ha
3. Low Emission: <30 tCO2/ha
4. Carbon Absorption: <0 tCO2/ha

The CO: emission maps provided a comprehensive overview of emission hotspots and
sequestration zones, serving as a valuable tool for policymakers in prioritizing low-
carbon urban development strategies and green infrastructure planning. This

categorization enabled the identification of emission hotspots, transitional areas, low-
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emission zones, and carbon sinks, providing a comprehensive spatial overview for

decision-makers.

Results and Discussion

a. Land Use and Land Cover (LULC) Map

Figures la and 1b illustrate the LULC distribution of Selangor for 2015 and 2025, classified
into five categories: urban/built-up, forest, vegetation/agriculture, bare soil, and water
bodies. The comparison reveals significant land cover transformation over the decade. In
2015, forested areas accounted for approximately 32% of Selangor’s land cover,
concentrated in Hulu Selangor, northern Kuala Selangor, and Sabak Bernam. By 2025,
forest cover declined to around 28%, primarily due to conversion into urban and sub-urban
land uses. Similarly, vegetation and agricultural lands decreased from 24% in 2015 to about

20% in 2025, reflecting the intensification of urban and infrastructure development.

Urban/built-up areas expanded markedly, rising from 38% of land area in 2015 to 42% in
2025, with growth concentrated in the Klang Valley conurbation encompassing Shah Alam,
Klang, Petaling Jaya, Gombak, and Sepang. Bare soil also increased slightly (from ~5% to
6%), corresponding to construction sites and newly cleared lands. Water bodies remained

relatively stable (~4%), distributed along rivers, reservoirs, and coastal regions.

These results confirm Selangor’s approach as Malaysia’s most urbanized and industrialized
state, where land use change is driven by rapid population growth, economic development,
and infrastructure expansion. (Hashim et al., 2020) similarly reported that urban expansion
in Selangor has led to significant reductions in natural vegetation and agricultural lands,
directly impacting ecosystem services. At the global scale, (Seto, Glineralp, & Hutyra,
2012) found that urban expansion in Asian megacities is a major driver of land conversion
and greenhouse gas emissions, while (Phong et al., 2021) observed comparable patterns of

vegetation loss from urban sprawl in rapidly developing Southeast Asian cities.
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Figure 2: Land Use and Land Cover (LULC) maps of Selangor in 2015 (a) and 2025 (b).

b. Normalized Difference Vegetation Index (NDVI) Map

Figures 2a and 2b illustrate the spatial distribution of the Normalized Difference Vegetation
Index (NDVI) across Selangor for the years 2015 and 2025. In 2015, the map shows that
high NDVI values (>0.6), indicating dense and healthy vegetation, were concentrated in the
northern and coastal districts, particularly Hulu Selangor, Sabak Bernam, and Kuala
Selangor. These areas are dominated by forest reserves, mangroves, and agricultural
plantations, which contribute significantly to biomass and carbon storage. Moderate NDVI
values (0.4-0.6) were observed in Hulu Langat, Gombak, and Kuala Langat, reflecting a
mix of vegetation, secondary forests, and semi-urban landscapes. In contrast, low NDVI
values (<0.2) were widespread in Shah Alam, Klang, Petaling Jaya, and Sepang, where
built-up areas, industrial zones, and infrastructure development dominate the land cover.
This pattern reflects the state’s urban-rural gradient, with vegetation concentrated at the

peripheries and urban centers acting as hotspots of vegetation loss.

Page | 12



";he 46" Asian Conf

The NDVI distribution in 2025 demonstrates notable changes. High NDVI zones (>0.6)
have declined, shrinking from 27% in 2015 to 23% in 2025, while low NDVI zones (<0.2)
expanded from 28% to 32%. The losses are most apparent in sub-urban districts such as
Hulu Langat, Gombak, and Kuala Langat, where agricultural and forested lands are
increasingly replaced by residential and commercial developments. Although Hulu Selangor
and Sabak Bernam continue to retain relatively high NDVI values, small areas of decline
indicate pressures from land conversion and agricultural intensification. The continued
dominance of low NDVI values in Shah Alam, Klang, and Sepang underscores the

persistence of urban vegetation stress in the Klang Valley conurbation.

Normalized Difference Vegetation Index (NDVI)
in Selangor 2015

Normalized Difference Vegetation Index (NDVI)
in Selangor 2025
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Figure 3: Normalized Difference Vegetation Index (NDVI) maps of Selangor in
2015 (a) and 2025 (b).

c. Above Ground Biomass (AGB) Map

Figures 3a and 3b show the spatial distribution of Above Ground Biomass (AGB) in
Selangor for the years 2015 and 2025. In 2015, high AGB values (>100 t/ha), representing
dense tropical forests and major carbon storage zones, were concentrated in the northern and
coastal districts, particularly Hulu Selangor, Sabak Bernam, and Kuala Selangor. These
areas are dominated by mature forests and plantations that store significant amounts of
biomass. Moderate AGB zones (30100 t/ha) were observed in Hulu Langat, Kuala Langat,

and Gombak, where land cover consists mainly of secondary forests and mixed agricultural
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systems. In contrast, urban centers such as Shah Alam, Klang, and Sepang exhibited low
AGB (<30 t/ha), consistent with built-up environments and limited vegetation cover.

By 2025, the spatial pattern of AGB reveals a noticeable reduction in high biomass areas.
High AGB zones (>100 t/ha) declined from 24% in 2015 to 20% in 2025, while low biomass
areas (<30 t/ha) expanded from 33% to 38%. The decline is particularly evident in sub-urban
areas such as Gombak, Hulu Langat, and Kuala Langat, where agricultural and forested land
has increasingly been converted into residential, commercial, and infrastructural
developments. Although Hulu Selangor and Sabak Bernam remain biomass-rich, local

declines highlight pressures from both urban expansion and agricultural intensification.

Above Ground Biomass (AGB) Above Ground Biomass (AGB)
Selangor 2015 . Selangor 2025
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Figure 4: Above Ground Biomass (AGB) maps of Selangor in 2015 (a) and 2025 (b).

d. Carbon Stock Map

Figures 4a and 4b illustrate the spatial distribution of carbon stock in Selangor for the years
2015 and 2025. In 2015, high carbon stock values (>61 t C/ha), which represent mature
tropical forests with strong sequestration capacity, were mainly concentrated in Hulu
Selangor, Sabak Bernam, and parts of Kuala Selangor. These districts contained extensive
forest reserves, mangroves, and agricultural landscapes that contributed significantly to the
state’s carbon storage. Moderate carbon stock values (30-60 t C/ha) were more widespread

in Hulu Langat, Gombak, and Kuala Langat, reflecting areas of secondary forest and mixed
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agriculture. In contrast, urban centers such as Shah Alam, Klang, and Sepang were
dominated by low carbon stock values (<10 t C/ha), consistent with built-up areas where
vegetation cover is minimal.

By 2025, the distribution shows a noticeable decline in high carbon stock areas. Regions
exceeding 61 t C/ha contracted from 25% in 2015 to about 20% in 2025, while low carbon
stock zones (<10 t C/ha) expanded, particularly across sub-urban districts where forests and
agriculture are being converted into residential and industrial developments. While Hulu
Selangor and Sabak Bernam continue to function as important carbon reservoirs, their
carbon density has slightly reduced, reflecting growing land-use pressures. Meanwhile,
urban areas such as Shah Alam, Klang, and Sepang remain persistently low in carbon stock,

highlighting their role as emission-heavy zones with limited sequestration potential.

Carbon Stock in Selangor 2015 Carbon Stock in Selangor 2025

Legend Lagend
[ Boundary

[_1 Boundary Carbon Stock 2025 (tC/ha)

Carbon Stock 2015 (tC/
ha)
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B 0.001 - 10 (Low)
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W > 61 (vigh)
30.001 - 60
10.001- 30
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Figure 5: Carbon Stock maps of Selangor in 2015 (a) and 2025 (b).

e. Carbon emissions Map

Figures 5a and 5b present the spatial distribution of carbon dioxide (CO:) emissions across
Selangor in 2015 and 2025. In 2015, high-emission zones (>100 tCOze/ha) were primarily
concentrated in the urban and industrial centers of Shah Alam, Klang, Petaling Jaya, and
Sepang, reflecting the impact of dense built-up land cover and limited vegetation. Moderate

emission areas (30—-100 tCOze/ha) extended into sub-urban districts such as Gombak, Hulu
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Langat, and Kuala Langat, where mixed land uses combine agriculture, secondary forests, and
residential development. By contrast, northern and coastal districts, particularly Hulu Selangor
and Sabak Bernam, contained larger tracts of low or negative emission zones (<30 tCOze/ha
and <0 tCO2/ha), functioning as carbon absorption areas due to extensive forest and agricultural

cover.

By 2025, the emission pattern shows a clear intensification of hotspots. High-emission zones
expanded from 22% of Selangor’s land area in 2015 to about 28% in 2025, with significant
growth in the Klang Valley conurbation, covering Shah Alam, Klang, Gombak, and Sepang.
At the same time, carbon absorption areas (<0 tCO-/ha) declined from 15% in 2015 to 12% in
2025, particularly in Hulu Selangor and Sabak Bernam, where forest edges and agricultural
zones face increasing pressure from land conversion. Moderate emission zones (30—100
tCO2¢e/ha) decreased slightly, reflecting a transition toward either low-vegetation, high-
emission urban cores or stable low-emission agricultural landscapes. This shift underscores the
impact of urbanization on Selangor’s carbon balance, with growing built-up areas reducing the

extent of carbon sinks while amplifying emission hotspots.

Carbon Gas Emission in Selangor | | Carbon Gas Emission in Selangor
2015 2025

A Sabak Bernam

ﬁulu Se’lan\g‘Gr. j

[ Boundary
Carbon Emission 2025 (tCO2e/ha)
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Boundary District Selangor
Carbon Emission 2015 (tCO2e/ha)
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> 100 (High)

30-100 (Modierate) 30-100 (Moderate)

I 0-30 (Low) 5250 5 10 15 20 I < 30 (Low) 5250 5 10 15 20
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i, Tomiom, Garmin. FAD, METUNASA, USGS

Figure 6: Carbon Gas Emission maps of Selangor in 2015 (a) and 2025 (b).
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f. District-Level Carbon Indicators

The district-level percentages of NDVI, AGB, carbon stock, and CO: emissions for Selangor
in 2015 and 2025 are presented in Table 2 and figure 7. Urbanized centers such as Shah
Alam/Klang and Sepang recorded the lowest sequestration indicators, with NDVI values
declining to just 21-26% of the state maximum in 2025. Their AGB and carbon stock dropped
below 10%, demonstrating their negligible role in carbon storage. Despite this, their CO-
emissions rose to 8—9% of the maximum, reflecting rapid urban expansion, energy-intensive

activities, and limited vegetation cover.

Transitional districts such as Hulu Langat, Kuala Langat, and Gombak displayed moderate
percentages. By 2025, their NDVI declined to 40-50% of the maximum, while AGB and
carbon stock fell to 26-30%, indicating progressive loss of biomass. Their CO. emissions
accounted for 26-29% of the maximum, down from 29-34% in 2015, suggesting that vegetated
areas are increasingly replaced by built-up land. Foley et al. (2005) similarly identified sub-
urban landscapes as highly vulnerable to land conversion, simultaneously contributing to

emissions while losing sequestration potential.

In contrast, forested and rural districts such as Hulu Selangor, Kuala Selangor, and Sabak
Bernam retained the highest percentages across all indicators. Hulu Selangor maintained NDVI
at 93% of the maximum, AGB at 86%, and carbon stock at 85%, while CO- absorption stood
at 85% in 2025. Sabak Bernam consistently registered 100% across all indicators, confirming
its role as the state’s strongest carbon sink due to extensive agriculture and forest cover.
Overall, the table illustrates a clear imbalance: urban centers provide less than 10% of
sequestration potential, transitional districts contribute a moderate 25-50%, while forested

districts exceed 70% across all indicators.
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Table 2: District-level averages of NDVI, Above Ground Biomass (AGB), Carbon Stock, and CO: emissions in Selangor for 2015 and 2025
(absolute values and % relative to maximum).

NDVI AGB C Stock CO:
District NDVI Changes Area | Ton/ hectare | Changes Area | Ton/ hectare | Changes Area | Ton/ hectare | Changes Area
1stne % (t/ha) % (t C/ha) % (tCO1/ha) %
2015 | 2025 | 2015 | 2025 | 2015 | 2025 | 2015 | 2025 | 2015 | 2025 | 2015 | 2025 | 2015 | 2025 | 2015 | 2025
Shah Alam/Klang | 0.20 | 0.15 | 26.7 21.4 10 8 6.9 5.7 5 4 7.4 6.1 17 20 6.8 8.3
Sepang 022 | 0.18 | 293 25.7 12 9 8.3 6.4 6 4 8.8 6.1 19 22 7.6 9.1
Hulu Langat 035 | 0.30 | 46.7 429 45 38 31.0 27.1 21 18 30.9 273 77 67 30.9 27.7
Kuala Langat 040 | 035 | 533 50.0 50 42 34.5 30.0 23 19 33.8 28.8 84 70 33.7 28.9
Gombak 033 | 0.28 | 44.0 40.0 42 36 29.0 25.7 20 17 29.4 25.8 73 63 293 26.0
Hulu Selangor 0.70 | 0.65 | 933 92.9 130 120 89.7 85.7 61 56 89.7 84.8 224 | 207 90.0 85.5
Kuala Selangor 0.60 | 0.55 | 80.0 78.6 105 95 72.4 67.9 49 45 72.1 68.2 179 165 71.9 68.2
Sabak Bernam 0.75 | 0.70 | 100.0 | 100.0 | 145 140 | 100.0 | 100.0 68 66 100.0 | 100.0 | 249 | 242 | 100.0 | 100.0
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Figure 7: Percentage change of (a) NDVI, (b) AGB, (c) Carbon Stock, and (d) CO: across districts in Selangor between 2015 and 2025.
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The district-level disparities presented in Table 1 are consistent with broader regional and
global studies on land-use change and carbon dynamics. The low percentages in urbanized
districts such as Shah Alam/Klang and Sepang reflect the well-documented impacts of urban
expansion on vegetation cover and biomass reduction.(Kanniah et al., 2015) demonstrated that
urbanization in Malaysian cities leads to a decline in NDVTI and vegetation health, while (Seto
et al., 2012) highlighted that urban areas worldwide are responsible for extensive land
conversion and carbon emissions, accounting for more than 70% of global energy-related CO-
emissions. These findings justify the observed weak sequestration potential (<10%) in

Selangor’s urban districts.

The moderate contributions from transitional districts such as Hulu Langat, Kuala Langat, and
Gombak are in line with studies that identify peri-urban areas as zones of both emission
generation and sequestration, but highly vulnerable to land conversion. (Gibbs et al., 2007)
emphasized that suburban and agricultural frontiers are often at risk of progressive urban
encroachment, leading to biomass and carbon stock loss over time. This supports the observed
decline of AGB and carbon stock to 26-30% of the maximum in these districts, alongside

reduced CO: absorption capacity.

The strong sequestration role of forested and rural districts (Hulu Selangor, Kuala Selangor,
and Sabak Bernam) is consistent with tropical forest studies worldwide. (Saatchi et al., 2011)
estimated that tropical forests contribute the largest share of aboveground biomass globally,
storing significant carbon stocks critical for climate regulation. Similarly, (Morel et.al., 2019)
confirmed that tropical landscapes act as essential carbon reservoirs despite pressures from
land conversion. The high percentages (>70%) observed in these districts affirm that Selangor’s
rural and forested regions remain its primary carbon sinks, offsetting emissions from urban

cores.

Overall, the district-level analysis demonstrates a stark imbalance between urban emission
hotspots and forest carbon sinks. Urban districts contribute disproportionately to CO- release,
while northern and coastal districts serve as the state’s main sequestration reservoirs. These
findings echo the global patterns identified by (Seto et al., 2012) , where urbanization is linked
to intensified carbon emissions and diminished natural sinks. For Selangor, this evidence
underscores the urgency of green infrastructure in cities, sustainable land management in

transitional zones, and conservation of forest-rich districts to maintain ecological balance and
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meet sustainability targets under SDG 11 (Sustainable Cities and Communities) and SDG 13
(Climate Action).

This widening disparity emphasizes the need for differentiated strategies such as urban
greening in cities, sustainable land-use in transitional zones, and conservation in forest-rich
districts to meet Selangor’s Low Carbon City 2030 Challenge and Malaysia’s broader
commitments under SDG 11 and SDG 13.

Conclusion and Recommendation

In conclusion, this study highlights the value of remote sensing and GIS as effective tools
for monitoring carbon dynamics and supporting sustainable urban planning. By assessing
changes in land use, vegetation, biomass, carbon stock, and CO. emissions over time, the
research provides spatial evidence to guide strategies that balance urban development with
environmental sustainability. The findings emphasize the need for integrated approaches
that combine urban greening, forest conservation, and sustainable land management to
strengthen carbon sequestration capacity while reducing emission hotspots. Moving
forward, incorporating higher-resolution data, ground-based validation, and socio-economic
indicators will further improve accuracy and policy relevance. Overall, geospatial
monitoring plays a crucial role in supporting Selangor’s Low Carbon City 2030 agenda and
advancing Malaysia’s commitments under SDG 11 (Sustainable Cities and Communities)

and SDG 13 (Climate Action).
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