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Abstract

Land use land cover (LULC) change analysis is one of the major studies around the world. Understanding
the spatial and temporal changes in the historical LULC pattern is critical for impact assessment, town
planning, and future LULC simulation. Johor, situated in the southern Peninsular Malaysia, is one of the
most developed states in Malaysia. Johor River Basin (JRB) is the main springhead for Johor and Singapore.
However, research on LULC analysis of JRB is still rarely reported. This study aims to understand the
spatio-temporal changes of LULC in JRB between 1984 and 2015. The study is divided into two main
parts: (1) to identify the LULC types with rapidly changes; and (2) to compute the rate of LULC changes.
Three land use maps of 1984, 2002 and 2015 were collected from the PLANMalaysia agency. The results
show that JRB experienced rapid growth in oil palm where the estate area expanded 47.98% from 1984 to
2015. In contrast, the forest area was decreased by 7.74% between 1984 and 2015, particularly in the
southern part of JRB. Meanwhile, a significant increasing trend was found for water bodies in the northern
part of the basin. This is mainly due to the construction of Linggiu Reservoir for supplying fresh water to
Singapore in the early 1990s. LULC changes should be monitored and well managed to maintain the
sustainability of life and water resources, by incorporating it into the hydrological model to study the future

water resources of the basin.
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1. Introduction

Urbanization is a global phenomenon that has gained focus by researchers in this century
(Heidarinejad, 2017). The United Nations (UN) Stockholm Conference on the Human Environment in 1972
initiated the concern of researchers to pay attention onto issues arise by urbanization Referring to the facts
stated by United Nations Development Programme (UNDP), there are 3.5 billion people lived as urban
residence around the world, where this is equivalent to half of the world's population. Boosted by economic
development and spatial revolution in terms of transportation, communication and information transfer,
rapid urban growth is expected in the coming century as well (Chen, 2003).

Change in land use land cover (LULC) is a result of urban expansion (Omid et al., 2012). Some
noticeable urban expansion forms are shown in terms of low-density development, congregating of
population and economic intentions at the periphery cities, and leapfrog development (Tjomas & Randall,
2004). To reduce the stress of the change in LULC to the environment and human, sustainable development
is a topic that shall be looking for. However, different types of urban expansion when happened
simultaneously has altered the LULC of neighboring areas for economic development (Fallah et al., 2011).
For example, the river catchment area transformed into built up area for commercial purposes will increase
the risk of flood for the surrounding area. Rivers is where human civilization began. Humans rely on rivers
for food, clean water resource, transportation, hydroelectrical power supply, agriculture and recreation
purposes. The land that collects and drains off precipitation into a common river outlet serves as the basin
for the river. River basins comprise self-sustaining complex ecosystems, especially in tropical river basins.
Rapid urbanization and unplanned land use exploitation at river basins can alter the hydrology of the
urbanized river basin, which led to unsustainable water resources (Shukla et al., 2013).

This study aims to evaluate the spatio-temporal changes of LULC in Johor River Basin from 1984
to 2015. Then, the findings will be applied to project the potential land use in the year 2030 with CA-
Markov model. Future land use projection is important towards water engineers, local authorities and
researchers to conduct land use impact assessment modelling. For example, the future land use map may
be applied to study the impact of land use and land cover dynamics on water resources of the Johor River
Basin by integrating with the Soil and Water Assessment Tool (SWAT) model (Tan et al., 2019). The
simulated potential future hydrological changes could be used for water resources management and

planning.

1.1. Study Area

Sungai Johor, or known as Johor River, accounted as the primary river in Johor made up with
122.7km long mainstream that flows southwards from Mount Gemuruh towards Johor Straits (GeoJohor,
2019). With averaging elevation at 109 meters above mean sea level, Johor River Basin (JRB) made up of
2,636km?2 catchment area, which composes approximately 14% of Johor state. JRB serves as the main
source of water supply to Johor and Singapore. According to the statistics, Syarikat Air Johor (SAJ) and
Public Utilities Board of Singapore (PUB) drawing 250,000 cubic meters of water from JRB each day
(Department of Irrigation and Drainage, 2012).
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One of the significant urban land expansion events in Johor in recent years is the establishment of
Iskandar Malaysia special economy region. Established on 8th November 2006, it holds the function as the
southern development corridor in Johor. The establishment of this special region covered an area of
4,749km?2 where it covers Johor Bahru, Kulai, Pontian, Kota Tinggi, and Kluang districts, with a population
of 1.8 million in 2010 (DOSM, 2015). The establishment of Iskandar Malaysia region that occupied
1,654km?2 of JRB induced rapid LULC change in the basin, especially at the downstream of Johor River.
Johor inherited the equatorial climate that surrounding temperature and humidity are usually high
throughout the year and thus it has frequent heavy rainfalls as it located in the tropical region. Figure 1

shows the topography of the study area.
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Figure 01. Topography of Johor River Basin

Johor River needs to be conserved well as it is functioning as the main water source for the
urbanizing plans. Ecological considerations such as sustainability of life for the aquatic life and freshwater
resource for human are the key to an amalgamative approach to the management of river and river basin
(Sabater & Elosegi, 2014). Geographically, ecological element conditions such as land use change cast the
vividness of a river and its basin. As awareness of conserving the water resources increased globally,
integrated river basin management becomes one of the popular environmental issues that include consorted
use and management of land, water, and other natural resources, as well as activities in a river basin shall
be modelled in order to access the sustainability of the river basin (Johnston et al., 2017). By getting to

know the future land use change at the river basin, the modelling of the river basin management can be
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taken into consideration in the future economic region planning to ensure sustainable urbanization for the

local community.

2. Problem Statement

Urban expansion in a city involves transforming the natural landscape into impervious surfaces
which are made up of man-made features (Qian & Zhen, 2019). This transformation is an irreversible
process due to human benefits from economic trends (Karen et al., 2011). Often, urbanization at an area
causing agriculture land loss, urban heat island effect, flood and ecosystem habitat degradation (Chan &
Vu, 2017). The work of delineating the spatiotemporal dynamics of urban expansion requires historical
LULC data that are available at consistent periods. By studying and analysing the historical LULC change
patterns, future land use can be projected. With the future land use change for urbanization estimation done
with algorithm statistics, a wiser decision can be made for environment protection and conservation.

There are plenty of studies about urbanization but less discussion on the issues of urban expansion
at river basins, as according to World Wildlife Foundation (WWF) river basin is a natural land boundary
other than the legal land boundary (Alam et al., 2011). The degradation of river basins would slowly damage
the ecology balance of nature. This is because river basins contain fertile soil and water resources that
contributed to human well-being in the way of maintaining the water balance of the Earth. With the building
of human activities in river basin, the physics of water flow, erosion, deposition of sediments, living of
natural flora and fauna will cause the impact of rapid development in river basins. To address this issue,

this study will highlight the spatio-temporal LULC changes in the Johor River Basin (JRB).

3. Research Questions

The research questions for this study are:
3.1. What is the rate of LULC change in the JRB?
3.2. Which part of the basin had rapid changes?

4. Purpose of the Study

The purpose of this study is to analyse the LULC changes of JRB in terms of spatially and temporally
from 1984 to 2015.

5. Research Methods

In this study, three land use maps of PLANMalaysia (Jabatan Perancangan Bandar dan Desa) were
used to study the historical LULC change. The land use maps of Johor for the years of 1984, 2002 and 2015
were obtained via the Malaysian Centre for Geospatial Data Infrastructure (MaCGDI). The original land
use classes of the collected maps were re-classed by grouping with similar land use functions and digital
geographic information codes according to MS1759 documentation. This is done by sorting the land use
attribute of the collected maps using a Geographic Information System (GIS) for example, ArcGIS,

accordingly. Seven LULC class as listed in Table 1 were employed as referred to their descriptions.
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Table 01. Land use class assigned for this study

Land Use Class Description
Agriculture All types of croplands and farms.
Empty Land Lands not being covered with any feature.
Forest All types of forests.
Oil Palm Oil palm estates.
Rubber Rubber estates.
Urban Human settlements, commercial, industrial, mining areas, construction areas,
transportation, and public services.
Water All types of open waterbodies.

LULC change detection was done to assess the gaps between each land use class of two consecutive
scenes. The extent of change in gain or loss of a land use class was assessed by computing the percentage

of change (A) for each class of two consecutive scenes. The expression goes by:

Percentage of change (A) = (F-I)/I x 100%

where A = percentage of change; F = percentage of cells for the class in the later year; I = percentage of

cells for the class in the earlier year (Dan-Jumbo et al., 2018).

6. Findings

Two major LULC types of JRB in the past few decades were oil palm and forest. The LULC
composition for each year processed in this study are as shown in Table 2. The maps of LULC classification

of each year of study are shown in Figure 2.

Table 02. LULC composition of each year

Land Use Class Year 1984 (%) Year 2002 (%) Year 2015 (%)

Urban 7.19 3.11 5.85
Agriculture 15.83 7.71 5.48
Oil Palm 12.95 56.93 60.93
Rubber 28.06 4.63 1.07
Forest 27.46 22.56 19.72
Water 2.04 3.06 4.15
Empty Land 06.47 2.00 2.80
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Figure 02. Composition of each LULC class of each year in the JRB.
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Figure 03. LULC classification in the JRB by reclassifying the PLANMalaysia maps

Figures 02 and 03 show JRB experienced rapid growth in oil palm industry for the past 31 years.
The oil palm plantation estate expanded for 47.98% from 1984 to 2015, becoming the major income of
agriculture to the state. The expansion of oil palm estates was due to reductions in rubber plantation and
forest. Between 1984 and 2015, agricultural land was reduced 10.35%, rubber estates reduced 26.99% and
forest land reduced 7.74%, however, the reserved forest area at the upper part of JRB remained. Water area
in JRB shown significant increment after the development of Linggui dam in the early 1990s. While for

changes on urban land, it was a special case in JRB where during year 1984, most of the urban lands were
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made up of tin mining areas. As time goes by the mining industry stopped, the mining area turned into oil
palm estates because it generates more income than the mining industry. Seeing from the spatial extent, the
urbanization process can be witnessed in the lower part of JRB, in the phase of the year 2002 to 2015. This
may be due to its location whereby the basin intersects with the Iskandar Malaysia special economic region
that was started since 8th November 2006. The development of Iskandar Malaysia over approximately
2,200 km?2 land in the Johor state boosted the building of human settlements and industrial zones to the
state, which contributed to the increasing urban land in the JRB indirectly. As the development of Iskandar

Malaysia will continue until the year 2025, the sustainability of the urbanization process in the JRB is the

issue that needs to be concerned because of the increasing demand for water resources from the basin.

7. Conclusion

Understanding the spatial and temporal changes in the historical LULC pattern is critical for impact
assessment, town planning, and future LULC simulation. The results show a rapid agricultural expansion
and deforestation in the basin for the past 31 years in the JRB. The findings will be used to simulate the
future LULC pattern of the basin. Future LULC maps will be then incorporated into hydrological models
for simulating future changes of water resources and the hydrological cycle of the basin. Such information
is very important for sustainable integrated river basin management system development. However, due to
national data privacy policies, the land use data applied in this study could not be shared without permission.
Thus, open-source data such as Landsat and Sentinel satellite products could be used as an alternative to

providing more open recent land use data for comparison with historical maps.
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