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Quantitative assessment of past and future tropical forest transition and 
its dynamic to streamflow of the catchment, Malaysia
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The consequences of human interventions on land use have been empirically 
demonstrated to affect substantially hydrological processes and ecosystem ser-
vices within watershed environments. Since 1970, Malaysia has faced defor-
estation, driven mainly by logging and agricultural expansion, aligning with its 
developmental  goals  by  2020.  From 1970  to  2000,  deforestation  led  to  a 
25.5%  decline  in  forested  land,  causing  a  significant  10.2%  rise  in  excess 
runoff. Moreover from 2001 to 2021, the nation lost 17% of its total land to 
deforestation. These trends emphasize the need for a thorough investigation 
of sustainable conservation efforts in Malaysia. This study focuses on the Lan-
gat basin in Malaysia, evaluating past and future land use changes and their ef-
fects on the basin’s hydrological response. The study employed key informant 
reports, population growth data, observed land use change, field survey and 
agricultural land availability considered for developing change scenarios. We 
emphasized the significance of integrating diverse modeling methods to ana-
lyze  LULC  changes  effectively.  The  use  of  a  semi-distributed  hydrological 
model, SWAT, in combination with Markov chain and Multi-Layer Perceptron 
(MLP) model and Geographic Information Systems (GIS) techniques proved to 
be an integrated and suitable tool for comprehensive change analysis and mod-
eling of land use. Markov chain modeling is valuable for predicting land use 
changes over time, providing input scenarios for SWAT simulations. MLP is a 
powerful algorithm to capture non-linear relationships and complex patterns 
in the data, enhancing the modeling accuracy. The simulation results, based on 
historic land use data (1984-2006-2010) and projected future land use maps 
(2030-2050-2080), revealed a consistent pattern of urban expansion and de-
forestation leading to increased streamflow. Projections indicated a substan-
tial rise in streamflow by 20%, 61%, and 71% for the 2030s, 2050s, and 2080s, 
respectively. To mitigate potential flood and sediment loss, it is crucial to in-
volve local stakeholders such as local communities, government bodies, envi-
ronmental organizations, and businesses. Such analysis facilitates understand-
ing their perspectives and concerns regarding afforestation and urban expan-
sion control, informing future development programs and land use planning ef-
fectively.

Keywords: Land Use Conversion, Hydrological Processes, Land Use Scenarios, 
Markov Chain, SWAT

Introduction
Understanding  the  intricate  relationship 

between  forests,  land  use/land  cover 
(LULC) changes,  and their  impact on car-
bon storage capacity (CS) in forest ecosys-
tems  is  crucial  in  the  context  of  tropical 
watersheds.  Forests  play  a  vital  role  in 
combating climate change by storing and 
sequestering  CO2 from  the  atmosphere 
(Kafy et al. 2023a). However, human activi-
ties  such  as  urbanization,  deforestation, 
and poor agricultural practices have signifi-
cantly altered natural LULC patterns world-
wide.  These changes  have profoundly  af-
fected  the  hydrological  regime  of  water-
sheds,  particularly  in  tropical  regions 
where  LULC alterations  significantly  influ-
ence  streamflow  dynamics.  The  assess-
ment of such alterations  poses a substan-
tial  challenge but is  essential  for  the sus-
tainable  watershed management  and the 
mitigation  of  climate-related  impacts  on 

water resources, making it a matter of con-
cern for environmental planners and water 
resources  managers  globally  (Mello  et  al. 
2016, Ajorlo et al. 2013). 

Tropical rainforests are the predominant 
land  cover  in  tropical  regions,  where  the 
high intensity of rainfall is a crucial climatic 
characteristic.  The  conversion  of  tropical 
rainforests  to  agriculture  or  other  land 
uses can significantly impact the water bal-
ance of watersheds. In Malaysia, the forest 
cover has been decreasing since 1990, with 
most of the primary forest being cut down 
for logging purposes and transformed into 
agricultural land such as oil  palm, rubber, 
and rice. This trend is expected to continue 
towards the year 2030, which is the target 
for Malaysia to become a fully developed 
country. In 2012, the Malaysian Second Na-
tional  Communication  (NC2  Project  2012) 
reported  that  the  forest  covered  56%  of 
Malaysia’s total land area in 2000, but the 
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percentage decreased to 55% in 2007, while 
the  rate  of  urbanization  increased  from 
62% in 2000 to 63% in 2005, 63.8% in 2010 
and 75.1% in 2020. Rahaman et al. (2022) an-
alyzed land use changes between 2005 and 
2020 in Penang, Malaysia, reporting a note-
worthy transformation in  the region.  The 
authors found a substantial rise in built-up 
areas that increased by 15.56%. This expan-
sion was concurrent with a decline in for-
est coverage by 5.57%, agricultural land by 
8.41%,  and waterbody by 1.58%.  However, 
the hydrologic effects of land use change 
on water cycle are controversial among re-
searchers.  Bruijnzeel  (2004) stated  that 
when  the  forest  is  converted  to  agricul-
tural  land  use,  land  surface  runoff  and 
streamflow significantly increases. Another 
study conducted by Kafy et al. (2020) ana-
lyzed land use changes from 1999 to 2019 
in  Rajshahi,  Bangladesh.  Projections  for 
2029 and 2039 indicated a 16% increase in 
urban areas, resulting in a reduction of veg-
etation  (19%)  and  water  bodies  (4%),  and 
leading to an average rise of land surface 
temperature by 9.83 °C over the last two 
decades. Furthermore, Kafy et al. (2022) in 
a subsequent research focused on the im-
pact  of  human  pressures  on  the  carbon 
chain and ecosystem resilience in Cumilla, 
Eastern India, during 1994-2019. The expan-
sion  of  urban  areas  significantly  contrib-
utes to the loss of vegetation cover, accel-
erating  carbon  emissions,  increasing  land 
surface  temperature,  and  exacerbating 
global  warming.  These studies emphasize 
the critical  interaction between urban ex-
pansion,  land  use  changes,  and  environ-
mental consequences, highlighting the ur-
gent need for  sustainable urban develop-
ment strategies. In a related study carried 
out  in  Nigeria  between  1991  and  2021, 
Taiwo et al.  (2023) showed an increase in 
built-up areas and bare land by 15% and 14%, 
respectively,  while  vegetation  cover  de-
clined  by  19%.  Projections  for  2031  antici-
pate an 11% reduction in vegetation and a 

19% expansion in built-up areas compared 
to 1991, thus intensifying drought and wa-
ter  shortage.  Abdul  Kader  et  al.  (2012) 
demonstrated that the land use and cover 
in  Malaysia  have  undergone  significant 
changes  due  to  urbanization,  deforesta-
tion,  and  other  activities  that  alter  the 
physical properties of soil  such as infiltra-
tion rate and moisture content. The conse-
quent change of soil surface from porous 
to impervious can affect the seasonal and 
annual  distribution  of  streamflow  in  the 
basins,  according  to  Yasin  et  al.  (2021), 
Ayub et al. (2009) and Shafie et al. (2013).

Kleinhans  &  Gerold  (2004) conducted  a 
study  on  the  effects  of  deforestation  on 
the water balance in a small tropical catch-
ment in Central Sulawesi,  Indonesia.  They 
concluded that deforestation could lead to 
an increase in low water discharge and a 
significant increase in peak flow. They also 
suggested that it is important to consider 
both drying and wetting conditions to thor-
oughly  analyze  the  impact  of  land  use 
change on water resources. In that regard, 
Wang et al. (2023) applied Cellular Autom-
ata-Artificial  Neural  Network (CA-ANN) to 
assess urban growth impact on Land Sur-
face  Temperature  (LST)  and  carbon  stor-
age in Guangzhou from 1989 to 2021. Their 
results showed a 63% rise in urban areas, 
expanding high LST regions by 652 km² and 
reducing carbon storage over this period. 
According  to  Li  et  al.  (2009),  converting 
grassland  into  woodland  could  decrease 
runoff, whereas converting woodland into 
urban  land  could  increase  runoff.  Mao  & 
Cherkauer (2009) investigated the impacts 
of  land  use  change  on  hydrologic  re-
sponses in  the Great Lakes region of  the 
USA. Their findings showed that simulated 
changes  in  land  use  had  spatial  and  sea-
sonal  variations.  Conversion of  deciduous 
forest  to  agricultural  crop land in  central 
areas can lead to a decrease in evapotran-
spiration (ET) by 5-15% and an increase in 
total runoff by 10-30%.

To reduce the negative environmental im-
pact caused by changes in land use, it is im-
portant to develop reliable models that in-
tegrate hydrological and land use data with 
GIS and remote sensing techniques (Kafy 
et al. 2023b). This is essential to accurately 
quantify the impact of such changes on hy-
drological  variables  and  their  frequency 
and magnitude (Agarwal et al. 2002, Zhi et 
al. 2009,  Subedi et al. 2013). The selection 
of the appropriate LULC model is crucial, as 
it can have a significant impact on model-
ing  outcomes,  especially  in  situations 
where land use conversions play a signifi-
cant  role  (El-Khoury  et  al.  2015).  In  this 
study, we analyzed land use changes over 
time and designed various future land use 
scenarios  using  Land  Change  Modeler 
(LCM) and Markov Chain.  Then the semi-
distributed hydrological  model  SWAT was 
used  to  simulate  the  basin’s  hydrology 
based  on  historical  land  use  data  from 
1984-2006-2010 and future land use maps 
for 2030-2050-2080. This research suggest-
ed a  significant  connection between land 
use/land cover change and streamflow of 
the catchment. The study uniquely mapped 
spatiotemporal  changes  in  land  use  and 
their  effects  on  hydrology  of  watershed. 
The use of innovative techniques and ap-
proaches offer valuable tools applicable to 
watershed  of  various  sizes,  enabling  pre-
cise  estimation and projection of  stream-
flow in specific land use.

Materials and methods

Study area
The Langat River basin is  located in the 

western  part  of  Peninsular  Malaysia,  be-
tween o2° 40′ 152″ to 03° 16′ 15″ N and 101° 
19′ 20″ to 102° 01′ 10″ E, covering an area of 
1319  km2 and  with  a  main  river  course 
length of  around 141  km.  The basin  is  di-
vided  into  four  sub-basins  based  on  the 
availability of hydrometric stations (Fig. 1). 
The climate of the study area is classified as 
hot  and  humid  tropical  rainforest,  influ-
enced by two monsoons: North-East (NE) 
monsoon from December to February and 
South-West  (SW)  monsoon  from  May  to 
September.  The  Langat  River  basin  has 
nine major land uses according to the land 
use  map  of  2010,  with  permanent  crops 
and  forests  being  the  dominant  types, 
comprising approximately 70% of the entire 
basin (Juneng et al. 2010, Juahir et al. 2011).

The  area  under  consideration  includes 
forested land with primary and secondary 
rainforest,  as  well  as  national  parks  and 
wildlife reserves that receive high rainfall. 
These  are  followed  by  agricultural  lands, 
which  are  further  divided  into  two  cate-
gories:  permanent  and  short-term  crops. 
Permanent crops are made up of orchards 
and plantations  such as  oil  palm,  rubber, 
coconut, and cocoa, while short-term crops 
include general crops such as sweet pota-
to,  watermelon,  sweet  corn,  and  paddy 
fields  of  varying sizes.  The difference be-
tween the two above categories is based 
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Fig. 1 -  Location of the Langat Basin and hydrometeorological stations used in this 
study.
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on  the  fact  that  annual  crops  undergo  a 
yearly  cycle,  leaving  the  land  barren  for 
part of the year. About 25% of the basin is 
occupied  by  urban  land,  which  encom-
passes  residential,  transportation,  settle-
ment, and industrial areas, as well as horti-
cultural areas cultivated for fruits and veg-
etables, and small villages. Idle grasslands 
are natural grasslands with low productiv-
ity  and poor forage quality  that  are used 
for  communal  livestock  grazing  by  small-
holders. Improved permanent pastures, on 
the other hand, are exploited for commer-
cial  livestock  ranching  by  governmental 
and  private  sectors.  Finally,  the  swamp 
area consists of mangroves, while the wa-
ter body includes rivers, lakes, and marsh-
lands.

The Department of  Irrigation and Drain-
age  (DID)  of  Malaysia  provided  daily 
streamflow  data  from  four  hydrometric 
stations situated in the Dengkil, Kajang, Se-
menyih, and Lui sub-basins for a period of 
26 years from 1980 to 2011. Moreover, the 
Malaysian  Meteorological  Department 
(MMD) provided daily rainfall data from 10 
gauging stations and daily air temperature 
data from 3 gauging stations for the period 
between 1984 to 2010. The data was aggre-
gated to derive the mean monthly,  quar-
terly,  and  annual  (mean,  maximum,  and 
minimum) time series.

Data sources and pre-processing
The Department of Agriculture, Malaysia 

provided three shape file maps of Langat 
River basin for the years 1984, 2006, and 
2010, with a scale of 1:50,000. The choice of 
the maps was driven by the need to estab-
lish a historical trend in land use changes 
from  1984  onwards  and  detected  signifi-
cant changes between 2000 and 2012. No-
tably,  during this  period,  Malaysia  experi-
enced the highest deforestation rate glob-
ally, as reported in a global forest map de-
veloped  in  collaboration  with  Google 
Maps®.  The  availability  of  these  maps  al-
lows for a comprehensive analysis of land 
use changes. In addition, considering pro-
jection of different scenarios for land use 
changes,  this  specific  timeframe  division 
was more appropriate based on our objec-
tives.

To simplify the analysis in LCM, which can-

not handle maps with more than 15 cate-
gories,  the  land  use  subcategories  were 
combined  into  nine  general  categories: 
Forest, Horticultural, Idle Grassland, Short-
term crops, Swamp, Permanent crops, Ani-
mal husbandry, Urban (built-up) areas, and 
Water  bodies.  The  shape  files  were  con-
verted into rasters with a 30 m cell resolu-
tion using ArcGIS®, and then imported into 
IDRISI  for  further  analysis.  The  land  use 
change  in  the  study  area  was  projected 
and simulated using the 2010 land use map 
as the base map.

Land use change analysis and transition 
potentials

The LCM model was used to compare the 
land use maps of 1984 and 2006, as shown 
in  Fig. 2a and Fig. 2b, in order to generate 
the transition probability matrix and transi-
tion areas matrix using the Markov Chain 
module. The LCM model also includes the 
transition  potential  tab  which  produces 
transition potential  maps with acceptable 
accuracy range to perform the actual mod-
eling. The model classifies transitions into 
sub-models and examines the potential ex-
planatory variables. These variables can be 
either  static  or  dynamic,  and  constraints 
may also be applied to limit the expansion 
of  specific  land  uses.  Physical  constraints 
include  water  bodies,  built-up  areas,  and 
road networks, while factors are more flex-
ible and allow to determine the degree of 
suitability from low to high. We developed 
constraints and factor maps based on the 
DEM, aspect, slope, and distance from ma-
jor roads network.

The LCM model uses three algorithms to 
model selected transition variables, namely 
Multi-Layer  Perceptron  (MLP)  neural  net-
work,  SimWeight,  and  logistic  regression. 
Among these, MLP neural network is capa-
ble  of  modeling  complex,  non-linear  rela-
tionships between input variables, making 
them  well-suited  for  capturing  complex 
patterns. Given the intricate nature of land 
use changes and their  impact  on stream-
flow, MLP networks are suited for handling 
such complexities (Zhang & Ma 2018). MLP 
networks are also versatile and can handle 
various types of data, including both quan-
titative and categorical variables. When the 
dataset includes diverse types of land use 

data,  MLP  can  effectively  integrate  and 
process  this  information  (LeCun  et  al. 
2015). MLP also outperforms in pattern re-
cognition and identification of trends and 
correlations within  data. This is particularly 
crucial when studying the dynamic relation-
ships  between  tropical  forest  transitions 
and streamflow in a catchment area (He et 
al.  2016).  Additionally,  MLP  is  endowed 
with  an  automatic  mode  that  does  not 
need user intervention. These characteris-
tics  of  MLP  neural  networks  make  them 
particularly suited for comprehensive anal-
yses in the context of land cover modeling.

Using  the  transition  probability  matrix, 
the  probability  of  changes  in  land  use 
classes  into  other  categories  were  deter-
mined, while the transition areas matrix re-
flected  the  extent  of  land  use  change  in 
simulated  scenarios.  Transitions  and  ex-
changes of land use that had occurred be-
tween different categories during the years 
were obtained. The Markov Chain module 
was used to simulate the land use map of 
2010 based on the produced land use map, 
and this map was used to evaluate the ac-
curacy of LCM model in predicting land use 
changes.  Finally,  the  simulated  land  use 
map of  2010 was compared with the ob-
served land use map of 2010 to validate the 
LCM model.

Validation
To evaluate  the  accuracy  and quality  of 

the LCM model output, the Kappa statistic 
was  used  to  measure  the  agreement  be-
tween the predicted and observed land use 
maps of 2010. Additionally, a cross classifi-
cation  was  performed  to  compare  two 
qualitative maps of different dates and un-
derstand whether the classification assigns 
the same value to each class on both maps 
or  if  there  has  been  a  change  to  a  new 
class. The output is a new map based on all 
the  unique  combinations  of  values  from 
the two maps, and a cross tabulation table 
is  generated  to  analyze  the  results.  This 
method  was  used  to  validate  the  LCM 
model in this study (Islam & Ahmed 2011).

Land use change scenario development
To study the impact of land use and land 

cover  (LULC)  changes  on  streamflow  in 
Langat River, a land use scenario was de-
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Fig. 2 - Land use map of 
2006 (a) and 2010 (b) for 

the Langat River basin.
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veloped.  The  process  of  developing  the 
scenario was influenced by several factors, 
such  as  the  research  objectives,  model 
used,  spatial  scale,  natural  and socio-eco-
nomic  characteristics,  observed  land  use 
change, availability of appropriate land for 
agriculture  and  constraints  of  the  study 
area. To ensure that the scenarios were re-
alistic and aligned with the current trends 
of  LULC  changes  in  Langat  River,  we  re-
ferred  to  several  previous  studies  (Goh 
2000, Mango et al. 2011, Yang et al. 2014).

Two hypothetical  scenarios for  land use 
change (i.e.,  land use projection scenarios 
and land use sensitivity scenario) were de-
veloped in this study. Land use projection 
scenarios are defined to provide probable 
future  changes  to  land  use  and  land  use 
sensitivity scenarios (“what-if”), and were 
developed to quantify the effects of each 
land  use  type  on  hydrological  response. 
The key factor in development of likely fu-
ture projection of land use is the probable 
changes that  may occur in  the future ac-
cording  to  the  observed  changes  in  the 
past.  Based  on  the  rational  assumptions 
and  information  obtained  from  past  and 
current observed changes in land use, the 
likely  future  projection  of  land  use  types 
was developed for 2020, 2050, and 2080.

To develop the land use change sensitiv-
ity scenario, those land use types that ex-
perienced an increase or decrease in their 
total  area  during  the  past  decades  (e.g., 
forestlands,  agricultural  lands  and  built-
up/urban  area)  were  taken  into  account. 
Local observed trend of urban area devel-
opment,  agricultural  land  (mostly  perma-
nent  crops)  and  forestland  conversion 
were considered the key drivers in the de-
velopment of land use sensitivity scenarios 
in this study. This included an analysis of lit-
erature  on  agriculture  and  forest  change 
and  a  comparison  of  land  use  between 
1984, 2006, and 2010 land use maps (Abdul-
lah 2003,  ADB 2009). The first scenario as-
sumed that  observed trends  in  the  basin 
would continue, while the second scenario 
simulated the possible magnitudes of the 
effect of LULC changes on the hydrological 
response in the Langat River basin.

The sensitivity scenarios development for 
land  use  involved  three  land  use  classes: 
forest,  urban,  and agricultural  land,  while 
keeping the other categories constant. Six 
land  use  change  scenarios  were  created 
based  on  the  percentage  of  forest  land 
conversion into agricultural and residential 
areas: (i)  scenario “L” (Low)  – 20% forest 
land converted to agricultural land; (ii) sce-
nario “M” (Medium) – 40% forest land con-
verted to agricultural land and 30% build-up 
area, and 10% residential area; (iii) scenario 
“H” (High)  – 40% of degraded forest land 
allocated  to  agricultural  land  and  20%  to 
residential  area).  Additionally,  three  ex-
treme scenarios were defined for land use 
sensitivity: (iv) scenario “E1” (Extreme-1)  – 
50%  of  forest  land  converted  equally  to 
agricultural and residential areas); (v) sce-
nario  “E2”  (Extreme-2)  – 100%  of  forest 

land  converted  to  agricultural  land);  and 
(vi)  scenario  “E3” (Extreme-3)  – 100% de-
forestation and conversion into residential 
area).  The latter scenarios were based ei-
ther  on  complete  deforestation  of  the 
basin or the replacement of all forest cover 
with agricultural land, including permanent 
and short-term crops, and urban area (Tab. 
S1 in Supplementary material).

Analysing the impact of land use change 
on streamflow

To assess the impact of land use change 
on  hydrological  processes,  SWAT  model 
was used to simulate alternative land use 
distributions, which in turn affected all the 
other processes of the watershed. The im-
pact  of  these  simulations  under  different 
scenarios on streamflow of the catchment 
was then analyzed.

SWAT Model
The  SWAT  hydrological  model  operates 

on daily time intervals and employs a spa-
tially and semi-distributed approach, allow-
ing for continuous simulation based on var-
ious management scenarios (Arnold et al. 
1998,  2012,  Abbaspour et al.  2007).  It  can 
be applied in diverse conditions across ex-
tensive periods within watersheds of vary-
ing complexity, segmented into hydrologi-
cal  response units  (HRUs)  determined by 
factors like elevation, soil composition, and 
land use. Various data and maps including 
DEM,  soil  map,  land  use  maps,  climatic 
(rainfall  and temperature)  and hydrologic 
(streamflow) data are needed to set up the 
SWAT model parameters. Those data were 
used as input for model’s simulation, cali-
bration and validation.

Model calibration and validation
SWAT model involves a large number of 

parameters,  and  the  identification  of  its 
sensitive  parameters  is  necessary  to  im-
prove the calibration efficiency (Abbaspour 
et al. 2007). To this end, sensitivity analysis 
was carried out prior to the model calibra-
tion to determine which parameters mainly 
affect  streamflow  (Adnan  2010).  Twenty-
two  parameters  were  identified  as  major 
drivers  of  streamflow  in  the  watershed 
(Arnold et al. 2011). Afterwards, calibration 
was  carried  out  using  monthly  observed 
streamflow data. The SWAT-CUP software 
(available  at  http://www.2w2e.com/home/ 
SwatCup)  was  used  by  applying  the  Se-
quential  Uncertainty  Fitting (SUFI-2)  algo-
rithm (Abbaspour et al. 2007) integrated in 
the SWAT-Calibration Uncertainty Program 
(CUP). This program makes faster the time-
consuming  calibration  using  standardized 
calibration  operations  (Abbaspour  et  al. 
2007),  linking  GLUE,  Parasol,  SUFI-2  and 
MCMC procedures to SWAT. Among those 
methods,  the  Sequential  Uncertainty  Fit-
ting (SUFI-2) program is frequently utilized 
for calibration and uncertainty analysis (Ab-
baspour  et  al.  2007,  Mango  et  al.  2011, 
Oliveira Serrão et al. 2022).

The  optimization  process  employed  the 

Nash-Sutcliffe coefficient of efficiency (NS) 
as the objective function. The SUFI-2 model 
was run for the 1985-2002 monthly stream-
flow  data  in  combination  with  land  use 
map of 2002 for model calibration, with the 
first  two  years  (1985-1987)  as  a  warm-up 
period.  In  addition,  monthly  observed 
streamflow  data  of  2003-2011  along  with 
land  use  map  of  2010  were  utilized  for 
model validation. After calibrating and vali-
dating  SWAT,  simulations  for  alternative 
land  use  distribution  scenarios  were  con-
ducted. The baseline model was the simu-
lated streamflow for the 2000-2009 decade 
with the land use map of 2010. The impact 
of  these  simulations  under  different  sce-
narios  on  streamflow  were  assessed  by 
simulating  different  projection  scenarios 
for the years 2010, 2030, 2050, and 2080, 
while  keeping  the  climate  variables  con-
stant  for  the  period of  2000-2009.  These 
scenarios included L (Low), M (Medium), H 
(High), E1 (Extreme-1), E2 (Extreme-2), and 
E3 (Extreme-3).

Results

Land use change analysis
Tab.  1 shows  the  changes  in  land  use 

types  between  1984  and  2006,  including 
the area and percentage change. The Lan-
gat  basin  was  dominated  by  permanent 
crop and forest, which made up about 78% 
of the entire basin (90.7% and 65.2% in 1984 
and  2006,  respectively).  The  results  indi-
cate significant changes in land use types in 
the basin over 22 years. In 2006, the area of 
dominant  land  use  types  was  28%  lower 
than in 1984, while the total area of urban 
and  residential  areas  increased  by  880%. 
The  areas  of  animal  husbandry,  forest, 
short-term  and  permanent  crops  de-
creased notably  between 1984 and 2006, 
with  the  area  of  permanent  crop  being 
48.5% lower in 2006 than in 1984 (Tab. 1). 
Overall, increasing and decreasing trend in 
land use types in the Langat Basin during 
the  study  period showed a  significant  in-
crease of the urban area, while a decreas-
ing trends was detected in the area of for-
est land, permanent and short-term crops, 
and  animal  husbandry  (Fig.  S1  in  Supple-
mentary material).

Land use change detection
The use of  LCM has enabled the detec-

tion of changes in land use based on the 
gains and losses of various categories. The 
study  found  that  forest  land,  permanent 
crops,  short-term  crops,  and  animal  hus-
bandry experienced losses in their respec-
tive areas between 1984 and 2006 in the 
Langat River basin. Conversely, other cate-
gories such as urban areas, grassland, hor-
ticultural  land,  and  water  bodies  have 
shown an increase during the same period. 
Specifically, permanent crops have experi-
enced a net loss of 40.22%, with 57.39% be-
ing lost and 17.7% being gained. Meanwhile, 
urban areas have undergone a net increase 
of 62.32%, with a loss of 30.56% and a gain 
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of 92.92% between 1984 and 2006 (Tab. S2 
in Supplementary material).

During the period of  study (1984-2006), 
the urban area had the most significant in-
crease in its overall area. To determine the 
contribution of  other  land use categories 
to  this  net  change,  the  percentages  of 
each  land  use  class  converted  to  urban 
area were calculated. Permanent crop ac-
counted  for  the  majority  of  the  total  in-
crease in urban area (81.5%), which repre-
sented  approximately  18.4%  of  the  entire 
study  area.  Forest  land  was  the  second 
most  frequently  converted land use class 
to urban area (13%) during the same period 
in  the  Langat  Basin.  In  addition,  horticul-
tural  land (1.1%),  idle grassland (1.5%),  and 
other  land  use  types  were  also  partially 
converted to urban and residential  areas. 
The findings also indicated that urban area 
predominantly  emerged  on  permanent 
crop areas (81.5%), followed by forest land 
(13.34%).  In  other  words,  about  73.79% of 
the total  converted permanent  crop land 
was transformed into urban area (Tab. S3 
and Fig. S2 in Supplementary material).

Land use change prediction
The state of land use in the future (time 

t2) can be predicted by modeling, based on 
the previous state of land use (time t1) us-
ing a Markov chain. The Markov chain uses 
a transition probabilities matrix to simulate 
the change from the current state to the 
next  state.  Essentially,  predicting  future 
land use is solely based on the preceding 
state of land use, and the probabilities ma-
trix serves as a basis to create a future land 
use map. To predict the land use of 2010 in 
the  Langat  Basin,  a  Markov  analysis  was 
conducted using land use maps from 1984-
2006. This generated a transition probabil-
ity  matrix,  a  transition  area  matrix,  and 
nine conditional  probability  maps by ana-
lyzing two qualitative land use maps from 
1984 and 2006.  The transition  probability 
matrix shows the probability of each land 
use category changing to every other land 
use category in the projected land use map 
of 2010, with rows representing older land 
use  categories  and  columns  representing 
newer categories.

The transition area matrix shows the ex-

pected  number  of  cells  that  will  change 
from one land use category to another in 
2010. This matrix was created by multiply-
ing each column in the transition probabil-
ity matrix by the number of cells of the cor-
responding land use type in the 2006 land 
use map. The prediction of the 2010 land 
use was accomplished using an MLP neural 
network and 1000 iterations were used to 
run the data for all conversion types. A vis-
ual  comparison  of  the  existing  land  use 
map with the predicted land use map (Fig. 
S3 in Supplementary material) shows that 
they are similar, but accuracy assessment is 
needed to confirm this (Baysal 2013).

The probability  of  forest  land remaining 
as forest area in 2010 is high, with a proba-
bility of 90.5% which indicates stability. Sim-
ilarly, the probability of urban area remain-
ing as urban is 79.5% for the same period. 
There  is  a  30%  probability  of  permanent 
crop,  12%  probability  of  swamp,  and  19% 
probability of animal husbandry being con-
verted to urban areas. Additionally, forest 
land is expected to have a 3.9% probability 
of changing to permanent crops and a 3.2% 
probability of changing to urban areas. The 
probability of short-term crops changing to 
horticultural  land,  grassland  and  perma-
nent crops is 26%, 37% and 33%, respectively 
(Fig. S3, Tab. S4 – Supplementary material).

Accuracy assessment
To  determine  the  accuracy  of  the  pre-

dicted  land  use  map  of  2010  generated 
from the Markov Chain, a comparison was 
made  between  this  map  and  the  docu-
mented  (existing)  map  of  2010,  which 
served as a reference map. The goal was to 
assess the accuracy of each class. The com-
parison resulted in an overall Kappa index 
of  agreement  (KIA)  of  0.82,  indicating  a 
high level of agreement between the pre-
dicted and documented land use maps of 
2010 (Rahman et al. 2015). Based on this, a 
high-accuracy  land  use  map  of  2010  was 
created (Tab. 2).

The CROSSTAB module was used to cre-
ate an error matrix for the land use maps 
of  2010  (predicted  and  documented)  to 
evaluate the prediction accuracy (Tab. S5 in 
Supplementary material). The overall accu-
racy  between  land  use  categories  in  the 

predicted map and the reference map was 
found to be 49%. The lowest producer’s ac-
curacy  was  observed  for  the  animal  hus-
bandry class at 10.75%, which may be due 
to some sites being identified as urban ar-
eas in the reference map. The highest pro-
ducer’s  accuracy  was  for  the  forest  land 
class  at  94.83%,  followed  by  permanent 
crop area at 90%, and urban area at 78.68%.

Projections of future land use
As the Markov Chain model yielded satis-

factory  outcomes  with  great  accuracy,  it 
was employed to predict the forthcoming 
land use changes for the years 2030, 2050, 
and 2080 (Fig. S4 in Supplementary mate-
rial). To generate future land use maps, the 
Markov Chain model was utilized. The iden-
tical procedures followed in simulating the 
land use  maps  of  2010  were  repeated to 
forecast the maps of future scenarios. The 
initial  land  use  maps  for  the  prediction 
were the 1984 and 2006 land use maps.

Following  the  projection  of  land  use 
maps, an analysis was conducted to exam-
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Tab. 1 - Summary statistic of land use change between 1984 and 2006 in the Langat basin.

Land Use Class
Year 1984 Year 2006 Changes 1984-2006

area (ha) % of watershed area (ha) % of watershed area (ha) %

Animal Husbandry 658.65 0.53 249.49 0.20 -409.16 -62.12

Forest land 51587.31 40.80 49281.52 39.53 -1586.75 -3.12

Horticulture Land 1738.94 1.39 5032.19 4.04 3293.25 189.38

Idle Grassland 2499.88 2.01 4041.72 3.24 1541.84 61.68

Short-term crops 2168.06 1.74 676.11 0.54 -1491.94 -68.81

Swamp 933.09 0.75 997.96 0.80 64.87 6.95

Permanent crops 62152.65 49.86 31981.97 25.65 -30170.68 -48.54

Urban area 3086.18 2.48 30247.49 24.27 27161.31 880.08

Water bodies 558.85 0.45 2155.58 1.73 1596.73 285.71

Tab. 2 - Value of Kappa index of agree-
ment (KIA) for the comparison of docu-
mented and predicted land use map of 
2010  in  the  Langat  River  basin.  Kappa 
for  no  information  (Kno)  was  0.8609; 
Kappa for grid-cell level location (K Lo-
cation) was 0.8704; Kappa for stratum-
level  location  (K  Location  Strata)  was 
0.8704;  and  overall  KIA  (K  standard) 
was 0.8266.

Land use category KIA

Animal husbandry area 0.1257

Forest land 0.9246

Horticultural land 0.8229

Idle grassland 0.5893

Short term crops 0.2654

Swamp 0.8716

Permanent crops 0.7705

Urban area 0.8944

Water body 0.8370

Overall 0.8266
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ine changes in each land use category be-
tween 2010 and 2030, 2050, and 2080. The 
results of this analysis are presented in Tab.
3,  which  illustrate  the  transitions  and 
changes in land use categories in terms of 
gains and losses (see also Fig. S5). The pro-
jected maps indicate significant transitions 
and  changes  among  different  land  uses 
throughout the simulation period, particu-
larly among urban areas, permanent crops, 
and forest  land.  Tab.  3 provides statistics 
regarding the land use projections for each 
of the three simulated years. A comparison 
of the percentages of land use categories 
between 2010 and the simulated years re-
veal dramatic changes in the areas of dif-
ferent classes.

Our results indicate that there will be sig-
nificant changes in the Langat Basin’s land 
use categories from 2010 to 2030. The ur-
ban area is projected to have the highest 
increase (41.6%), followed by water bodies 
(86%). Although the percentage change in 
water bodies is higher than that of urban 
areas,  it  is  important  to  note  that  water 
bodies  only  account  for  a  small  portion 
(1.7%) of the total land area in the Langat 
Basin. Therefore, the percentage change in 
the urban area is more important, despite 

its lower value compared to water bodies. 
Conversely, the area of permanent crops is 
projected  to  have  the  highest  decrease 
(43.7%), followed by forestland (3.8%).

According to the results reported in  Tab.
3, the Langat Basin is expected to experi-
ence a significant increase in land use cate-
gories by 2050, with the conversion of per-
manent  crops  and  forest  land  areas  con-
tributing  the  most  to  this  increase.  The 
largest increases in land use types are ex-
pected in water bodies (90.5%), animal hus-
bandry  (56.9%),  and  urban  areas  (44.9%). 
Conversely,  the  largest  decreases  in  land 
use categories are expected in permanent 
cropland (43.4%) and forestland (7.3%). The 
results for 2080 show similar trends in land 
use changes compared to those in 2050, in-
dicating  that  there  may be no significant 
changes  in  these  land  use  categories  be-
tween 2050 and 2080. The highest increas-
ing change in land use types of the Langat 
Basin is expected to occur in water bodies 
(90.6%),  followed  by  animal  husbandry 
(59.5%) and urban areas (45.2%), while the 
highest decreasing change will  take place 
in permanent crops (43.3%) and forestland 
(7.6%). Fig. S5 (Supplementary material) re-
ports in detail the gains and losses for each 

land  use  category  concerning  other  land 
uses between 2010 and 2030, as well as be-
tween 2050 and 2080.

Land use scenarios
To analyze how changes in land use and 

land cover affect the flow of Langat River, 
different  scenarios  of  land  use  were  cre-
ated and examined. These scenarios were 
designed  by  modifying  the  land  cover  to 
study the impact of forest cover on the dis-
charge  of  the  Langat  Basin.  In  order  to 
achieve this, the current land use activities 
in the basin were taken into account, and 
the effects of these activities on land use 
changes  relative  to  the  land  use  in  2006 
(which serves as the baseline for the con-
trol run) were examined. Scenarios E1, E2, 
and E3 involved replacing all of the existing 
forest  cover  with  agriculture,  urban,  or 
both, to simulate a situation where there is 
no forest cover left in the watershed.

As mentioned earlier, the Langat Basin is 
currently  experiencing  massive  land  use 
changes, mainly in agricultural land (includ-
ing short-term and permanent  crops),  ur-
ban areas,  and forestland.  Therefore,  the 
scenarios  developed for  this  study  aimed 
to reflect these ongoing trends in land use 
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Tab. 3 - Changes in the area of land use categories between 2010 and 2030, 2050, 2080 in the Langat Basin.

Year Land Use Category
Year 2010 Projection Changes

area (ha) % of watershed area (ha) % of watershed Area (ha) (%)

2030 Animal husbandry 197.09 0.16 259.47 0.21 62.38 31.65

Forest land 47879.39 38.41 46058.13 36.95 -1821.26 -3.80

Horticultural land 5431.37 4.36 6419.35 5.15 987.98 18.19

Idle grassland 4428.46 3.55 4438.41 3.56 9.95 0.22

Short term crops 616.23 0.49 825.81 0.66 209.58 34.01

Swamp 878.20 0.70 1167.61 0.94 289.41 32.95

Permanent crops 32643.11 26.18 18352.40 14.72 -14290.71 -43.78

Urban area 30427.65 24.41 43099.19 34.57 12671.54 41.64

Water body 2163.06 1.74 4044.21 3.24 1881.15 86.97

2050 Animal husbandry 197.09 0.16 309.3661 0.25 112.28 56.97

Forest land 47879.39 38.41 44374.08 35.59 -3505.31 -7.32

Horticultural land 5431.37 4.36 6658.856 5.34 1227.49 22.60

Idle grassland 4428.46 3.55 4568.14 3.66 139.68 3.15

Short term crops 616.23 0.49 853.2517 0.68 237.02 38.46

Swamp 878.20 0.70 1187.567 0.95 309.37 35.23

Permanent crops 32643.11 26.18 18477.14 14.82 -14165.97 -43.40

Urban area 30427.65 24.41 44114.61 35.39 13686.96 44.98

Water body 2163.06 1.74 4121.555 3.31 1958.49 90.54

2080 Animal husbandry 197.09 0.16 314.35 0.25 117.27 59.50

Forest land 47879.39 38.41 44201.93 35.46 -3677.46 -7.68

Horticultural land 5431.37 4.36 6691.29 5.37 1259.92 23.20

Idle grassland 4428.46 3.55 4585.604 3.68 157.14 3.55

Short term crops 616.23 0.49 850.7568 0.68 234.53 38.06

Swamp 878.20 0.70 1195.051 0.96 316.85 36.08

Permanent crops 32643.11 26.18 18494.6 14.84 -14148.51 -43.34

Urban area 30427.65 24.41 44206.92 35.46 13779.27 45.29

Water body 2163.06 1.74 4124.05 3.31 1960.99 90.66
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conversions in  the basin.  The reasons for 
selecting these scenarios are explained be-
low.

In the past decades and earlier, land use 
change  has  been  recorded  in  the  Langat 
Basin.  The trend was the replacement of 
forest  land  with  agriculture,  particularly 
rubber  and  mixed-agriculture.  This  was 
done under  the  country’s  agricultural  de-
velopment program in the early 1960s. In 
the same years or even earlier, large tracts 
of  forest  were used to tin  extraction.  By 
the early 1970s, vast areas of forest were 
cleared  for  oil  palm  plantations.  In  the 
1990s, the country began urbanization and 
industrialization, leading to the clearing of 
large  forest  areas  for  industrial  and  resi-
dential development. According to  Shaha-
rudin et al.  (2002) and  Krishnapillay et al. 
(2007), the forest cover has decreased due 
to these activities. The ADB (2009) report-
ed that Southeast Asia’s primary forest had 
decreased by approximately 27% between 
1990  and  2005  due  to  forest  conversion 
into agricultural areas. It predicts a growth 
in Malaysia’s agricultural area in the future, 
reaching  4.92  million  hectares  in  East 
Malaysia by 2030. However, the availability 
of  suitable  land  for  new  oil  palm  planta-
tions  is  limited  due  to  past  land  conver-
sions. Despite this, the population of Mal-
aysia is expected to increase from 28.4 mil-
lion in 2010 to 40.6 million in 2030 (WECAM 
2013),  requiring  more  forest  areas  to  be 
transformed into agricultural land to meet 
the growing demand for food. Additionally, 
industrialization and urbanization are cur-
rently taking place in Malaysia, particularly 
along the western coast of the peninsula, 
which will also lead to more forests being 
converted  into  built-up  areas.  Ultimately, 

the land use/land cover changes of the Lan-
gat basin were produced based on the land 
use  change  scenarios  created  for  the  fu-
ture  (Fig.  S6  in  Supplementary  material). 
The resulting the area and percentage of 
each land use category in the Langat basin 
for all six scenarios are presented in Tab. 4.

Impact of land use change on 
streamflow

Various studies  have reported that  rain-
fall-runoff  relationships  are  influenced  by 
different land use patterns. The reduction 
of forest cover and the expansion of built-
up areas are examples of land use changes 
that can affect the quantity and quality of 
water resources. Such changes often result 
in an increase in surface runoff and stream-
flow (Kim et al. 2013, Serpa et al. 2015).

Sensitivity analysis, calibration and 
validation

The  result  of  sensitivity  analysis  proce-
dure  showed  that  CN2  (soil  conservation 
service  curve  number),  SLSUBBSN  (Aver-
age slope length), ESCO (Soil evaporation 
compensation factor), SOL_AWC (available 
water capacity of the soil layer), ALPHA_BF 
(maximum canopy storage - CANMX, base-
flow alpha factor), GW_DELAY (Groundwa-
ter delay time), GWQMN (threshold depth 
of water in the shallow aquifer required for 
return  flow  to  occur),  and  OV_N  (Man-
ning’s  “n” value  for  overland flow) were 
more sensitive  parameters  to  streamflow 
changes than other parameters. Therefore, 
these eight important parameters were se-
lected  for  model  calibration  and  parame-
terization process in the Langat watershed.

The SWAT model was calibrated well  to 
the observed monthly streamflow. The re-

sult  of  observed  and  simulated  monthly 
streamflow displays an R2 value of  0.842. 
The  observed  and  simulated  monthly 
streamflow  during  the  calibration  period 
(1985-2002) were 7.88 and 7.98 m3 s-1,  re-
spectively. The NSE and R2 for the calibra-
tion  period  were  0.80  and  0.82,  respec-
tively.

The  result  of  validation  showed  an  R2 

value of 0.789 for the relationship between 
observed  and  simulated  monthly  stream-
flow. The recorded and simulated average-
monthly streamflow during the validation 
period (2003-2011) were 10.70 and 9.85  m3 

s-1, respectively. The comparison of month-
ly measured and simulated streamflow ex-
hibits that the SWAT model can well simu-
late the streamflow during both calibration 
and  validation  periods.  Both  NSE  and  R2 

were 0.74 for the validation period.
The  Fig. 3 and  Fig. 4 show the observed 

and simulated monthly streamflow due to 
future land use change in the Langat River 
basin.  For  this  analysis,  the  climatic  vari-
ables  of  temperature  and  precipitation 
from 2000 to 2009, along with the land use 
in 2010, were used as the baseline period. 
The sensitivity of streamflow to future pro-
jected land use changes (2030, 2050, 2080, 
Low,  Medium,  High,  E1,  E2,  and  E3)  was 
simulated while keeping the climatic  vari-
ables constant (Fig. 3, Fig. 4).

Fig.  3a  shows  that  the  mean  monthly 
streamflow in the Langat basin is expected 
to increase due to land use change, as com-
pared to the baseline (2010) scenario, as in-
dicated by the comparison of different land 
use change scenarios. The increase is main-
ly  observed  in  peak  flow,  low  flow,  and 
flow volume, while the effect on low flow 
is less prominent than that on peak flow. 
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Tab. 4 - Areal coverage of land use (in ha) and percentages (in brackets) in the Langat basin under different scenarios of future land 
use change. (L): low; (M): medium; (H): high; (E1): extreme-1; (E2): extreme-1; (E3): extreme-3.

Land use category Observed
Scenario (in ha, % in brackets)

L M H E1 E2 E3

Animal husbandry 249.49 
(0.2)

249.49 
(0.2)

249.48 
(0.02)

249.49 
(0.2)

249.48 
(0.2)

249.49 
(0.2)

249.49 
(0.2)

Forest land 49640.78 
(39.59)

39726.1 
(31.68)

30175.67 
(24.07)

20121.27 
(16.05)

0 
(0)

0
(0)

0
(0)

Horticulture 5032.19 
(4.01)

8245.6 
(6.58)

9774.971 
(7.8)

11740.94 
(9.36)

13443.93 
(10.72)

21867.12 
(17.44)

5034.68 
(4.02)

Idle grassland 4041.72 
(3.22)

4041.72 
(3.22)

4041.718 
(3.22)

4041.72 
(3.22)

4041.72 
(3.22)

4041.72 
(3.22)

4041.72 
(3.22)

Short term crops 678.61 
(0.54)

681.11 
(0.54)

676.1146 
(0.54)

676.11 
(0.54)

677.29 
(0.54)

686.13 
(0.55)

676.11 
(0.54)

Swamp 1012.92 
(0.81)

1012.92 
(0.81)

1012.924 
(0.81)

1012.92 
(0.81)

1012.41 
(0.81)

1062.65 
(0.85)

1012.92 
(0.81)

Permanent crops 32189.04 
(25.67)

38890.3 
(31.02)

41949.04
(33.46)

45075.14
(35.95)

48546.13
(38.72)

64940.16 
(51.79)

32184.06
(25.67)

Urban area 30380.25 
(24.23)

30380.2 
(24.23)

35347.57 
(28.19)

40309.91 
(32.15)

55256.54 
(44.07)

30380.24 
(24.23)

80028.53 
(63.83)

Water body 2153.58 
(1.72)

2153.09 
(1.72)

2153.088 
(1.72)

2153.09 
(1.72)

2153.09 
(1.72)

2153.09 
(1.72)

2153.09 
(1.72)

Total 125380.6 
(100)

125380.6 
(100)

125380.6 
(100)

125380.6 
(100)

125380.6 
(100)

125380.6 
(100)

125380.6 
(100)
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The hydrograph exhibits a time-dependent 
pattern with the rising limb aligning with 
the wet  season (middle  of  September to 
April)  and the recession limb correspond-
ing to the dry season (May to September). 
The highest increase in streamflow is pre-
dicted  in  November,  while  the  lowest  in 
July. The simulated streamflow for the dry 
season is similar to the observed flow, but 
there  is  a  noticeable  difference  between 
the  observed  and  simulated  flows  in  the 
wet  season.  In  conclusion,  the  impact  of 
land use change on streamflow is expected 

to be more significant  in  the wet  season 
than in the dry season in the future.

The impact of land use change on stream-
flow is shown in Fig. 3, which indicated that 
the  change  in  land  use  scenarios  (2030, 
2050, and 2080) only affected the magni-
tude of streamflow. The intensive anthro-
pogenic  activities  that  occurred since the 
1980s,  such  as  deforestation  for  agricul-
tural and built-up areas, were responsible 
for the increase in streamflow (Abdul Kad-
er et al. 2012). However, the expansion of 
impervious  and  concrete  areas  for  indus-

trial  and residential  purposes, rather than 
agricultural area expansion, played a more 
significant role in this increase. The reduc-
tion  in  pervious  lands,  such  as  cultivated 
and  natural  vegetation  cover,  leads  to 
greater runoff due to lower soil infiltration 
rates  and lower potential  evapotranspira-
tion. Serpa et al. (2015) also stated that un-
der  projected  land  use  changes,  an  in-
crease  in  impervious  area  can  lead  to 
higher  runoff  and  lower  potential  evapo-
transpiration, which in turn leads to an in-
crease in streamflow. This means that de-
forestation can have a negative impact on 
the amount of rainfall absorbed by the can-
opy cover and used in the evapotranspira-
tion process.

The  results  of  simulation  for  monthly 
streamflow under all land use change sce-
narios  shows  an  increase  in  flow  (as  de-
picted in  Fig. 4), but the percent changes 
were  different  relative  to  the  recorded 
streamflow (see  Fig. 5 and  Tab. 5). For in-
stance, in the low scenario (S-Low), 2860 
ha of forestland, equivalent to 7.3% of the 
basin  area,  was  converted  to  agricultural 
land use. This resulted in a 43.5% increase in 
monthly  streamflow on average annually, 
with the highest increase occurring in Sep-
tember (94.5%) and the lowest increase in 
February and December (6.5%). In the me-
dium scenario (S-Med), approximately 7174 
ha of forestland, equivalent to 18.3% of the 
watershed  total  area,  was  converted  to 
other land use types,  with 30% becoming 
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Fig. 3 - Sensitivity of monthly streamflow for projected land use 
change impact (a) with difference change in each type of land 
use (b) and the percent of existed landuse in the study area (c).

Fig. 4 - Simulation of monthly streamflow for future land use 
change scenarios (a), with percent change in each type of land 
use (b) and the percent of existed land use in basin (c).

Fig. 5 - Percent of change in monthly streamflow for future land use change scenarios 
compared with observed streamflow.
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agricultural land and 10% transforming into 
urban  areas.  The  monthly  flow  increased 
by 132% on average annually, with the high-
est  increase  in  September  (211%)  and  the 
lowest increase in December (8.6%). Under 
the high scenario (S-High), about 12,332 ha 
of  forestland,  equivalent  to  31.4%  of  the 
basin area, was transformed to other land 
use types, with 40% becoming agricultural 
land and 20% transforming into  urban ar-
eas.  The monthly  flow increased by  234% 
on average annually,  with  the  highest  in-
crease occurring in July (354%) and the low-
est increase in December (75.3%).

Fig. 5 displays the percentage change in 
streamflow for each scenario, demonstrat-
ing that the monthly streamflow rates fol-
low  a  consistent  pattern.  The  largest  in-
creases in both peak flow and volume were 
observed in  the  scenario  E3  (extreme 3), 
with  the  E1  and  E2  scenarios  showing 
slightly lower increases.  Notably,  changes 
in flow volume were less significant com-
pared to peak flow. In other words, the in-
crease in peak flow was more pronounced 
than the increase in flow volume.

To summarize, our findings indicate that 
the  decrease  in  forest  coverage  and  in-
crease in built-up areas have a substantial 
influence on streamflow, with changes in 
agricultural land being less impactful.  The 
three  scenarios  analyzed  all  indicated  a 
quick rate of land use change projected for 
the 2030s.

Our models predicted that the urban area 
in  the  Langat  basin  could  continue to  in-
crease in the 2080s,  while the rate of  in-
crease in forest and agricultural land could 
be less than in the 2030s and 2050s. As a 
result, the streamflow in the Langat basin 
in the 2080s could be much higher than in 
the earlier periods. This suggests that poli-
cymakers should carefully  consider future 
built-up  development  in  the  Langat  River 
basin to prevent an increase in flooding po-
tential due to land use conversion.

The  predicted  increase  in  urban  areas, 
coupled with slower growth rates in forest 
and agricultural  lands,  indicates a shifting 
landscape  in  the  Langat  basin.  These 
changes are critical to address due to their 
potential influence on streamflow and con-
sequently, flooding risks. The methodology 
and predictions in this study are grounded 
in robust data analysis and modeling tech-
niques,  making  the  findings  reliable  and 
valuable for future planning.

Discussion
The Langat  Basin  has  undergone signifi-

cant changes in land use, particularly in the 
built-up and urban areas which have seen a 
considerable increase in residential, indus-
trial,  and other developments.  This  trans-
formation  has  occurred  as  a  result  of 
changes in forest and agricultural land use. 
The conversion of forest land into agricul-
ture has been a common trend in the Lan-
gat Basin since the early 1960s, with most 
of the forests being converted into agricul-
tural land for rubber and mixed-agriculture 

under  the  country’s  agricultural  develop-
ment program. Furthermore, in recent de-
cades, almost 60% of the agricultural land 
has been converted into built-up areas, and 
this trend is expected to continue in the fu-
ture.

To assess current land use patterns and 
project future changes for sustainable de-
velopment,  decision  makers  require  de-
tailed maps.  However,  modeling land use 
changes is challenging, especially in rapidly 
growing  areas,  as  many  socio-economic 
drivers must be considered. Therefore, we 
made assumptions about certain constant 
drivers to develop and apply different land 
use  change  scenarios,  which  covered  a 
broad  range  of  possibilities.  The  existing 
trends  were  used  as  the  primary  drivers, 
and the data was deemed sufficiently suit-
able for this context. Such research is ben-
eficial for designing the city’s urban form in 
a planned manner and highlights the need 
for sustainable urban planning,  emphasiz-
ing the importance of considering the im-
pact on hydrological systems and potential 
flooding risks.

The examination of land use change sce-
narios  yielded  some  interesting  findings. 
The  upstream  area  of  the  Langat  water-
shed showed the least amount of forest-to-
agricultural  land conversion based on the 
land use  change map.  This  suggests  that 
land use change may have a greater impact 
on  hydrological  response  in  downstream 
areas  than  changes  in  rainfall.  The  2030s 
scenario showed that the reduction of for-
est and its conversion to urban and agricul-
tural land had a greater impact on stream-
flow than changes in rainfall and tempera-
ture.  The  sensitivity  analysis  of  land  use 
scenarios investigated the impact of differ-
ent  land  use  types  on  hydrological  pro-
cesses in the basin. The transformation of 
forest into urban land was found to have 
the most significant effect on streamflow, 
followed  by  the  transformation  of  forest 
into urban and agricultural land combined. 
It  is  important  to  note  that  forest  cover 
plays  a  critical  role  in  reducing  surface 
runoff through increased rainfall transpira-

tion  and  interception  compared  to  crop 
land, thanks to a greater leaf coverage and 
deeper  root  systems that  allow for  more 
rainfall  to be absorbed into deep soil  lay-
ers. Conversely, urban areas have high sur-
face runoff due to the high proportion of 
impervious  surfaces,  which  results  in  a 
smaller amount of rainfall being absorbed 
into the soil layers. 

Various models have been introduced to 
forecast spatial land use changes, such as 
What-if and LULC software, which are con-
sidered  suitable  and  reliable.  However, 
these  models  require  extensive  datasets 
on topography, physical restrictions of the 
study area, population growth projections, 
estimates  of  residential  demand,  residen-
tial  density,  and residential  vacancy rates. 
These  models  are  not  appropriate,  espe-
cially  for  developing  countries,  due  to  a 
lack of data. Therefore, the LCM model in 
IDRISI software was utilized in this study to 
predict land use maps for 2030, 2050, and 
2080, as well as to design land use change 
scenarios for the Langat basin.  The study 
focused  on  three  land  use  categories, 
which  included  a  reduction  in  forested 
area, an increase in urban area, and an in-
crease  in  agricultural  land.  The  scenarios 
were  chosen  based  on  previous  analyses 
showing that these three types of land use 
dominated the study area. However, using 
different scenarios may provide policy mak-
ers with a better understanding of the po-
tential changes to the catchment’s natural 
behavior, and the extent and impact of fu-
ture land use changes on streamflow. By 
analyzing  past  land  use  trends,  we  may 
also  gain  better  insights  into  future  land 
use  patterns.  While  this  study  demon-
strated how land use changes can impact 
streamflow in the Langat basin, it is impor-
tant to note that the models do not predict 
actual streamflow amounts. Rather, the re-
sults  provide  decision  makers  with  guid-
ance on the types of data and information 
required for  effective water management 
and land use planning, with some level of 
uncertainty  in  the  projections.  Moreover, 
given the predicted increase in streamflow, 
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Tab. 5 - Simulated monthly streamflow (m3/s) for future land use change scenarios.

Month Observed S-Low S-Med S-High S-Extreme 1 S-Extreme 2 S-Extreme 3

Jan 3.62 3.99 6.40 9.34 8.17 5.97 12.51

Feb 3.97 4.23 7.98 11.32 10.83 6.61 14.36

Mar 3.99 6.47 11.79 16.46 15.47 10.87 21.67

Apr 8.92 13.34 20.99 26.13 25.46 19.60 34.12

May 2.91 4.69 7.91 11.95 10.11 8.17 17.45

Jun 2.70 4.69 7.81 12.09 10.91 7.26 16.65

Jul 1.86 2.68 4.88 8.45 7.39 4.76 12.16

Aug 4.43 4.97 7.73 11.98 12.20 7.44 16.84

Sep 4.15 8.08 12.92 17.45 16.21 12.72 22.74

Oct 5.84 9.79 15.05 19.75 19.25 14.46 26.55

Nov 10.60 14.28 21.36 26.37 26.40 20.94 34.86

Dec 5.43 5.78 5.90 9.52 8.36 6.22 13.68 iF
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the  findings  align  with  global  concerns 
about climate change and its impact on hy-
drological  patterns.  Malaysia,  like  many 
other  countries,  faces  the  challenge  of 
adapting  to  changing  climate  conditions. 
Stakeholders and decision-makers can use 
land use scenario techniques to plan and 
develop future land use and assess the re-
sulting hydrological impacts. Policymakers 
can  also  use  appropriate  adaptive  strate-
gies  to  reduce  risks  associated  with  in-
creased  streamflow  and  flooding  poten-
tials. 

As  water  resources  become  more  vari-
able due to changing land use patterns and 
climate, policymakers can use the outcome 
of this research to implement adaptive wa-
ter  management  strategies.  These  strate-
gies  could  include  the  development  of 
reservoirs,  groundwater  recharge  initia-
tives,  and  improved  flood  control  mea-
sures.
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