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Abstract
Climate and land cover changes are currently taking place globally. The issues of
climate changes are also noticed in the Jakarta, Indonesia. In Jakarta, climate changes
are indicated by the increasing of air temperature by 1.2°C in the 20th century, more
intense rainfall, long-term drought and sea level rise at a rate of 1-8mm/year.
Extreme runoff due to high intensity rainfall and landuse changes causing Jakarta is
vulnerable to inundation. Nearly every year the Jakarta is inundated during the wet
season. Several river basins are flowing across the Jakarta city area. These are
Ciliwung, Citarum and Cisadane. Citarum is the largest river basin in the western part
of Java Island. Its area is 8058km2. The upper area of Citarum basin is located in
Bandung, the capital city of West Java Province. In this study, the upper part of
Citarum basin (UCB - upper Citarum basin) was selected as a representative basin for
hydrological modelling study. A setup of hydrological modelling in UCB is the primary
discussion in this paper. The total area of UCB is 1821km2 (23% of entire Citarum
basin). The elevation ranges from 667 to 2222m. The slope is varying from 0-51° with
8° average. The landscape is dominated by agricultural with 60.7% of total landuse
with 77.2% volcanic rocks of total geological condition and andosol soil type. The
average annual rainfall is 2168mm. High rainfall typically occurs during November to
April during the west monsoon so-called wet season. 21.4°C, 30.7°C, and 25.2°C are
measured as an average minimum, maximum and mean air temperature in this area.
A distributed hydrological model named J2000 was performed to reconstruct the
hydrological dynamics in UCB. The inputs of the model are hydrometeorology data
(precipitation, air temperature, humidity, wind speed, sunshine duration), a
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topographic detail derived from a Digital Elevation Model (DEM), landuse distribution,
soil information and geological condition. The period of hydrological modelling covers
from 2001 to 2009, at a daily time step. The setup comprised the preparation of study
area domain represents as a hydrological response unit (HRU) derived from overlayed
topographic details, landuse, soil and geological distribution. The setup also included
the preparation of hydrometeorological datasets and parameterization of landuse,
soil and geology data. Observed runoff in Nanjung station was used to calibrate and
validate the model by comparing simulated and observed runoff variables. The model
was calibrated for 2005 to 2009 and validated for 2001 to 2004. The model performed
fairly well. During the calibration period, the model gave the efficiency results of NashSutcliffe (NS) by 0.76, the corresponding coefficient correlation (r) by 0.84 and 0.14%
deviations. Throughout the validation period, 0.73 of NS, 0.86 of r, and -7.84%
deviations were achieved.
Keywords: Climate; hydrological modelling

1.

INTRODUCTION

The global climate is changing, has changed in the past, and will change in the future (IPCC,
2001). The issue of climate changes was also noticed in the Jakarta, Indonesia. In Jakarta,
climate changes are indicated by the increasing of air temperature by 1.2°C in the 20 th century
(Julian et al., 2011), more intense rainfall, long-term drought (Oki et al., 2013) and sea level rise
at a rate of 1-8mm/year (Kartikasari, 2009; Förster et al., 2011). As a center of government,
trade, development, investment and education brands Jakarta and surrounding areas as a
promising area in Indonesia. This also triggers to urbanization that results the alteration of
forest cover to agriculture and residential area (Amien et al., 1996; Verburg et al., 1999; Firman,
2009). Consecutive alterations of forest cover to agriculture and residential area lead to the
waterproofing of soil. This affects to a decrease of infiltration rate. Conversions of forest cover
in the watersheds also leads to an increase of erosion rate in the upper and middle river basin. It
causes sedimentation in the river networks of lower area (i.e. Jakarta) and reduces drainage
capacity. Coupling effects of climate and landuse changes causing Jakarta is vulnerable to
flooding.
In order to assimilate issues associated to the changes of climate and landuse on hydrological
processes, an appropriate tool must be employed. A distributed, process oriented hydrological
model named J2000 (Krause, 2001) was adapted and implemented to handle factor relate to
transport of water in the study area. Such model must able to simulate the hydrological
dynamics in the study area.
Several river basins are flowing across the Jakarta city area (see Figure 1). These are Ciliwung,
Citarum and Cisadane. Citarum is the largest river basin in the western part of Java Island. Its
area is 8058km2. As part of hydrological modelling, a representative pilot basin had to be
selected. This basin should be representative for entire study area. A pilot basin should have
sufficient number of stations, long record of hydrometeorological data, and also variability of
topographic, landuse, soil and geological condition. In this study, the upper part of Citarum
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basin (UCB - upper Citarum basin) was selected as a representative basin for hydrological
modelling study. It is situated in Bandung, the capital city of West Java Province and the fourth
large city in Indonesia. The UCB is embedded in a hilly area of the backcountry of Jakarta. A
setup of hydrological modelling in UCB is the primary discussion in this paper. Detailed analysis
of climate input was also carried out in this study. The period of hydrological modelling covers
from 2001 to 2009, at a daily time step.
Previous studies of hydrological modelling in Citarum basin had been done applying STREAM
hydrological model (Aerts et al., 1999) and monthly global climate model (Poerbandono et al.,
2009; Julian et al., 2011). Here, more observed climate parameters at a daily time step from
hydrometeorological stations are considered.

Figure 1. Study area - upper Citarum basin (UCB)
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2.

MATERIALS AND METHOD

2.1.

Spatial hydrological modelling

Modelling in hydrology is employed to understand the interaction between climate and land
surface (Singh and Woolhiser, 2002). An assessment of the impact of climate and landscape
changes on water resources is made possible by hydrological model. It has become an essential
tool for water resources management, linking human activities, and playing important for policy
makers (Mankin et al., 1999).
The J2000 hydrological model (Krause, 2001) was performed in this study. The J2000 is a
distributed, process oriented hydrological model for hydrological processes simulation in mesoand macro-scale basin (Krause, 2001). It is executed in the Jena Adaptable Modelling System
(JAMS) (Kralisch and Krause 2006, Kralisch et al. 2007), which is a software framework for
component-based development and application of environmental models. The J2000 comprises
modules to represent the hydrological physical processes. Each module contains a number of
module parameters which have to be adapted during the application. The main inputs of the
model are hydrometeorology data (precipitation, air temperature, humidity, wind speed,
sunshine duration), a topographic data in Digital Elevation Model (DEM), landuse distribution,
soil information and geological condition. Representative of spatial distributed of topographic
details, landuse, soil and geology is generated into Hydrological Response Units (HRUs). HRUs
are distributed, heterogeneously structured entities with common climate, landuse, and
underlying pedo-topo-geological associations controlling their hydrological dynamics (Flügel,
1995). HRUs are utilized as model entities for J2000.
The J2000 describes the process-oriented hydrological cycle of a drainage basin as a set of
modules and model parameters (Figure 2). Each module can be employed independently
depending on the objectives and the availability of data.
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Figure 2. J2000 model conceptual (modified from Krause, 2001)
In the beginning, the precipitation is divided into rain and snow depends on the air
temperature. Assumed threshold of air temperature must be defined in order to determine the
amount of rain and snow. Above the threshold the precipitation will be defined as rain and vice
versa as a snow. In this area where the air temperature is constantly above zero degrees Celsius,
all amount of precipitation falls as rain.
Interception can be defined as the capture of precipitation by plant canopy and its subsequent
return to the atmosphere through evaporation or sublimation. The interception rate by plant
varies with leaf type, canopy architecture, wind speed, available radiation, air temperature and
humidity of the atmosphere. The interception module in J2000 estimates the maximum
interception storage depending on leaf area index (LAI) and from of precipitation as:
Int max    LAI

(1)

where Intmax = maximum interception capacity (mm), LAI = leaf area index of the particular land
use, α = storage capacity per m2 leaf area dependent on the type of intercepted precipitation
(rain or snow). When the maximum storage capacity is exceed, additional precipitation is
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considered as throughfall which is transferred to the subsequent module. The interception
storage is emptied by evaporation.
Soil water module is structured in process units (infiltration, evapotranspiration) and two
specific storage units (middle pore storage = MPS, large pore storage = LPS, depression storage).
MPS represents the pores with a diameter 0.2-50µm with volume equivalent to usable field
capacity. MPS follows water against gravity and free drainage. MPS is filled by infiltration and
emptied by evapotranspiration only. LPS represents the pores with a diameter >50µm with
volume equivalent to air capacity of soil. Water in LPS is not hold against gravity. LPS is filled by
infiltration, emptied by lateral flow (interflow) and vertical flow (percolation) processes to
recharge groundwater.
Firstly, the input of soil water is come from precipitation and snows melt (if any). Water is
infiltrated and distributed between two storages (MPS and LPS). Maximum infiltration rate
(Infmax) is calculated based on the actual soil water saturation (soilsat) and empirical seasonal
calibration coefficients (soilMaxInfxxx) as:
Inf max  (1  soil sat )  soilMaxInf xxx

(2)

LPS act  MPS act
LPS max  MPS max

(3)

soil sat 

where LPSact = actual LPS volume, LPSmax = maximum LPS volume, MPSact = actual MPS volume,
and MPSmax = maximum MPS volume. Distribution of water between MPS and LPS is computed
depend on the saturation of MPS (MPSsat) as:
 1soilDistMPSLPS 





MPS sat


MPS in  Inf act  1  e 





(4)

and the remaining waters seep to LPS as:
LPS in  Inf act  MPS in

(5)

where soilDistMPSLPS = coefficient for distribution of infiltration into MPS and LPS, and Infact =
actual infiltration rate.
Excess water which is not able to infiltrate is transferred to the depression storage. The
maximum depression storage (soilMaxDPS) must be defined according to the elevation
condition. If the maximum depression storage capacity is reached, the excess water is
transported as overland or surface runoff (RD1). Reduction of water in MPS (RF) is made by
evapotranspiration (evaporation from soil surface and transpiration from by vegetation cover)
and MPS saturation as:
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RF 

MPS act
soilLinRed  MPS max

(6)

where soilLinRed = linear reduction coefficient for evapotranspiration computation. A nonlinear reduction can be selected as follows:
RF  10101MPSsat 

soilPolRed



(7)

where soilPolRed = logistic reduction coefficient for evapotranspiration computation. At the
end, the maximum actual evapotranspiration (AET) is calculated as:

AET  RF  PET

(8)

where PET = potential evapotranspiration. PET can be calculated according to Penman-Monteith
(Montheith, 1975), FAO reference evapotranspiration (Allen et al., 1998), or Hagreaves Samani
(Hargreaves and Samani, 1982).
Water from LPS (QLPS) is distributed into a lateral flow (interflow) (Qlat or RD2) and vertical flow
(percolation) to recharge groundwater (Qperc) depending on the slope (s) as:
Qlat or RD 2  (1  grad perc )  QLPS
Q perc  grad perc  QLPS

(9)
(10)

soilOutLPS
where QLPS  Soil sat
 LPS act , and gradperc = (1 – tan s)·soilLatVertLPS. The model
parameters for soilOutLPS (coefficient for calculation of outflow from LPS) and soilLatVertLPS
(coefficient for distribution of outflow from LPS to the lateral and vertical flow path) are used
for those calculations.

The RD1 and RD2 can be delayed because of the travel time of the water in the model entity.
This retention is considered by relating retention coefficients (soilConcRD1, soilConcRD2).
Finally, the amount of RD1 and RD2 flowing from the model entities (RD1out and RD2out) are
calculated as:

RD1out 

1
 RD1
soilConcRD1

(11)

RD 2 out 

1
 RD 2
soilConcRD 2

(12)

Latterly, the deficit MPS resulting from evapotranspiration can be balance out by water from
LPS. This diffusion (Diff) is calculated as follows:
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 1soilDiffLPSMPS 





MPS sat


Diff  LPS act  1  e 





(13)

where soilDiffLPSMPS = coefficient for diffusion of water from LPS to MPS.
Water in groundwater module is distributed into two storage units. The upper groundwater
storage (RG1) represents in the weathered loose materials on top of the bedrock with high
permeability and short retention time. The lower groundwater storage (RG2) represents
saturated areas for long time with low permeability and long retention time. The recharge of
groundwater is come from the percolation of LPS. Emptying of groundwater is made by lateral
underground runoff component and capillary rise on the saturated zone. The capillary rise
(capRise) is calculated if the groundwater storage is greater than the soil moisture. The water
from RG2 is extracted to the upper soil water storage. The capRise follows as:
1gwCapRise


capRise  soilStor  1  e soilSat 



(14)

where gwCapRise = calibration parameter for capillary rise calculation, ∆soilStor = water content
of the layer above, and soilSat = relative saturation of the soil.
Percolation from upper soil is distributed to RG1 and RG2 according to the slope in specific
model entity (s) and coefficient for the distribution of water into two groundwater storages
(gwRG1RG2dist) as:
potRG1in  (1  gradh )  Q perc

(15)

potRG 2in  gradh  Q perc

(16)

 
 
where grad h  1   tan s 
    gwRG1RG2dist .
 180  






Outflow from the two storages (outRG1, outRG2) is calculated with a linear outflow function
using retention coefficient of storages (kRG1, kRG2) and current storage volume (actRG1,
actRG2) as:
outRG1 

1
 actRG1
gwRG1Fact  kRG1

(17)

outRG 2 

1
 actRG 2
gwRG2Fact  kRG2

(18)
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where gwRG1Fact and gwRG2Fact are coefficient to adapt groundwater storage RG1 and RG2.
The lateral routing transports water from one entity to another entity in lower area until
reaching stream network. Reach routing calculates the water transport in the river network.
Flow processes in river network apply kinematic water approach and the velocity according to
Manning and Strickler (Krause, 2001).
2.2.

Data

Several data are used for an input of hydrological modelling. There are the hydrometeorological
data and the spatial morphologic of the basin. Hydrometeorological are rainfall, air
temperature, humidity, wind speed, and sunshine duration. Observed runoff is used for model
calibration and validation. Morphologic of the basin are described as topographic details,
landuse distribution, soil depth and texture and geological formation.
Morphologic and hydrometeorological datasets are stored, managed and analyzed in the
Jakarta River Basin Information System (JakartaRBIS). RBIS is a web-based environmental
information system focused on time series and geospatial of hydrometeorological data (Kralisch
et al., 2009). JakartaRBIS can be assessed online at the webpage http://leutra.geogr.unijena.de/jakartaRBIS/metadata/start.php. It allows checking the length of data, gap and filling
analysis.
2.2.1. Hydrometerological data
Meteorological data were retrieved from Indonesia Meteorology, Climatology and Geophysics
Agency (Badan Meteorologi, Klimatologi dan Geofisika - BMKG, Indonesia) in precipitation, air
temperature, relative humidity, wind speed, sunshine duration parameters in daily temporal
resolution. Observed runoff data were collected from Water Research and Development
Department, Ministry of Public Work and Dinas Pusat Sumber Daya Air Jawa Barat. Observed
runoff in Nanjung station was used to calibrate and validate the model by comparing simulated
and observed runoff variables.
2.2.2. Morphologic data
Topographic detail was derived from 90m SRTM (Shuttle RADAR Topographic Mission). The DEM
was used to generate slope, aspect, and drainage network model. Spatial distribution of land
use was collected from Indonesia Geospatial Information Agency (Badan Informasi Geospasial,
Indonesia) with 1:250000 scale in year 2005. Soil type distribution and soil profile were collected
from Indonesia Soil Research Institute (Balai Penelitian Tanah, Indonesia). Information of
geological distribution was provided by Indonesia Geological Department (Badan Geologi,
Bandung, Indonesia).
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Investigation of reference system, completeness of geometric features, classification were
carried out to analysis the morphologic inputs (i.e. topographic features, landuse, soil and
geology). Thereafter, the morphologic classes have to be merged applying hydrological process
knowledge. Only classes which have hydrological meaning are considered. Several classes will
be merged if they have identical meaning on hydrology. This reduces the number of HRU and
the computing time will also be reduced.
Landuse
The spatial distribution of landuse data in UCB is shown in Figure 3. In UCB, landuse is
dominated by agricultural areas with 60.7% (see Table 1). Paddy field, vegetation and
horticulture crops are classified in agricultural area. The tropical forest is distributed with 14.2%
in UCB.
Here, the residential area is classified into two categories (residential and dense residential)
based on the population density. Dense residential area is categorized where the area has a
population over 10000/km2. In 2010, the population density in West Java Province is
respectively 1217/km2 (BPS, 2012). The residential area is concentrated in the north-middle. The
total of residential area is 12.6% of non-dense residential and 4.1% of dense residential.
Each landuse class is parameterized into LAI, albedo, surface resistance, the height of
vegetation, and root depth. Those parameters can be obtained from Plant Parameter Database
(PlaPaDa) (Breuer and Frede, 2003). LAI is used to compute the rate of interception. Surface
resistance, the height of vegetation, and root depth is required to estimate evapotranspiration
in soil water module. Albedo is included for calculation of the radiation which is used for input
of evaporation calculation.
Table 1. Percentage of landuse distribution in upper Citarum basin
Landuse
Waterbody
Shrub
Bareland
Forest
Agricultural
Residential
Dense
residential

%
0.2
6.2
2
14.2
60.7
12.6
4.1
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Figure 3. Landuse distribution in upper Citarum basin
Soil
Hydrologically, soil is involved in the evaluation of infiltration, storage, and plant-water
relationships. Soil variables such as texture, depth, and soil structured is required to estimate
those parameters. In this study, soil type of different soil horizons and soil textures had been
collected. Soil categories in the UCB are shown in Figure 4 and Table 2. The information of soil
depth and soil texture is also available in each class. In this area, soil is dominated by andosol
with 45.2% of total area with a silt loam texture. This class is formed from basic and
intermediate igneous rocks on mountainous area. This soil class is situated predominantly in
high terrain area of the basin. The area with lower elevation is dominated by fluvisol soil with
clay textures. Its source is made from deposited of river in level plain or lower area. The soil
depth is varying from 125 to 220cm with 174cm. The thick condition of soil depth due to the
location of basin in a large number of earthquakes and volcanic eruptions occur so-called ‘ring
of fire’. In parameterization, soil depth and soil texture in the percentage of sand, silt and clay
are required. They are used to estimate the volume of two soil storages (LPS and MPS).
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Table 2. Percentage of soil classes in upper Citarum basin
Soil

(%)
Fluvisol
16.9
Regosol
3.2
Ferralsol, andosol
29.1
Acrisol, ferralsol, lithosol 5.5
Andosol
45.2

Figure 4. Soil classes in upper Citarum basin
Geology
Figure 5 shows the spatial variability of geological formation in UCB. It is differentiated into
sedimentary, volcanic, and limestone (Table 3). Most areas of UCB are surrounded by volcanic
mountain with 77.2% of total area and mostly located in high terrain position. Sedimentary
structure is concentrated in the middle area of UCB. Limestone is formed where the
groundwater precipitation occurs. Large springs are also frequently found in limestone areas
(Todd and Mays, 2005). Even only 0.1% of limestone in UCB, this class is still included. The
parameterization of geological formation is carried out to estimate the maximum storage
capacity and retention coefficient of the upper and lower groundwater.
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Figure 5. Spatial distribution of geological condition
Table 3. Percentage of geological condition
Geology
%
Sedimentary 22.7
Volcanic
77.2
Limestone
0.1
2.3.

Model diagnostics

Trend of climate are detected by Sen’s method and Mann-Kendal test. The purpose of trend
testing is to determine if the values of a random variable generally increase (or decrease) over
some period in statistical terms (Helsel and Hirsch, 1992) (Salmi et al., 2002). Here, Sen’s
method is used to estimate the true slope (a change per time) in the series of the climate data
(i.e. precipitation). The significance of increasing or decreasing trends is tested by Mann-Kendall
method.
Agreements between observed and simulated results are assessed using the Nash-Sutcliffe
coefficient (NS) (Huang and Liang, 2006), deviation between simulated and observed results,
and the correlation coefficient (r). The NS is computed as:
n

NS  1 

 Q

s

 Qo 

 Q

o

 Qo 

1
n

2

2

(19)

1
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with Qs = simulated runoff, Qo = observed runoff, Qo = average of observed runoff and n =
number of data.
The correlation coefficient (r) between simulated and deviation between simulated and
observed runoff is given as:
r

 (Q  Q )(Q  Q )
 (Q  Q )  (Q  Q )
s

s

o

s

pbias 

s

(20)

o

2

o

2

o

s
Qtot
100%
o
Qtot

(21)

o
with Qtots   Qs , Qtot
  Qo , Qs = simulated runoff, Qo = observed runoff and Qo = mean
observed runoff.

Sensitivity analysis was also examined in the part of modelling. Sensitivity analysis is a method
to determine how sensitive an input, a model structure and defined model parameters is
regarding to its output. It benefits to understand the influence of input, model structure and
model parameters on the model outputs. In this paper, simple sensitivity analysis is fulfilled by
adding +10% and -10% of each model parameters and evaluate the changes of model output
relatives to baseline output. Sensitivity Index (SI) is calculated as (Roo, 1993):

SI 

Qp10  Qm10
Qbaseline

(22)

where Qbaseline = baseline of simulated runoff, Qp10 = simulated runoff with +10% of model
parameters, and Qm10 = simulated runoff with -10% of model parameters. This sensitivity
method shows the well-defined relation between the changing of model parameters in model
output. The model parameter which has interaction to other parameter cannot be explored by
using this method.
3.

RESULT AND DISCUSSION

3.1.

Climate and hydrological data analysis

Climate condition is one of input for hydrological modelling. Climate is represented by
precipitation, air temperature, atmospheric humidity, wind speed, and sunshine duration. Those
climate databases were carefully analyzed to be used as an input for hydrological modelling. In
terms of time-series data, the analyses comprised (i) checking the length of data, (ii) gap
analysis and filling, and (iii) internal consistency and homogeneity between closer stations.
Checking the length of data as well as gap and filling were done in JakartaRBIS systems.
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Internal consistency of each station was assessed by examining the mean monthly value among
stations. Figure 6a shows the mean monthly precipitation in all stations during the selected
simulation periods (2001-2009). Wet season during monsoon season can be distinguished from
November to April. 85% of total annual precipitation is occurred during the wet season.
Homogeneity between closer stations was verified by double mass analysis between two
stations. In Figure 6b presents the example of homogeneity test in Bandung and Lembang
precipitation stations. A break line in double mass graph indicates the non-homogenous data.
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Figure 6. Precipitation data analysis
Spatial distribution of precipitation stations which were employed in the modelling are shown in
Figure 7. They are well distributed in basin area. Total annual precipitations are varying from
1279mm to 3077mm. The greater precipitation is dominantly located in high elevations. Trend
test were performed by Mann-Kendall and Sen’s method (Table 4). Only stations which have
records more than 15 years are considered in trend testing. Decreasing and increasing of
precipitation are found. Significant decreasing of precipitations are only indicated in Bandung II
and Saguling stations.
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Figure 7. Spatial distribution of mean annual precipitation
Table 4. Precipitation stations
Station
ID
R17
R20
R16
R23
R29
R5
R22
R7
R26
R34
R21
R10
R13

Elevation
(m)
1123
764
1254
670
1460
792
743
1498
693
1231
942
755
959

First
year
1979
1979
1979
1983
1984
1979
1979
1986
1986
1986
1986
1986
1986

Last
Trend
year (mm/year)
2009
25
2009
-12
2009
-4
2008
-17
2009
-20
2008
-10
2004
-29**
2009
-11
2009
31
2009
-18
2005
25
2005
-27
2007
4

No.

Station name

1
2
3
4
5
6
7
8
9
10
11
12
13

Cisondari
Dago
Lembang
Ciparay
Pangalengan
Bandung
Bandung II
Malabar
Cicalengka
Cidadap
Ciwidey Cukanggenteng
Cibeureum Soreang
Cililin

14

Padalarang

R1

698

1979 2009

15
16
17
18

Saguling
Sukawana
Chinchona
Pacet

R2
R9
R8
R4

649
1549
1379
950

1986
1986
1986
1988

2007
2007
2007
2005

-4
-19*
6
-27
25

Gap

1991; 19942000
1992-1993

***=0.01 level of significance (LoS); **=0.05 LoS; *=0.1 LoS
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Air temperature in UCB is recorded 21.4°C as minimum, 30.7°C as maximum, and 25.2°C as
mean. The differences of air temperature between dry and wet season are fluctuating ±0.5°C.
Figure 8 presents the mean monthly temperature in Bandung and Lembang climate stations.
The temperature will drop 1°C per 100m increases of elevation.
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Figure 8. Mean monthly air temperature in Bandung and Lembang climate station
Homogeneity between closer stations were also assessed for observed runoff (Figure 9).
Nanjung and Cikuda runoff stations were evaluated. Nanjung station is located the final outlet
of UCB while Cikuda stations is located in the upstream area of UCB. The distance between
these stations is 27.5km. Hydrological dynamics in UCS is depicted in Figure 10. The high runoff
typically occurs during the high precipitation in wet season from November to April.
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Figure 9. Homogeneity test between observed runoff in Nanjung and Cikuda
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Figure 10. Observed runoff vs. precipitation in upper Citarum basin (UCB)
3.2.

Modelling results

Hydrological modeling was carried out in UCB from 1 January 2001 to 31 December 2009. The
model period was split into calibration (1 January 2005-31 December 2009) and validation
periods (1 January 2001-31 December 2004). Observed runoff in Nanjung station was used to
compare the model output and the observed ones.
During the calibration period, manual fine-tuned for each model parameters were carried out
before do the automatic optimization. This eliminated the model parameters to be considered
in optimization. The value of parameters should have reasonable physical meaning. In Table 5,
the manual fine-tuned parameters are shown. The hydrographs of the comparison between
simulated and observed runoff during the calibration period is shown in Figure 11. The model
performed quite well. It can accommodate the seasonal dynamics during wet and dry season.
The efficiencies result Nash-Sutcliffe coefficient (NS) by 0.76, 0.14% deviation (pbias), and
coefficient correlation (r) by 0.84. During the initial year of simulation periods, the
underpredicted runoff can be seen. Scatter plot and mean monthly average between observed
and simulated runoff can be seen in Figure 12. Underpredicted runoffs are noticed in March,
November, and December. During the May and June, overpredicted runoffs are seen. The
model result during validation period is depicted in Figure 13. It resulted 0.73 of NS, -7.84% of
pbias, and 0.86 of r.
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Figure 11. Modeling result in calibration period
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Figure 12. Observed runoff vs. simulated runoff

Figure 13. Modeling result in calibration period
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Table 5. Model parameters
Model
parameters
Initializing
FCAdaptation
ACAdaptation
initRG1
initRG2

Description
Calibration parameter to adapt the storage capacity of MPS
Calibration parameter to adapt the storage capacity of LPS
Relative storage of groundwater component RG1 at the start of
model execution
Relative storage of groundwater component RG2 at the start of
model execution

Valu
e
0.9
0.7
1
0.1

Interception
a_rain
SoilWater
soilMaxDPS
soilLinRed
soilMaxInfSum
mer
soilMaxInfWint
er
soilImpGT80
soilImpLT80
soilDistMPSLPS
soilDiffMPSLPS
soilOutLPS
soilLatVertLPS
soilMaxPerc
soilConcRD1
soilConcRD2
Groundwater

Calibration for maximum interception storage capacity per LAI for
rain

0.2

Maximum depression storage capacity [mm]
Linear reduction factor for evapotranspiration computation

2
1.2

Maximum infiltration in summer [mm]

40

Maximum infiltration in winter and snow free condition [mm]

50

Relative infiltration part on sealed urban area (> 80% sealing)
Relative infiltration part on less sealed urban area (< 80% sealing)
Coefficient for distribution of infiltration into MPS and LPS
Coefficient for diffusion of water from LPS to MPS
Coefficient for calculation of outflow from LPS
Coefficient for distribution of outflow from LPS to the lateral and
vertical flow path
Maximum percolation rate (LPS to groundwater) [mm]
Recession coefficient for overland flow
Recession coefficient for interflow

0.1
0.5
0.2
1
2.2

gwRG1Fact
gwRG2Fact

Calibration parameter for the distribution of water into two
groundwater storages
Calibration parameter to adapt fast groundwater storage RG1
Calibration parameter to adapt slow groundwater storage RG2

gwCapRise

Capillary rise coefficient

Routing
module
flowRouteTA

Calibration parameter for adapting flow velocity

gwRG1RG2dist

0.4
3
1
2
0.1
4
1
0.000
4
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Simple sensitivity test one model parameter at time was applied in order to find the most
sensitive model parameters. The calculation of Sensitivity Index (SI) is displayed in Figure 14. It
revealed that the model is very sensitive to the linear reduction factor for evapotranspiration
computation (soilLinRed). The model is sensitive to the recession coefficient for overland flow
(soilConcRD1), calibration parameter to adapt the storage capacity of MPS (FCAdapatation), and
outflow from LPS (soilOutLPS).
0.08

Sensitivity Index (SI)

0.07
0.06
0.05
0.04
0.03

0.02
0.01
0

Figure 14. Sensitivity Index (SI) of model parameters
Simulated runoff can be separated into four runoff components (Figure 15). The overland or
surface runoff (RD1) contributes 46% of the total runoff. The RD1 is produced from sealed area
and the excess of saturated soil especially in high precipitation during wet season. Interflow
(RD2 and RG1) is respectively 51% of total runoff. 3% of runoff is supplied by baseflow (RG2).
The greater value of interflow is due to the thick condition of soil depth in the basin.
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Figure 15. Sensitivity Index (SI) of model parameters
4.

CONCLUSIONS

A distributed hydrological model named J2000 was performed to reconstruct the hydrological
dynamics in upper Citarum basin (UCB). The model requires inputs of the hydrometeorology
data (precipitation, air temperature, humidity, wind speed, sunshine duration), a topographic
detail derived from a Digital Elevation Model (DEM), landuse distribution, soil information and
geological condition. The period of hydrological modelling covered from 2001 to 2009, at a daily
time step. The modelling tasks comprised the preparation of study area domain represents as a
hydrological response unit (HRU) derived from overlayed topographic details, landuse, soil and
geological distribution. The setup also included the preparation of hydrometeorological datasets
and parameterization of landuse, soil and geology data. Total annual precipitations are varying
from 1279mm to 3077mm. The greater precipitation is dominantly located in high elevations.
Trend test were performed by Mann-Kendall and Sen’s method. Decreasing and increasing of
precipitation are found. Significant decreasing of precipitations are indicated in Bandung II and
Saguling stations. Observed runoff in Nanjung station was used to calibrate and validate the
model by comparing simulated and observed runoff variables. The model was calibrated for
2005 to 2009 and validated for 2001 to 2004. The model performed fairy well. During the
calibration period, the model gave the efficiency results of Nash-Sutcliffe (NS) by 0.76, the
corresponding coefficient correlation (r) by 0.84 and 0.14% deviations. Throughout the
validation period, 0.73 of NS, 0.86 of r, and -7.84% deviations were achieved. Runoff is
dominantly produced by interflow with 51%. Surface runoff and baseflow are respectively 46%
and 3%.
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