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It is undeniable that climate and land use changes affect the major components 
of hydrological cycle such as streamflow and water availability in river basins. 
However, the magnitude and contributions of their effects are still uncertain. It is 
highly required to study the individual and combined impacts of changes in 
climate and land use on streamflow and consequently flood vulnerability in 
tropical river basins particularly those basins which experience rapid changes in 
land use. Langat River basin which experiences flooding as a response to both 
climate variability and rapid urbanization and industrialization was chosen to 
investigate the hydrological responses of the basin to both factors. This research 
aimed to evaluate past and probable future environmental changes and their 
effects on the hydrological response of the Hulu Langat river basin. More 
specifically the study provides a framework to analyze the historic trends of major 
hydro-climatic variables as secondary data including rainfall, temperature and 
streamflow (1984-2010) and land cover changes (land use maps of 1984-2006-
2008) and also to quantify their individual and combined impacts on streamflow 
through designed scenarios of different combinations of land use and climate 
conditions. The trends of historical time series of temperature, rainfall and 
streamflow were determined with the Mann-Kendall method. The study applied 
the semi-distributed hydrological model, SWAT, and calibrated and validated 
against observed streamflow using SWAT-CUP (SUFI-2). The land use/land 
cover changes were examined using LCM model and future land use change 
scenarios were developed using the combination of Markov chain and Multi-
Layer Perceptron (MLP_Markov) model. The climate change scenarios were 
based on the combination of one RCM (PRECIS) and stochastic weather 
generator (LARS-WG). To this end, the daily temperature and precipitation 
projection of A1B emission scenario by the PRECIS model and A2, B1 emission 
scenarios by LARS-WG for 2020s, 2050s and 2080s were superimposed in the 
calibrated SWAT model. Annual streamflow in three stations (F1, F2, and F4) 
out of four exhibited significant increasing trend at α = 0.01 significance level. 
The annual streamflow had been significantly increasing at the rate of 0.036, 
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0.023 and 0.001 ×103 m3/year in those stations, respectively, from 1980 to 2010. 
Seasonal streamflow showed significant increasing trend in the upper part of 
basin in all seasons. Significant increasing trend for monthly streamflow was 
detected for January and August, but insignificant trends were found in May, 
September and November in all hydrological stations. Streamflow was primarily 
correlated to rainfall (P<0.05). Land use change analysis indicated that forest 
cover, short-term crops and permanent crops were notably decreased from 1984 
to 2006. The area of permanent crop and forest area in 2006 was 48.5 % and 
3.1% lower than that in 1984, respectively, but the built-up and residential areas 
were increased distinctly. The simulation results of the hydrological model under 
land use change scenarios showed that the magnitude of streamflow was 
impacted by land use change in all scenarios. Streamflow was highest due to 
expansion of urban area and contraction of forest and croplands. Future land 
use change would account for increase in streamflow about 20%, 61% and 71% 
for the 2020s, 2050s and 2080s land use scenario maps, respectively. Under 
only climate change scenarios, streamflow was predicted to increase 8.7% in 
2020s, 54.7 % in 2050s and 21% in 2080s under A2 scenario, 14.7%, 21.4% 
and 75.7% for the 2020s, 2050s and 2080s under B1 scenario, respectively. 
Streamflow was also projected to decrease about 3.1% and 10.4% under A1B 
scenario for the 2020s and 2050s, but it showed an increase of about 28% in the 
2080s. The intensification of streamflow is in maximum percent (92%) in 2080s 
under B1 scenario. The combined scenarios of land use and climate indicated 
that climate variables change coupled with land use change have resulted 
significant increase in streamflow about 9%, 20.1%, 9% for the 2020s, 2050s 
and 2080s under A2 scenario, and 14.9%, 24.4% and 19.7% for the 2020s, 
2050s and 2080s under B1 scenario. Under A1B scenario, 19% decrease in 
streamflow in the 2020s was predicted, but the streamflow increases 25.6% and 
65.4% for the 2050s and 2080s, respectively. This study concludes that under 
different designated scenarios, streamflow is expected to experience significant 
increase in the future decades as a consequence of land use and climate 
changes, but changes in land use have led to greater streamflow changes 
against climate change. Consequently, there is an urgent need to reverse land 
use change trends such as afforestation, conservation on natural habitat and 
control on urban expansion for future development programs and land use 
planning to mitigate probability of possible flooding which is a major problem in 
this region. 
 
Keywords: climate change, hydrological processes, hydroclimatic variables, 
land use conversion, trend analysis, streamflow 
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Adalah tidak boleh dinafikan bahawa iklim dan penggunaan tanah akan 
mengubah komponen hidrologi seperti aliran sungai dan ketersediaan air di 
lembangan sungai. Walau bagaimanapun, magnitud dan sumbangan kesannya 
tidak begitu jelas. Adalah penting untuk mengkaji kesan individu dan gabungan 
perubahan iklim dan tanah digunakan pada aliran sungai dan seterusnya 
kemungkinan banjir di lembangan sungai topikal terutamanya lembangan yang 
mengalami perubahan pantas dalam penggunaan tanah. Oleh itu, lembangan 
Sungai Langat yang mengalami banjir sebagai tindak balas kepada kedua-dua 
iklim kepelbagaian, pembandaran dan perindustrian telah dipilih untuk 
menyiasat responsi hidrologi lembangan untuk kedua-dua factor ini. Kajian ini 
bertujuan untuk menilai perubahan persekitaran masa sebelum dan 
kemungkinan pada masa hadapan serta kesannya terhadap hidrologi 
lembangan sungai Langat. Lebih khusus lagi kajian ini menyediakan rangka 
kerja untuk menganalisis trend bersejarah pembolehubah hidro iklim yang 
ketara termasuk hujan, suhu dan aliran sungai (1984-2010) dan perubahan 
persekitaran tanah (1984-2006-2008) juga untuk mengukur individu mereka dan 
kesan kombinasi pada aliran sungai melalui senario yang direka kombinasi yang 
berbeza penggunaan tanah dan keadaan iklim. Trend suhu, hujan dan aliran 
sungai ditentukan dengan kaedah Mann-Kendall. Kajian ini menggunakan 
model hidrologi, SWAT, ditentukur dan disahkan terhadap aliran sungai yang 
diperhatikan menggunakan SWAT-CUP (SUFI-2). Perubahan penutup 
penggunaan tanah / tanah telah diperiksa menggunakan model LCM dan 
senario perubahan penggunaan tanah masa depan telah dibuat dengan 
menggunakan kombinasi rantaian Markov dan model Multi-Layer Perceptron 
(MLP_Markov). Senario perubahan iklim adalah berdasarkan kombinasi satu 
RCM (PRECIS) dan penjana cuaca stokastik (LARS-WG). Untuk tujuan ini, suhu 
dan hujan unjuran harian menjadi senario pelepasan A1B oleh model PRECIS 
dan A2, senario pelepasan B1 oleh LARS-WG untuk 2020-an, 2050s dan 2080s 
telah ditekankan dalam model SWAT yang telah ditentukur. Aliran sungai 
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tahunan tiga stesen (F1, F2 dan F4) daripada empat mempamerkan trend yang 
ketara meningkat pada tahap α = 0.01 kepentingan. The aliran sungai tahunan 
telah meningkat dengan ketara pada kadar 0,036, 0,023 dan 0,001 × 103 m3 / 
tahun dalam stesen masing-masing, dari tahun 1980 hingga 2010. Aliran sungai 
bermusim menunjukkan trend yang ketara meningkat di bahagian atas 
lembangan dalam semua musim. Trend yang ketara semakin meningkat bagi 
aliran sungai bulanan telah dikesan bagi Januari dan Ogos, tetapi trend yang 
tidak ketara ditemui pada bulan Mei, September dan November di semua stesen 
hidrologi. Aliran sungai terutamanya dikaitkan dengan hujan (P <0.05). Analisis 
penggunaan tanah menunjukkan bahawa hutan, tanaman jangka pendek dan 
tanaman jangka panjang telah turun dari tahun 1984 hingga 2006. Kawasan 
tanaman jangka panjang dan kawasan hutan pada tahun 2006 adalah 48.5% 
dan 3.1% lebih rendah berbanding pada tahun 1984 masing-masing, tetapi 
binaan dan kawasan perumahan telah meningkat dengan amat jelas. Keputusan 
simulasi model hidrologi di bawah senario perubahan penggunaan tanah 
menunjukkan bahawa magnitud aliran sungai terjejas kerana perubahan 
penggunaan tanah dalam semua senario. Aliran sungai adalah paling tinggi 
disebabkan oleh pengembangan kawasan bandar dan pengecutan hutan dan 
tanah pertanian. Masa depan perubahan penggunaan tanah akan mengambil 
kira peningkatan dalam aliran sungai kira-kira 20%, 61% dan 71% bagi tahun 
2020-an, 2050s dan 2080s penggunaan tanah masing-masing. Di bawah hanya 
senario perubahan iklim, aliran sungai telah diramalkan meningkat 8.7% pada 
2020-an, 54.7% pada tahun 2050s dan 21% pada tahun 2080s di bawah senario 
A2, 14.7%, 21.4% dan 75.7% bagi tahun 2020-an, 2050s dan 2080s di bawah 
senario B1 masing-masing. Aliran sungai juga dijangka berkurangan kira-kira 
3.1% dan 10.4% di bawah senario A1B bagi 2020-an dan 2050s, tetapi ia 
dijangka meningkat sebanyak kira-kira 28% dalam 2080s. Peningkatan aliran 
sungai adalah dalam peratus maksimum (92%) dalam 2080s di bawah senario 
B1. Senario kombinasi penggunaan tanah dan iklim menunjukkan bahawa 
pembolehubah iklim dengan tambahan perubahan penggunaan tanah akan 
menyebabkan peningkatan yang ketara dalam aliran sungai kira-kira 9%, 
20.1%, 9% bagi tahun 2020-an, 2050s dan 2080s di bawah senario A2, dan 
14.9%, 24.4% dan 19.7% bagi tahun 2020-an, 2050s dan 2080s di bawah 
senario B1. Di bawah senario A1B, pengurangan sebanyak 19% dalam aliran 
sungai dalam tahun 2020-an telah diramalkan, tetapi aliran sungai 
meningkatkan 25.6% dan 65.4% bagi 2050s dan 2080s masing-masing. 
Kesimpulan kajian ini adalah senario yang ditetapkan yang berbeza, aliran 
sungai dijangka mengalami peningkatan yang ketara dalam dekad yang akan 
datang akibat daripada penggunaan tanah dan perubahan iklim, tetapi 
perubahan penggunaan tanah yang telah membawa kepada perubahan aliran 
sungai yang lebih besar terhadap perubahan iklim. Oleh itu, terdapat keperluan 
mendesak untuk mengubah trend penggunaan tanah untuk program-program 
pembangunan masa depan dan penggunaan tanah yang merancang untuk 
mengurangkan kebarangkalian kemungkinan banjir yang merupakan masalah 
utama di rantau ini. 
 
Kata kunci: perubahan iklim, proses hidrologi, pembolehubah hydroclimatic, 
penggunaan tanah penukaran, analisis trend, aliran sungai 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
1.1 Background  
 
Climate change refers to changes in the mean and/or the variability of climate’s 
characteristics due to anthropogenic activities or natural factors that persists for 
decades or longer (IPCC 2007; Zulkarnain et al., 2014). Anthropogenic factors 
(e.g., urbanization and deforestation) are believed to increase the concentration 
of greenhouse gases (carbon dioxide (CO2), methane (CH4), and nitrous oxide 
(N2O)) that induce tremendous changes in the global climate system (IPCC 
2007; Wu et al., 2012a). Elevated atmospheric gases not only can raise global 
mean temperatures but also can change the spatial and temporal distribution of 
precipitation. Consequently, increased concentration of atmospheric gases and 
global warming are expected to affect terrestrial hydrological cycle as well as 
watershed hydrological conditions significantly (Liu et al., 2011; Wu et al., 
2012b). Increased or decreased of river discharge and streamflow, more 
frequent and severe drought and flood events are some hydrological 
consequences of global warming (Wu et al., 2012b).  
 
 
Besides climate, land use is an important factor influencing hydrological 
conditions of watersheds (Li et al., 2010).  Understanding the hydrological 
response of a watershed to land use change due to human activities and climatic 
changes is a significant component of water resource management. Therefore, 
the potential effects of these two interrelated issues on water resources need to 
be addressed in an integrated way in management practices (Mango et al., 
2011). In addition, disasters (such as flood, drought and land slide) due to human 
activities (such as urbanization, deforestation, inappropriate land use system 
and poor agricultural practices) and natural phenomena related to climate such 
as, floods, drought and landslides, among others, can affect ecosystem service 
functioning of watersheds, such as water availability and erosion rate (Serpa et 
al., 2015), sustainable development and socio-economic activities.  
 
 
In Malaysia, there are more than 150 river systems with 100 of them in the 
Peninsular Malaysia and 50 in Sabah and Sarawak (Ayub et al., 2009). These 
river systems consist of 1800 rivers with a total length of 38000 km which cover 
a total land mass of 329,760 km2. Langat Basin is one of the important river 
systems providing raw water supply and other amenities to approximately 1.2 
million people within the basin (Juahir, 2011). Rapid development and 
urbanization and subsequently deforestation can change the natural 
hydrological conditions and infiltration rate of river systems in Malaysia (Ayub et 
al., 2009). The prolonged and intensive rain in dense network of rivers and 
streams can increase the occurrence of flash flooding and monsoon flooding 
(Shafiee et al., 2004). From the above standpoint, water resource managers 
under the climate and land use/land cover change condition in Malaysia like to 
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know whether an adjustment in water resources management is needed, and if 
so, what change should be applied to protect ecosystems. In order to deal with 
this issue and to minimize adverse environmental impacts, reliable hydrological 
modelling is one of the most urgent tasks to quantify the magnitude of changes, 
the way they affect hydrological variables along with the magnitude and 
frequency of them. Therefore, modelling categories include hydrological models; 
climate change models, land use models integrated with a geographical 
information system (GIS), are potentially powerful tools for assessing and 
representing the interaction effects of climate and land use changes in 
hydrological response. 
 
 
Langat River basin has sensitive response to the South-West monsoon that 
blows across the Straits of Malacca. Furthermore, the Langat basin is lately 
subjected to the high rate of land use change (e.g., rapid urbanization and 
deforestation). Therefore, by understanding grow of these features, i.e. rapid 
land use change and sensitive responses to the South-West monsoon, make 
the Langat watershed a suitable basin to evaluate and understand the response 
of streamflow to land use and climate changes (Adnan, 2010). For that reason, 
it is possible to assess combination impacts of land use change with climate 
change on water resources in the Langat River watershed. 
 
 
1.2 Statement of the problem 
 
The impacts of land use change on river basin hydrology are interlinked with 
impacts of climate change. Determination of the watershed response to climate 
change and rapid urbanization and deforestation is the most serious problem 
facing local water resource managers. In Malaysia, flooding is the most common 
hydroclimatic and natural disaster. Compared to other disasters, great numbers 
of people have been affected by floods over the last century (Tan and Pereira, 
2013). Around 9% of the total land area (30,000 km2) and greater than 22% of 
total population (4.82 million people) in Malaysia are affected by flooding every 
year (Taliair, 2003). Figure 1.1 shows the frequency of flood events for the past 
50 years in Malaysia. Major flood events and their associated damages are also 
listed in Table 1.1 It is clear that the frequency of flood events have been 
increased over decades, besides the great number of people affected, that 
showing problem in managing policies. Therefore, additional costs on 
management of water resources and future flood mitigating plans needed 
(WECAM, 2013).  
 
 
Langat River basin is one of the most important areas for economic growth 
especially in developing manufacturing zones in the Selangor state. 
Furthermore, the basin provides raw water to two-third of the state of Selangor 
(Juahir et al., 2010). Land use change through rapid urbanization and 
industrialization and conversion of forest land to other land uses e.g. oil palm, 
rubber plantations, orchards, and other land uses within Langat River basin, 
which mainly is due to the changes in economic policies of Malaysian 
Government, will increase the area of pervious and impervious surfaces, which 
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is identified as main factor in rises of streamflow and river discharge (Memarian 
et al., 2012; Juahir et al., 2010). In addition, deforestation and landscape 
changes can make the basin area more vulnerable to climate change issues 
such as heavy rainfall. These changes in land use/land cover have affected the 
hydrological variables (e.g., surface and groundwater, discharge and 
evapotranspiration) in the Langat watershed, switching the hydrological cycle 
and flood vulnerability of the watershed (Juhair et al., 2011; Guo et al., 2008).  
 
 
On the other hand, flood happens in the Langat River basin frequently. However, 
the frequency and severity of floods have increased during the last decades 
(DID, 2007). Therefore, occurrence of frequent and severe floods have raised 
the concerns of how changes in climate and land use in regional and local scales 
can impact the hydrological conditions (Guo et al., 2008). It has been suggested 
that increased frequency and severity of floods in the Langat basin is due to 
increased variation of seasonal rainfall due to climate change and, also, the rise 
possibly has been influenced by land use/land cover changes. Variation in 
climate variables and the subsequent increase of global temperature can cause 
an intensification of the hydrological cycle. It can lead rainy season more wet 
and dry seasons more dry and consequently the risks of more severe and 
frequent floods will be increased. 
 
 
Consequently, it is essential to quantify streamflow response to changes of 
climate and land use in the watershed by way of hydrological modelling to 
understand the impacts of those changes on river discharge and streamflow 
(Azlinda & Mohd, 2011; Guo et al., 2008). To improve and optimise water supply 
and demand, both water and land use decision makers should use the 
estimations made by hydrological modelling to support for best management 
practices and compensate the adverse effects of the land use activities for 
sustainable environmental development. Finding the response of the Langat 
River watershed to climate and land use changes is the most serious problem 
facing local water resources managers.  
 



© C
OPYRIG

HT U
PM

4 
 

 

Figure 1.1 : Frequency of flood events, past 50 years in Malaysia (1960-
2010) (Source: WECAM, 2013) 
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Table 1.1 : Major flood events in Malaysia and associated damages  
 

 
(Source: Drainage and Irrigation Department Malaysia, 2010)   
Note: NA= Not Available; * = In the state of Kelantan; ** = Damage to 
infrastructure and public utilities estimated at USD 42.38 million. Destruction of 
properties (more than 4,553 houses were destroyed), crops and livestock loss 
estimated at USD 55.42 million. *** = Another 108 people are still missing more 
than a month after the even.   
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1.3 Objectives 
 
The goal of the current research is to assess the potential impacts of changes 
in climate and land use/land cover on the streamflow of the Langat River basin 
in Selangor, Malaysia.  
 
 
The objectives of the study are: 
 

i)  To analyse the trends of major hydroclimatic variables including rainfall, 
temperature and streamflow in past decades and to explore the 
probable causes of the changes;  

ii)  To simulate and quantify the impact of potential climate change on 
streamflow of the Langat River under different climate change 
scenarios; 

iii)  To simulate and quantify the impacts of land use/land cover changes on 
streamflow characteristics through designed scenarios for future; 

iv)  To model the impacts of individual and combined land use and climate 
changes on streamflow attributes through designed scenarios of 
different combinations of land use and climate conditions;  
 

 
1.4 Hypothesis  
 
Changes in climate and land use affect hydrological variables in the watershed. 
Climate change might lead to increase or decrease in rainfall and flood 
generation. Deforestation due to rapid urbanization and oil palm plantation 
establishment might cause increase in streamflow rate in the Langat basin.   
 
 
Specifically, the hypotheses to be tested in this study are: 
 

1. Climate change affects hydrological regime of the Langat River through 
increase in rainfall and streamflow rate. 

2. Changes in land use increase the streamflow and flood events regime 
in the Langat watershed. 

3. There is a strong relationship between land use change and streamflow 
variability in the Langat watershed. 

 
 
1.5 Justification of the study 
 
The hydrological effects of climate variation and land use conversion can occur 
at various spatial scales, but the most important sources of these changes are 
at the regional or watershed scale (Raneesh and Santosh, 2011). In addition, 
the managerial and technical measures are primarily implemented at local and 
watershed scales in order to mitigate adverse impacts of human activities on the 
renewable resources of the watershed. Therefore, quantitative estimation of the 
possible hydrological consequences of potential land use and climate changes 
on hydrological regime at watershed scale is of tremendous importance. These 
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studies are important to facilitate the application of results to real environment 
(Praskievicz and Chang, 2009). Consequently, the watershed-scale studies are 
essential to measure the extent of influences made to the hydrological conditions 
and understanding of causes and effects of climate variation and land use 
conversion on hydrological cycle and water resources. 
 
 
Results of this study on the hydrological response of watershed to land use and 
climate changes is valuable for making better planning decisions and 
management of land use in long-term, for effective management of water 
resources, and for formulating the decision and adaptive strategies for the proper 
management of water resources and floods under future variations. Moreover, 
the outcomes of the current research can address the questions raised on how 
the future land use and climate changes will influence the water resources and 
flood potential of the watershed. Proper responses to these questions and 
related subjects will increase the predictability of hydrological reaction to climate 
and land use changes. 
 
 
1.6 Gap of knowledge 
 
Despite many studies on the assessment of the land use and climate changes 
impacts on hydrological processes, quantitative information on possible changes 
of regional patterns of climate and land use and their implications for the 
hydrologic cycle and water resources are still scarce in humid tropical regions 
like southeast Asia and yet poorly understood. Quantitative assessment of the 
sensitivity, vulnerability and adaptive capacity to climate change especially for 
humid tropical regions are rare at watershed scale where the most important 
sources and drivers are located. Studies that relate both land use and climate 
changes with hydrological processes and streamflow of the watershed are one 
of the urgent issues and high priorities of today's water management needs to 
narrow the gaps between current knowledge and policymaking needs in tropical 
regions.  
 
 
Langat River basin is one of the most urbanized river basins in peninsular 
Malaysia that warrant focused attention. Flooding is a common phenomenon in 
the Langat Basin during wet monsoon period particularly when it coincides with 
localized rainfall. In addition, 1.8 million inhabitants were affected by the severe 
drought in 1998, in southern part of Kuala Lumpur City, Bangi and Kajang, where 
the source of their water supply is from the upper Langat river basin. These 
issues indicate that sustainable water resources management in the Langat 
basin requires knowledge of how hydrological processes respond to changes of 
various aspects of climate particularly in watersheds with high land use 
conversion.  Unfortunately, no modeling studies have addressed the combined 
effects of climatic and land use conditions for the Langat River basin.  
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1.7 Thesis outlines  
 
This thesis is divided into five chapters. Chapter 1 includes introduction of thesis. 
The chapter begins with general discussion to the research topic followed by 
problem statement, research objectives, significance of the study and gap of the 
knowledge.  
 
 
In the second chapter, the impacts of land use and climate changes on 
streamflow and their relationships explained by discussing the various aspects 
cited in existing literature. The purpose of this chapter is to review relevant 
published documents such as journal articles, books and online documents on 
the responses of hydrological variables to climate and land use changes and to 
identify the gaps in knowledge by scrutinizing the strengths and weaknesses of 
existing literature.  
 
 
Brief descriptions of study area were explained in the third chapter. Third chapter 
also discusses trend analysis of major hydroclimatic variables and examined the 
data for any trends between them in order to understand hydrological responses 
of climate change. Three types of time series data are analysed in this chapter 
which are rainfall, temperature and stream flow to investigate the possible trend 
and relationship between hydro climatological variables of Langat River basin. 
In order to increase confidence on existence of trend four widely nonparametric 
test of Mann-Kendall method, Pettitt test, Sen’s slope method and Pearson 
correlation test were used. The procedures were performed using XLSTAT and 
R statistical packages. 
 
 
In the fourth analyses of land use changes between various classes performed 
over time and different transition matrices were created for prediction of future 
land use scenarios. Reclassification of land use subcategories into broad 
categories and conversion of shape files to raster format was performed in 
ArcGIS 10.1. In this chpter Land Change Modeler (LCM) and Markov Chain 
modules in IDRISI Selva 17.0 software were used to analyze land use changes 
between various classes over time and to create transition matrices for 
prediction of future land use scenarios. Reclassification of land use 
subcategories into broad categories and conversion of shape files to raster 
format was performed in ArcGIS 10.1. Then, land use maps with raster format 
were imported into IDRISI for further analysis. 
 
 
Then in the fifth chapter, the hydrological model set up, calibration and validation 
of the model were explained.  ArcSWAT as an ArcGIS extension and graphical 
user input interface for SWAT was used in for hydrological modelling and the 
model input files were created by ArcSWAT (ArcGIS –SWAT) interface. The 
SUFI-2 program in SWAT-CUP software was used as an optimization algorithm 
for calibration of SWAT and estimation of parameter and uncertainty analysis.  
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In chapter sixth the individual and combined impacts of land use and climate 
changes on the streamflow of the Langat River basin were explained. First 
analysis of the impacts of land use/land cover change on streamflow were 
clarified then climate change impacts on streamflow were analyzed based on 
the future scenario derived from RCM (PRECIS) and SDSM (LARS-WG) climate 
models and finally combined impacts of land use change and climate change 
were investigated to assess the sensitivity of land use change, rainfall and air 
temperature variation on the streamflow for past and future. Results are 
discussed after presenting of the outcomes for each objective. This discussion 
is based on existing literature including citation indexed and peer reviewed 
journal articles, books, internet documents and circumstantial evidences in the 
area under study. The study is concluded in Chapter 7. This final part of the 
thesis summarizes the major outcomes of the study in compressed manner 
according to research objectives. At the end, some recommendations for future 
researches in relation to the topic of this research and in accordance with the 
limitations of the present study were presented. Briefly, according to the 
objectives of this work, a hydrological modelling framework was applied in the 
Langat River basin to investigate the possible impacts of changes in land use 
and climate conditions on watershed hydrological components, particularly 
streamflow, in the Langat River. First (I) major hydroclimatic variables examined 
for any trends between time series data. Then in second step (II) land use 
changes were analysed and different scenarios developed and based on 
designed scenarios, future land use changes were projected. At the third stage 
(III) the hydrological model, set up and the model calibrated and validated. The 
fourth (IV) was extracting of future climatic variables from future scenario derived 
from RCM (PRECIS) and SDSM (LARS-WG) climate models. Lastly in the fifth 
step (V) in order to understand hydrological responses of climate change to 
simulate streamflow under the different climate and land use/land cover 
conditions observed in last decades (reference), and also for a set of climate 
and land use scenarios developed for the future (simulated). Then, the impacts 
of simulations under different scenarios were analysed. General flowchart of 
thesis methodology is shown in figure 1.2. 
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Figure 1.2 : General flowchart of research methodology 
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