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Abstract— This study assessed the impact of climate change on 

future water availability in the Citarum river basin, Indonesia. 
Future climate was projected based on the output of HadCM3 
GCM under A2 and B2 scenarios and downscaled using SDSM 
package application. The hydrological processes were modelled 
using WEAP application. The result suggested an increase of 
temperature as well as precipitation in the period of the 2020s, 
2050s and 2080s. The water availability is projected to increase 
in the future.  
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I. INTRODUCTION 
 
The assessment of the impact of future climate change at 

regional scales is vital for climate change adaptation issues.  
In tropical area, the temperature and precipitation is expected 
to increase during 21 century [1]. In regions which are 
expected to maintain or exceed historical water yields due to 
projected increases in precipitation, the hydrological regime is 
expected to change in terms of timing and magnitudes of 
seasonal stream flow. 

The hydrological response to climate change has been 
studied through the application of watershed-scale 
hydrological models driven by Global Circulation Model 
(GCM) scenarios of future climate (e.g. [2], [3], [4]). Water 
Evaluation and Planning (WEAP) as the distributed hydrology 
model integrates a range of physical hydrology processes with 
the management of the demands and installed infrastructure in 
a seamless and coherent manner [5]. It was used to assess the 
multiple scenario analysis, including alternative climate 
scenarios and changing of human intervention. Thus, WEAP 
was successfully applied to assess future climate impact on 
hydrology [6].  

Although hydrological models are used within the GCMs, 
they are less reliable for analysis of surface and groundwater 
balances in local river basins [7]. Previous studies used GCMs 
coupled with water balance to investigate the potential effects 
of climate change on runoff and water resources in different 
areas under different conditions (e.g. [8], [9]). As a potential 
and popular method, hydrological models in combination with 
downscaled GCMs are usually used to project impacts of 
streamflow  under  climate  change  scenarios  at  river  basin  scale  
[8]. 

Here, the hydrological impact of climate change in the 
Citarum river basin will be further investigated using 
statistical downscaling (SDSM) and  WEAP application. 

II. METHODOLOGY 

A. Study Area 
The West Tarum Canal (WTC) irrigation system in the 

Citarum river basin Indonesia has been selected as the study 
area. The canal extends from east to west and passes 
agricultural, industrial and urban areas.  The area is 
categorized as a tropical area with the average temperature of 
24.7o – 27.3o C,  the average annual precipitation range of 
1500 – 4000 mm and the humidity is about 80 – 95 %.  The 
rainfall mostly falls in the wet season during November to 
April. The wet season is followed by the dry season during  
May to August.  

The WTC canal is supplied water by nearby sub-
catchments: namely, Citarum, Cibeet, Cikarang and Bekasi 
(Fig. 1). The WTC canal distributes water to the irrigation 
area, domestic and industry along the canal.  

 

B. The hydrological  model 
 
The WEAP package tool is used to model the hydrological 

process in the study area. WEAP is the computer modelling 
package design, which is used for simulation of water 
resources system and trade-off analysis. It operates on the 
basic principle of water balance model that defines the process 
on a watershed scale. The supply is defined as the amount of 
precipitation that falls on the watershed, which is depleted 
through the watershed process, water uses, and the accretion 
to the downstream. Moreover, it enables integrated assessment 
of  watersheds’  climate,  hydrology,  and  land  use,  infrastructure  
and water management priorities. WEAP has been used to 
model the impact of climate change, land use and adaptation 
scenarios on water resources (e.g. [10], [9]). 
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Fig. 1.  Map of study area 

 

C. Future Climate Projection 
The future climate was projected in the period of 2020s 

(2011 – 2040), 2050s (2041 – 2070) and 2080s (2071 – 2099). 
To describe the future climate, the temperature and 
precipitation were projected based on the output of Hadley 
Centre Coupled Model version 3 (HadCM3) GCM developed 
by Hadley Center, UK. The climate was projected  under two 
emission scenarios A2 and B2. To increase the resolution of 
global to local scale, we used SDSM to downscale the climate 
variables. The SDSM establish the empirical relationship 
function (F) between the predictors and the predictand. The 
function is a deterministic/stochastic function which is 
conditioned by predictors and predictand as the follow 
equation: 

a=F (b)  …………..  (1) 
 
where a is the predictand and b are the  predictors 
 
In this study, the GCM output employed as the predictors 

and the local climate variables as the predictand. To calibrate 
the SDSM, the atmospheric predictor variables from the 
National Center for Environmental Prediction (NCEP) 
reanalysis were used (Kalnay et al., 1996).  The temperature 
and precipitation of year 1961 – 2000 from four stations 
(Citarum, Cibeet, Cikarang and Bekasi) was used as the 
predictand.  

 

III. RESULT AND DISCUSSION 
 

A. Hydrological model performance 
Results indicate the reasonable ability of the WEAP model 

in simulating long term monthly time series of streamflow. At 

Citarum sub catchment, monthly stream flows from year 
1994–2009 were simulated with a bias of -0.24 %, Nash-
Sutclife of 0.58 and R=0.78 (n=180 months). At Cibeet sub 
catchment, the monthly flows from year 1987 – 2005 were 
simulated with a bias of -0.34%, Nash-Sutclife of 0.64 and 
R=0.81 (n=216 months). At Cikarang sub catchment, the 
monthly flows of year 1987 – 2005 were simulated with a bias 
of 1.5%, Nash-Sutclife of 0.52 and R=0.73 (n=216 months). 
At Bekasi sub catchment, the monthly flow of year 1987-2005 
was simulated with a bias of 0.08%, Nash-Sutclife of 0.66 and 
R=0.79 (n=216 months). 

 

B. Future Climate Projection 
In this study, the climate was projected based on the output 

of HadCM3 GCM and downscaled using SDSM application 
under A2 and B2 emissions scenarios. The temperature and 
precipitation are projected to increase in the future periods 
compared with the baseline period. The A2 and B2 climate 
projections are warmer and wetter than the baseline period.  

1)  Future temperature: The temperature at the Cikarang 
and Bekasi sub basin under A2 scenario increased the most 
i.e. by 0.33, 0.99 and 1.63 oC, respectively, in the 2020s, 
2050s and 2080s. On the other hands, the temperature in the 
Cibeet sub basin will decrease about 0.36 oC and 
investigated an increase about 0.24 in 2050s and 1.00 oC in 
2080s under A2 scenario. As the average, the temperature 
will increase about 0.15, 0.74 and 1.47 oC in the 2020s, 
2050s and 2080s respectively under A2 scenario. Under the 
B2 scenario, The temperature was investigated to increase 
about 0.16, 0.50 and 0.97 oC in the 2020s, 2050s and 2080s 
periods, respectively (Fig. 2).  

2)  Future precipitation: The SDSM outputs show an 
increasing of precipitation in all sub basins for the future 
periods under A2 and B2 scenarios. Fig. 3 shows the 
projections of average monthly precipitation in the study 
area by SDSM for the baseline period and A2 and B2 
scenarios. The precipitation under DJF, JJA and SON 
periods under A2 and B2 scenarios increased in the future 
while the precipitation under MAM periods will decrease in 
the future for A2 and B2 scenarios. Comparing with the 
baseline periods, the precipitation under A2 scenario will 
increase more than B2 scenario. In the A2 scenario, the 
precipitation will increase about 23, 55 and 88 % for the 
periods 2020s, 2050s and 2080s, respectively. In the B2 
scenario, the precipitation is expected to increase about 27, 
35 and 45% for the periods 2020s, 2050s and 2080s, 
respectively, compared with the baseline period.  
 

C. Water Availability under Climate Change 

It is seen that the A2 and B2 scenarios produce a wide 
range of changes in the hydrology of the sub basin. It shows 
that for the three future periods that the stream flow are  
increasing in the future for both scenarios (Table I). The 
periods under A2 scenario shows an increase, of about 6.6, 
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53.1 and 111.7% for the periods of the 2020s, 2050s and 
2080s for the main stream flow compared with the baseline. 
Under B2 scenario, the mean flow of future periods is 
expected to increase about 12.4, 37.3 and 67.1% in the 2020s, 
2050s and 2080s, respectively, compared with the baseline 
period.  

 

 
Fig. 2.  Temperature projection under A2 (upper) and B2 

(lower) emissions scenarios 

The flows in the month of the whole year are projected to 
increase under A2 and B2 scenarios for the periods of the 
2020s, 2050s and 2080s. However, the flows of the months of 
October, November and December are expected to decrease 
under A2 and B2 scenarios for the periods of the 2020s. 

TABLE I.  WATER AVAILABILITY UNDER A2 AND B2 SCENARIO 

Period  
Average annual water supply (mm) 

Citarum Cibeet Cikarang Bekasi Total 
Baseline  1253 1660 1757 2344 7013 
2020s A2 1625 1656 1971 2225 7477 

 B2 1759 1735 2058 2331 7884 
2050s A2 2421 2409 2807 3106 10742 

 B2 2183 2178 2485 2784 9630 
2080s A2 3523 3505 3786 4038 14852 

  B2 2628 2741 3054 3292 11715 
 

 
 

 
Fig. 3.  Future precipitation projection under A2 (upper) 

and B2 (lower) emissions scenarios 
 

IV. CONCLUSION 
This study aimed to use the SDSM and WEAP model to 

assess  the impact of climate change on the hydrology in the 
basin.  The basin was modeled quite well by the WEAP 
application. The model was able to simulate the streamflow 
during the analysis periods.  

The SDSM was used to downscale the coarse scale of 
GCM output to the finer resolution of basin scale as it is 
required by the hydrological model. The SDSM performed 
well to downscale the temperature and precipitation in the 
study area.  The temperature projection indicates the 
increasing of temperature for the future compared with the 
baseline period. The daily precipitation is projected to 
increase in the future compared with the baseline periods. 

The water availability was simulated using the combination 
of SDSM and WEAP hydrological model. The water 
availability was projected to increase in the future under two 
emission scenario A2 and B2. The study intended to cater the 
research in the developing country using the low-cost 
assessment tool to increase the awareness of water resources 
change due to future climate change.  
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