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Abstract: Sarawak Land Cover System (LIMPAS) is an innovative initiative developed by the
Malaysian Space Agency (MYSA) and implemented by the Sarawak Land and Survey Department
(LSD). The system aims to provide policymakers and land management officials with accurate and
updated data on land cover changes by integrating advanced remote sensing techniques. Sarawak, the
largest of Malaysia's 13 states, covers a total area of 12,417,000 hectares. Traditionally, land cover
mapping in this vast region took more than a decade to complete. To address this, LSD collaborated
with MYSA to generate the 2013 1% Edition Land Cover Maps (LCM) using SPOT 5 data, which
employed the Rule Set Development method in eCognition software. The 2023 2™ Edition LCM was
updated using SPOT 6/7 data. The results show that between the 1% and 2™ editions, agricultural land
use increased by 2.8%, water increased by 0.6%, bare land decreased by 1.1%, urban increased by
0.4%, and forest decreased by 2.7%. The decrease in forest area signifies deforestation for conversion
to agriculture, which likely contributed to increased agricultural land. The decrease in bare land is
partly associated with urban expansion. LIMPAS, a web-based Web-GIS smart system for managing
Sarawak's land cover, was developed using remote sensing, GIS, and ICT technologies to disseminate
this information. The analysis results demonstrate the system's efficiency in leveraging information
delivery. In conclusion, this paper highlights the proven benefits of the LIMPAS system for LSD and
the Sarawak State Government in land management, including the determination of new land ownership
titles, assessing compensation costs for the development of the Pan Borneo Highway, conducting
suitability analysis for telecommunication tower locations, and performing flood assessment.

Keywords:  classification, land cover, land management, system.

1. Introduction

Land cover and land cover change are fundamental aspects of environmental and resource
management. They provide essential information for understanding the state and dynamics of
natural and human-modified landscapes. Understanding landscape patterns, changes, and
interactions between human activities and natural phenomena is essential for proper land
management and decision-making (Rawat & Kumar, 2015). By monitoring and analyzing land

cover and its changes, we can make informed decisions to promote sustainable development,
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protect natural resources, and enhance the resilience of communities to environmental
challenges. Integrating land cover data into planning and policy-making processes is crucial
for achieving long-term sustainability and environmental stewardship. Land use and land cover
change is an important issue considering global dynamics and their responses to environmental
and socio-economic drivers (Akpoti et al., 2016; Bewket, 2002; Hurni et al., 2005). By
utilizing advanced remote sensing technologies and incorporating multiple satellite images,

these maps provide valuable insights into changing land use patterns.

The Sarawak Land and Survey Department (LSD) is responsible for producing the Land
Use/Land Use Map of Sarawak for Sarawak state land management and administration.
Previously, the map was produced using aerial photography, which was primarily used to create
topographic maps of the state. Although aerial photography offers high-resolution imagery and
localized detail, its limitations make it less suitable for the challenging conditions of Sarawak.
The process of transferring information from a mosaic aerial photo to a map is very complicated
and time-consuming, especially over large areas (Vivekananda, 2021). Remote sensing offers
many advantages over traditional data acquisition methods by collecting data over large areas
in a relatively short period and providing valuable information in a more efficient, timely, and

cost-effective manner (Vivekananda, 2021).

LSD and the Malaysian Space Agency (MYSA) signed and Memorandum of Understanding
(MOU) in 2011 for generating land use maps using satellite images. The project started with
three (3) pilot areas, which are Matang, Sibu and Kapit, respectively. The 2013 1% Edition
LCM using SPOT 5 data (2.5 m spatial resolution) was completed in 2013. The maps were
updated using SPOT 6/7 data with 1.5 m spatial resolution for the 2023 2" Edition LCM.

This paper will later describe the system development process by utilizing remote sensing,
machine learning, GIS, ICT, and related technologies. The process consists of four stages: data
reception and processing, database design, GIS map preparation, and web development. The
cycle starts with remote sensing satellite data reception, as well as supporting data collection
such as Digital Surface Models (DSM), Provisional Leases, Topographical Maps, and Old
Land Use Maps. The final map output is vector data stored digitally in a database after a quality
check procedure to ensure all data is standardized and organized. Subsequently, the LIMPAS

system was developed for web publishing. The LIMPAS system was designed for LSD and
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government officials, providing access to the database and image services with visualization

and analytical functionalities according to LSD requirements.

2. Literature Review

Remote sensing has become a vital tool for monitoring dynamic changes in natural resources
and the environment (Zhao 2003; Chen et al. 2009; Feyisa et al. 2014). It has been extensively
used to characterize spatial and temporal land use changes, including the spread of
urbanization (Jensen 1981; Yang and Lo 2002). Many studies have employed remote sensing
techniques to detect land use changes in land development and management (Tewabe et al,
2020).. Among these techniques, multiresolution segmentation and rule-based classification
are commonly applied to classify objects from very high-resolution satellite images of urban
areas, such as those captured by SPOT, WorldView, and QuickBird satellites (Haque et. Al.,
2016). With the advent of higher-resolution spatial data, object-based image analysis (OBIA)
has gained acceptance as an efficient method for analyzing remote sensing data (Blaschke,
2010; Belgiu et al. 2014). OBIA classification has been implemented in software such as
Trimble eCognition Developer (Trimble 2013). For instance, Herold et al. (2002), used the
OBIA classification method to classify an IKONOS image of an urban area, generating a
thematic map of nine classes with an overall accuracy of 79%, demonstrating the effectiveness
of this approach for classifying high-resolution images. Similarly, Myint et al. (2011),
compared pixel-based classification with OBIA using very high-resolution satellite images in
an urban environment. OBIA successfully classified various object classes, including water,
buildings, roads, trees, grass, and soil, through the development of specific rule-based
classifications based on geometric, texture, and shape information (Mohammad D. Hossain.
Et. Al,, 2019). OBIA has also been employed to map specific land cover areas across different
spatial resolutions and temporal datasets, enabling the detection of land cover changes. By
utilizing spectral and spatial information, such as texture, shape, and contextual features,
OBIA enhances the discrimination between spectrally similar land cover types, ultimately
converting these classifications into a user-friendly vector format for further analysis.
Additionally, participatory mapping approaches can be integrated to capture land cover layers
and display them in web-based platforms, providing online access, visualization, and analysis
of images and ancillary data. This approach has been successfully applied (Zhang C., et. al.,
2022), significantly improving online collaborative quality checks, detecting land cover

changes, developing solutions, and assessing the effectiveness of actions.
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WebGIS has emerged as a robust solution for efficiently managing and utilizing geographic
information in today's digital world. It combines the strengths of Geographic Information
Systems (GIS) and web technologies to provide global connectivity (ESRI, 2022). This
integration allows users to access, interact with, and analyze spatial data via the internet, making
geographic information available from anywhere in the world (Randazzo et al., 2023). WebGIS
has gained popularity among consumers and the geospatial industry as a more economical and
practical method for disseminating geographic data (Dedy Kurniawan et al., 2022), eliminating
the need for substantial software investments. In the Land Use and Land Cover (LULC) field,
WebGIS has been utilized for visualizing land cover maps, analyzing land use patterns, zoning
regulations, and supporting urban growth management (Sandeep V. G, 2021). WebGIS offers
significant advantages over traditional desktop GIS, including global accessibility, scalability
for numerous users, and cross-platform compatibility through standard web browsers. It is cost-
effective, user-friendly, and allows for unified updates across all users, making it versatile and
accessible to a broad audience, including the general public and enterprise users (Parihar S. M.,
2014).

3. Study Area
This project covers the entire area of Sarawak, which consists of 12 divisions: Kuching, Serian,
Sibu, Mukah, Sri Aman, Bintulu, Miri, Limbang, Lawas, Kapit, Samarahan, and Betong. The

total area encompassed by these divisions is 12,417,000.00 hectares.
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Figure 1: The study area
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4. System Development Methodology
4.1. Data Collection and Processing
Land Cover Maps produced are under the name of the map series “Sarawak Series 30”
(SS30). The 2013 1% Edition LCM was created using 2.5 m SPOT 5 imageries as
primary data. Additionally, SPOT 4 and Landsat TM imageries were utilized to
overcome data unavailability due to atmospheric effects. A total of 64 scenes dated
from the year 2011 — 2013 were used to generate the maps in the first edition. For the
upcoming 2023 2" Edition LCM, a total of 45 scenes dated from the year 2016 — 2022
were used to generate updated land cover maps. This new edition will reflect changes
in land cover patterns and help policymakers make informed decisions regarding

sustainable development and conservation efforts.

4.1.1. Classification
4.1.1.1. Rule Set Development
The land cover classification was conducted using a rule-based segmentation
method in e-Cognition software. Initially, the rule set was developed using images
with minimal atmospheric disturbances. For subsequent images, the rule set was
refined by adjusting the thresholds specific to the land cover class depicted in each
image.
We began with multi-resolution segmentation, using a scale parameter of 200, and
set the shape and compactness criteria to 0.2 and 0.5, respectively. These values
were determined through a process of trial and error. After segmentation, the image
was classified using an NDVI ruleset. Areas with an NDVI value below 0.4 were
categorized as non-vegetation. For these non-vegetated areas, rulesets were
developed sequentially for water bodies, shadows, clouds (rule: brightness > 123),
urban areas, sandbanks (rule: non-vegetation area with relative border to water),
and cleared land.
Areas with an NDVI value above 0.4 were classified as vegetation. Within the
vegetation category, rulesets were created for each vegetation type. For the
mangrove class, the SWIR band was utilized due to its sensitivity to the water
content in vegetation. Additionally, elevation data from the DSM was incorporated

to distinguish between hill forests and dense forest classes.
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4.1.1.2. Land Cover Updating

A total of 21 land cover classes mapped throughout Sarawak in 2011-2013 were
used as a base layer in the updating process. Changes were updated using ArcGIS
10.4.1 software. A more detailed land cover map was created with a total of 29 land
cover classes. This method was opted due to the lack of SWIR band in SPOT 6/
SPOT 7 satellite imageries that is crucial in the rule set development. The SWIR
band was used in determination of mangrove and swamp forest classes because of

its sensitivities to moisture content in vegetation.

4.1.2. Land Cover Changes Analysis
Remote sensing and GIS-based change detection approaches are widely used due to
their cost-effectiveness and high temporal resolution (Vivekananda et al., 2020). The
post-classification comparison technique includes classifying imageries and comparing
the relevant classes. The LC Maps for both editions were reclassified into five (5)
general classes, namely water bodies, urban, agriculture, barren land, and forest. Land
Cover (LC) change analysis was conducted using the reclassified map editions,
applying the following equation:

Ci=Li-Bi 1)

The change in class is divided by the covered area base year and multiplied by 100, the
computation that was used to calculate the percentage of change (C%) (Vivekananda et

al., 2020). This process was conducted in each land cover class.

Pi=Li— Bix 100 2
Bi

The number of classes in the image is indicated by I. Ci indicates how many classes |
have changed. Pi is the percentage change in class | (Vivekananda et al., 2020). Li is
the 2013 1% Edition LCM, while the 2023 2" Edition LCM is Bi (2023).

4.2. LIMPAS System Development
The LIMPAS web application has a three-tier architecture. The application interacts with
the end user via the first tier of the architecture. This tier is also known as the user interface

tier. Using various internet browser available user are able to access and perform various
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operations which includes performing queries, print documents and display relevant land
use map on using the data provided by the application.

Operations requested from the end user from the first tier is parsed through the second tier
where the logical operations will be performed. The second tier consists of a web server
and a map server where the map server’s function is to handle requests that is related to
spatial data.

The third tier, or the database tier, is where the data for the application is stored and
managed. For LIMPAS application, both spatial and non-spatial data are stored and
managed using Oracle database management system. Any request and operations carried
out by the end user from the first tier will be parsed through the second tier and sequentially
the third tier where the required data are retrieved. The LIMPAS system components is
presented graphically in Figure 2.

WEB GIS
APPLICATION

Final web application and dashboard
ArcGIS Desktop

Publish services
(map, images, feature,

s geoprocessing etc.)
GIS MAP ArcGIS

PREPARATION Server

ArcGls Desktop

DATA
COLLECTION &
PROCESSING

i -

Satellite imageries Satellite image derived layers Secondary data
(Pleiades, SPOT 6/7, Sentinel (using visual interpretation and machine (state, division, district, sub-
1&2) learning) district, parliament, DUN, SS30)

Figure 2: LIMPAS system components.
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4.2.1. LIMPAS Database

Data deployed by LIMPAS application comprises of raster layers (satellite imageries)
and feature layers (land cover maps, boundaries, etc.). Attached to the feature layers is
its corresponding attribute information stored in spatial tables within the database.
Oracle 18c is used to store and manage the data. The logical structure of the database
for LIMPAS is designed in accordance to the requirements and specifications gathered
from LSD.

4.2.1.1. Main Data

a. Land Cover - Spatial table that stores all information about land cover including
land cover codes and areas in hectares as attributes. There are two editions of land
cover layers, the 2013 1% Edition LCM and 2023 2" Edition LCM. Each land cover
editions were displayed by divisions.

b. Land Cover Changes - Spatial table that stores information on land cover changes
including division, 2013 1% Edition LCM and 2023 2" Edition LCM, and 1%
Edition and 2" Edition generalized land cover as attributes.

c. MYSA Base Map — SPOT 6 mosaic satellite image base map ranging from 2019-
2022.

d. Satellite Imageries — Collection of satellite imageries from SPOT-6, SPOT-7,

Sentinel and Pleiades.

4.2.1.2. Secondary Data

a. Division - Spatial table that stores Sarawak division boundaries containing division
name and areas as attributes.

b. District - Spatial table that stores the district boundaries in Sarawak and contains
district name and areas as attributes.

c. Sub-district - Spatial table that stores the sub-district boundaries in Sarawak and
contains sub-district name and areas as attributes.

d. Parliament — Spatial table that stores Sarawak parliament boundaries containing
parliament name, parliament code, criteria and areas as attributes.

e. DUN (State Legislative Assembly) - Spatial table that stores Sarawak state
legislative assembly’s boundaries containing DUN name, DUN code, criteria and

areas as attributes.
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f. SS30 Map Index - Spatial table that stores Sarawak division boundaries containing
map name and map index as attributes.

g. CORS (Continuously Operating Reference Station) — Spatial table that stores
CORS station containing CORS name and coordinates as attributes.

4.3. GIS Map Preparation

Using ArcGIS Desktop software, utilizing data stored inside the Oracle database, layers of
map are designed accordingly to the styling and symbology specified by LSD. The
cartographic map design includes the color for each specific land use class, labels and
symbols for every features of the maps. These maps are published to ArcGIS Server as
map services. Related satellite images are also published to ArcGIS Server to generate
image services. The hosted services will be utilized in the next stage of developing the web

application.

4.4. Web and Web GIS Development
4.4.1. Web Development
The web development for LIMPAS application begins by analysing and gathering
information of user requirement. Based on the requirements provided by the user, using
the available data gathered, the database is designed. The data includes spatial and non-
spatial data has been identified during user requirement specification phase. At this
stage, the data is also verified and standardised to remove any redundancies. Using the
ArcGIS Desktop and ArcGIS Server the data are published to create APIs that will be
employed to generate a web map.
Web map for LIMPAS application combines all the operational layers and a basemap
identified using the requirement phase and is created using Portal for ArcGIS. This web
map is imported into Web AppBuilder to create GIS application. At this point of the
development, functions are added to provide user with operations that can be used to
further analyse data when accessing LIMPAS web application LIMPAS web application
also consists of an interface where authorised user can log in. The login page is
developed using HTML, PHP and Javascript.
LIMPAS can only be accessed by authorized users identified by LSD to ensure effective
regulation of its use. The LIMPAS web application is designed with four levels of
access. These access levels are established to restrict certain data to only those

authorized to view it.
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The user are categorised into four levels of access as follows:

No. | Access Level Description
1. Headquarter 1 | User have access to standard functions with additional
(HQ1) functions of dashboard and full queries (division, district,
sub-district, parliament, dun)
2. Headquarter 2 | User have access to standard functions with additional
(HQ2) function of full queries
3. Headquarter 3 | User have access to standard functions with limited queries
(HQ3) (division, district, sub-district)
4. Division User from division can only access their own division. All
user from division have access to standard functions with
limited queries.

4.4.2. Web GIS Modules
For this application, three (3) primary components were created: a display module, a

query and analysis module, and a dashboard module.

44.2.1.

Display Module

Any web-GIS application needs a display module to be intuitive and user-friendly.

Users can pan, zoom, identify landmarks, and print maps. The table of contents

displays all GIS data with medium, high, and very-high-resolution satellite images

from Pleiades, SPOT6/7, and Sentinel 1 for flood monitoring and detection. This

module allows users to visually identify land cover of certain areas and the changes

occurred at that area. Figure 3 displays the attribute map using the display pop up

function. User also can produce printed maps in this module. Map print layout is

shown in Figure 4.
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Figure 3: Map with the attribute information using the display pop — up function.
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Figure 4: Map in print layout format

4.4.2.2. Query and Analysis Module

The key element of this web-GIS application is the query and analysis module.
Registered users can query spatial data based on their needs. The query function for
LIMPAS can be done for different administrative level. Land cover maps for both
editions can be queried based on division, district, sub-district, parliament and DUN
boundaries. Users can also zoom to certain area based on SS30 map sheet index.
The query results can be shown in the attribute table, exported to different formats

and performed statistical analysis.
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The analysis module provide elevation profile and measures distance, and area.
Elevation profile is crucial in determining the best location with high quality signal
for telecommunications tower. According to Concejal, 2024, Digital Terrain Model
(DTM) is essential for calculating vision profiles, and determining the elevation of
transmitting and receiving antennas. This can help LSD to take full advantage of
the terrain, minimizing interference and maximizing signal range. Furthermore, the
area size and distance to nearest settlement areas can also be estimated. Changes
between 2 sets of land cover editions were also incorporated into LIMPAS.

4.4.2.3. Dashboard Module
The dashboard module displays multiple visualizations concurrently on a single
screen. The dashboard facilitates easy monitoring, decision-making, and viewing
of trends in land cover classes and changes, specifically for LSD top management
with HQ1 access level. User can view land cover information based on different
administrative level (Figure 5).

DASHBOARD cuass o ost sus Ot A ouw

. DIVISION, DISTRICT & SUB-DISTRICT MAIN LC CLASSES
& i oy
OIL PALM
4,436ha 273 ha  (34874a
i B -
DENSE FOREST || CLEARED LAND
127,976 ha | 12,626 ha 45376 ha

LC CLASS CHANGES

PARLIAMENTARY & DUN

Figure 5: Dashboard showing land cover classes areas and changes information.

5. Results
For the 2013 1% Edition LCM, a total of 21 cover classes were mapped. In the 2023 2" Edition
LCM, this number increased to 29 classes. These classes are then generalized into five main

categories: Urban, Barren, Forest, Agriculture, and Water bodies, as shown in Table 1.
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Table 1: LC Classes Categories

No.

Generalized classes

LC Classes

1. | Urban Land

Urban & Associated Areas

Graveyard Area

Poultry

Mixed Horticulture

2. | Barren Land

Cleared Land

Quarry & Ex-Quarry

Beach Sand / River Sand

3. | Forest Land

Dense Forest

Sparse Forest

Hill Forest

Montane Forest

Alan Forest

Mangrove

Swamp Forest

Nipah

4. | Agriculture Land

Coconut

Market Gardening

Oil Palm

Rubber

Paddy

Pepper

Pineapple

Sago

Orchard

Grassland/Lallang

5. | Water Bodies

Aquaculture

River / Canal/ Waterway/ Drain

Sea Water

Ponds and Lake

The area information for each class in both years was obtained from Table 2. A post-

classification comparison technique was performed, where the LC map from 2013 1% Edition
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LCM was compared with the 2023 2" Edition LCM. Based on the comparison, the changes
that occurred between both editions are presented quantitatively. As the classification were

done based on divisions, the results for all 12 divisions are shown in Figure 8.

Table 2: Area information for 1% and 2" Edition LCM categories.

LC Map Edition
Class 2013 1% Edition LCM 2023 2" Edition LCM
Hectares (ha) Percentage (%) Hectares (ha) Percentage (%)

Agriculture Land 1,534,791.25 12.36 1,883,092.51 15.17
Barren Land 280,367.61 2.26 145,497.81 1.17
Forest Land 10,305,744.46 83.00 9,974,210.31 80.33
Urban Land 85,988.87 0.69 132,366.43 1.07
Water Bodies 210,107.82 1.69 281,832.95 2.27
Total area 12,417,000.00 12,417,000.00

5.1. Sarawak LC Pattern in 2013 1%t Edition LCM

The layout of the 2013 1% Edition LCM is shown in Figure 7a. This edition focuses on
priority areas, with classification accuracy as follows: Matang 88%, Sibu 87%, Kapit 92%,
Mukah and Halal-hub 86%, Limbang 78%, Nanga Merit 86%, Baram - Murum 86%, Miri
87%, Kuching 84%, Sri Aman 84%, and Lawas 87%.

Initially, field activities are thoroughly conducted in a priority area using stratified random
sampling with ERDAS IMAGINE software. The number of samples was determined based
on Jensen's theory (1996), which suggests a minimum of 50 samples per pixel per class per
scene. Verification locations were then refined based on the project members' experience
in image interpretation and the use of supporting data such as orthophotos and multi-
temporal images. A total of 1,421 sampling points were collected for field verification,
resulting in an overall accuracy of 85.9% for the entire Sarawak region.

The generalized classification categories and their area information are listed in Table 2.
Based on the results, the largest category was forest (10,305,744.46 ha, 83.0 % of the total
area), followed by agriculture (1,534,791.25 ha, 12.4% of the total area), barren land
(280,367.61 ha, 2.3% of the total area), water bodies (210,107.82 ha, 1.7% of the total area)
and urban (85,988.87 ha, 0.7% of the total area).
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5.2. Sarawak LC Pattern in 2023 2" Edition LCM

The 2023 2" Edition LCM layout is displayed in Figure 6b. The generalized version of this
map was shown in Figure 7b. According to the map, the Sarawak state area mainly
consisted of forest class (9,974,210.31 ha, 80.3% of the total area), followed by agriculture
(1,883,092.51 ha, 15.2% of the total area). Water bodies rose to the third place, with 2.3%
of the total area, covering 281,832.95 ha. Barren land are 145,497.81 ha, 1.2% of the total
area. Finally, urban areas are 132,366.43 ha, which makes 1.1% of the total area. From the
2013 1% Edition LCM to the 2023 2" Edition LCM, the LC patterns changed significantly.

AAAAAAA KALIMANTAN

(a) 2013 1% Edition LCM of Sarawak. (b) 2023 2" Edition LCM of Sarawak
Figure 6: 1%t and 2" Edition Sarawak Land Cover Maps
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(a) Generalized 1% Edition LC map of (b) Generalized 2" Edition LC map of
Sarawak. Sarawak
Figure 7: Generalized 1% and 2" Edition Sarawak Land Cover Maps

5.3. Change Detection
The area for each LC class and its changes from 2013 1% Edition LCM to the 2023 2"
Edition LCM are presented in Table 3. Positive and negative changes were observed

between the 2 map editions in the study area. Figure 8 shows the graph depicting the land
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cover changes in percentage of the study area by divisions. The significant changes for 3

classes (forest, agriculture, and barren land) are elaborated below.

Changes by Division
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Figure 8: Graph showing the land cover changes percentage of the study area.
Table 3: The area for each LC class in both map editions and the changes occurred.
LC Area (ha)
No Class Name 2013 1 2023 2nd Area Changed (ha) Percent change
Edition LCM Edition LCM (2 Ed- 1% Ed) (%)
1 Agriculture 1,534,791.25 1,883,092.51 348,301.25 28
2 Barren Land 280,367.61 145,497.81 -134,869.80 11
3 Forest 10,305,744.46  9,974,210.31 -331,534.145 2.7
4 Urban 85,988.87 132,366.43 46,377.56 0.4
5 Water Body 210,107.82 281,832.95 71,725.13 0.6

(+) Indicates an increase and (—) indicates a decrease in the area under a LC class for both LCM Editions

5.3.1. Forest

Forest areas decreased from 10,305,744.46 ha in 2013 1% Edition LCM to0 9,974,210.31
ha in 2023 2" Edition LCM, which represents a net decrease of 348,301.25 ha. This
decrease is attributed to the conversion of forest land to other classes, mostly agriculture
land. For example, in the Kapit area, forests have been submerged by the rising waters

of the river due to the Bakun Dam, causing a 0.6% increase in water bodies.
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5.3.2. Agriculture

Agriculture land areas increased from 1,534,791.25 ha in 2013 1% Edition LCM to
1,883,092.51 ha in 2023 2" Edition LCM, which represents a net increase of
348,301.25 ha. This is due to an increasing number of areas being explored and
developed by individuals or companies for agricultural purposes, including palm oil,

rubber, pepper, and more.

5.3.3. Barren Land

Barren land areas decreased from 280,367.61 ha in the 2013 1% Edition LCM to
145,497.81 ha in 2023 2" Edition LCM, which represents a net decrease of 134,869.80
ha. The degradation of barren land is attributed to its conversion into urban and
agricultural land. The cleared land has been transformed into urban areas with town
buildings, shophouses, and more. Some barren land has also been cleared for
plantations, resulting in the growth of crops such as oil palm, paddy, and other

agricultural produce.

5.4. Benefit

LIMPAS provides many benefits to users. It offers systematic and centralized land cover
information management, ensuring that all data is organized and easily accessible. The
system also monitors land cover class changes using high-resolution and up-to-date
satellite images, allowing for accurate and timely updates.

Decision-makers can plan and manage land cover information quickly and accurately with
LIMPAS, significantly enhancing their efficiency. Productivity is increased as the survey
method planning process is sped up by 50%. Additionally, LIMPAS offers comprehensive
mapping coverage for the entire state of Sarawak, ensuring that no area is left uncharted.
The system also boasts a classification accuracy of over 80%, providing reliable and
precise data for various applications.

The LIMPAS system has proven beneficial to both the LSD and the Sarawak State
Government in land management, including determining new land ownership titles,
assessing compensation costs for the development of the Pan Borneo Highway,
conducting suitability analysis for telecommunication tower locations, and performing

flood assessments.
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6. Conclusion

LIMPAS, a web-based GIS smart system for managing Sarawak's land cover, was developed
using remote sensing, GIS, and ICT technologies to disseminate this information. The analysis
results demonstrate the system's efficiency in leveraging information delivery. In conclusion,
the system has been successfully operationalized across all 13 divisions and HQ for Sarawak's
land management. Moving forward, the system will be upgraded to Phase 3 using new satellite
data to produce the 3 Edition LCM.
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