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SUMMARY

The discharge in the Citarum river in West Java, Indonesia frequently exceeds the
discharge capacity, causing floodings on the highly populated river banks. In this report
the influence of land use change and climate change on the discharges in the Citarum
river is investigated. The outcome is a scenario framework in which four scenarios are
formulated based on fictitious model parameter changes in the used hydrological model
and based on the A1 climate scenario from IPCC (2007).

The research is done by means of building and applying a hydrological model. The HBV
model is a conceptual, semi-distributed model that is regarded as suitable for this
modeling problem. The hydrological data that were necessary for the calibration and
validation of the model were scarcely available for this study. In total five years of
hydrological data have been available for the assignment. The poor quality of the data
turned out to be an important restraint on the model performance, as the maximum
Nash Sutcliffe coefficient was 0,65. The availability of high quality data would lead to
better model results and thus would facilitate the achievement of better model results in
future projects.

It has been tried to relate the land use change with the model parameters. As the model
does not simulate the discharge very well it is impossible to draw this relationship. The
calibration results show a Nash-Sutcliffe efficiency ranging from 0,55 to 0,65 with the
Thiessen averaged rainfall, while the results varies from 0,41 to 0,58 for the
arithmetically averaged rainfall. According to the scenario framework the continued
deforestation and the climate change cause the discharges in the Citarum to be more
variable. This means that the occurrence of very low and high flows increases and the
peak flow is higher compared to the scenario with no land use change and no climate
change.

The land use in the Upper Citarum area has changed dramatically. In 2005 the built-up
and industrial area was 76% while this was 60% in 1997. The extreme scenario from
[PCC states that the temperature will increase on average by 2 degrees, while the
precipitation increases a few millimeters per day in winter and spring and decreases
one millimeter per day in autumn.

The resulting framework is a supportive means for policymaking but cannot be used for
quantitative predictions. The scenarios show that policymaking should aim at reducing
the climate change. Furthermore, at a local level the government should try to stop the
conversion of forestrial area into industrial and built-up area in order to reduce the
indundations.
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1. INTRODUCTION

1.1 BACKGROUND
Since the very beginning all over the earth human societies have had to deal with
floodings. Floods are potentially very dangerous: many lives have been taken by the
floods in for instance the Yangtze river (China) in 1998. In Bangladesh over 1000 people
were killed by floodings, caused by three weeks of rain (O’Connor, 2004). Floodings are
a common problem in the world. In Indonesia, one had to deal with floodings for several
times also. “Flash floods hits Bandung, killing one”, the Jakarta Post headed late March
2009 (Suwarni, 2009). Hundreds of houses were inundated due to excessive high
discharges in the Citarum watershed.
Another flooding in the Citarum watershed
occured in April 2010. The damage was
estimated up to hundred million dollars (Nus,
2010). The floodings also cause damage to
the paddy and crop fields in the area. The
question arises: what are the causes of these
floodings? This will be the subject of this
thesis.
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FIGURE 1: FLOOD IN CITARUM
WATERSHED (BY DAYAPUTRI, 2008).

The growing demand for wood as fuel has led to continued deforestation in Indonesia
(Directorate General of Water Resources Development, 1989). More recently, Machbub
et al. (2003) suggested this deforestation together with industrial development are the
main causes of the floodings. Thus, the change of land use is suggested as being the
perpetrator of the inundations. Land use change causes a decrease in the retention
capacity of the soil (Nik, 1988). From a hydrological perspective the floodings brings up
several questions. We could wonder how issues like climate change and land use change
influence the relation between rainfall and discharges. As illustrated by the above
mentioned examples, there is a need for information about future discharges so
appropriate measures can be taken. Measures include decouraging incentives for
developers who want to build in the watershed area or even legal restrictions. When it
comes to future predictions, the relation between land use change, climate change and
the discharges has to be clear. These relations can be described with a hydrological
model. A hydrological model is a simplified representation of the water balance in a
specific area in which rainfall and discharges are related (Booij & Krol, 2010). A
hydrological model can also give insights in future discharges based on fictitious land
use, climate change and rainfall.

Chen et al. (2009) state that land use change is a force that can change hydrological
processes dramatically. Land use change alters hydrological processes like interception,
infiltration and evaporation in such a way that it magnifies or diminishes the total runoff
and peak discharges from a river. Besides land use change, the change of climate causes
an global increase in extreme rainfall events and higher temperatures which can
increase the area that is prone to floodings (IPCC, 2007).

Several models have the capability of taking into account directly or indirectly the
impact of land use change on discharges (Viney et al.,, 2008). These models vary from
lumped to distributed regarding the spatial resolution. Models can also range from



statistically-based to physically-based. In statistically based models the data are
processed with statistical procedures in so-called black box models. Examples are auto-
regressive models and artificial neural network models (Bruen & Yang, 2006). The
physically-based models use physical principles that actually occur to describe
relationships.

The usefulness of a model depends on the amount of available data. Statistically based
models need less specific data records than physically based models (Viney et al., 2008,
Saghafian et al.,, 2007). The Storm Water Management Model (SWMM) is such a
physically based model. This model has many parameters, which for instance represent
surface roughness and slope (Rossman, 2011). Nevertheless, physically-based models
require more specific data about internal processes. These data are probably not
available for the catchment area of this study. This makes the SWMM model not very
likely to be appropriate for application in Indonesia.

The Hydrologiska Byrans Vattenbalansavdelning (HBV) model (Lindstréom et al., 1997)
is a conceptual semi-distributed model. This means the model is based on sound
scientific knowledge, but is also understandable for users and has a good model
performance. The HBV-96 model is an improved version of the HBV model (Bergstrém,
1976). A major improvement is the ability of dividing the catchment area into subbasins.
This leads to more accurate results (Lindstrom et al.,, 1997). Because the HBV model is
semi-distributed, it is not able to handle much spatial variability of the hydrological
processes (Legesse et. al., 2003). The conceptual model is in between physically based
and statistically based models. The HBV model has few model parameters and requires
less data than fully distributed models.

The HBV model schematizes a catchment area as different linear reservoirs that are
connected with each other by flows (Lidén & Harlin, 2000). These flows are described by
equations. The parameters in these equations are determined by either past field
experience or by calibration, which is comparing observed and predicted discharges
(Ferket et al., 2009). By tuning parameters a good fit of the modelled discharges to the
observed discharges can be obtained. This fit is more specifically the extent to which the
objective function deviates from the ideal value. This fit is measured in the calibration
and validation process by means of a performance criterion. The parameters have a
physical meaning, but are not measurable. This is because the parameters represent
effective values on a catchment scale (Seibert & McDonnel, 2010). The main limitation of
the HBV model for predicting the impact of land use change is that land use is not a
specific parameter in the model but it is rather represented indirectly by some
parameters. With a lack of reliable data, the model cannot be calibrated to the wanted
level and thus the application of the model will not be succesful. The HBV model is a
compromise between the wanted level of describing the hydrological processes on one
hand and the availability of the data on the other hand. The HBV model seems suitable
for application in Indonesia and will thus be used for modelling the Citarum river.

Being able to predict the impact of land use and climate change on discharges is valuable
for developing management policies for catchment areas (Saghafian et al., 2009).
Besides, quantifying the impact of land use and climate change on the hydrological
response of a river basin is a current challenge in the field of hydrology (Ashagrie et al.,



2006). Developing a HBV model will help to gain insight in the impact of these changes
on discharges in the Citarum river.
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1.2 RESEARCH QUESTIONS AND OBJECTIVES

Before we can identify research questions, the problem needs to be defined. First, the
problem lies in the fact it is not clear what the impact of land use and climate change is
on the discharges of the Citarum river. This leads to the need for a hydrological model
for relating land use and climate change with the discharges. The main problem lies in
the fact there is no quantitative basis on which policy making can be based regarding the
relation between land use and floodings in the Citarum river. Policy making can play an
important role in preventing the Citarum river from future floodings by influencing land
use in the catchment area. This focus on future developments is the starting-point for
this report. By means of developing a reliable hydrological model the impact of land use
and climate change on discharges in the Citarum river will be shown which will be used
for creating future scenarios.

The objective of this thesis is as follows:
“To model the impact of land use change and climate change on the discharges in the
Citarum river.”

In order the reach this objective the following main question is answered:
“What is the impact of land use change and climate change on the discharges in the
Citarum river?”

The following questions need to be answered:

- What are hydrological properties of the Citarum watershed?

- What is the quality of the available data and how can it be used for the calibration and
validation HBV model?

- What are the results of calibration and validation for different periods with different
land use?

- What is the change of land use and the (prognosed) climate change?

- What do land use and climate change mean for the discharges in the Citarum river?

1.3 OUTLINE

In this report first the used methods are described in chapter 2. The HBV model is
examined and the calibration and validation methods are described. The methods for
the sensitivity analysis and parameter uncertainty analysis are given as well. In chapter
3 both the catchment area characteristics and the available data are discussed. Chapter 4
first shows the results of the sensitivity analysis and parameter uncertainty analysis.
The chapter continues with the test for climate change and land use change. The
calibration and validation results are also discussed in this chapter. The scenario
framework will be drawn, based on the found relation between land use change and
climate change. Chapter 4 concludes with a discussion of these results. In chapter 5
concluding remarks are made and some recommendations are given for policymaking.

11



2. METHODS

In the chapter Methods the data processing of precipitation, the potential
evapotranspiration and temperatures is illustrated. Subsequently, the HBV model is
exemplified. After this, the methods for sensitivity analysis of the model outcome for the
parameters is explained. The chapter proceeds with a report of the parameter
uncertainty analysis, followed by a description of the calibration and validation process.
The chapter concludes with the land use change and climate change in relation to the
HBV model.

2.1 PRECIPITATION

As the precipitation measurement stations are unevenly spread over the area a
correction has to be executed in order to determine the average precipitation in the
area. The Thiessen method will be used (Dirks et al., 1998). In the Thiessen method the
sensoring stations are connected by lines. Then, perpendicular lines are drawn at the
middle of these lines that mark out the areas belonging to each station. The relative area
of each station is the weight factor Ck in calculating the average rainfall in the total area.
In formula:

T, AgP
ID ; LR Z CFE.PFE

Where P is average precipitation, Ax is the area, Pk is the precipitation at a station. The
average precipitation will also be calculated by normal averaging as this enables the
possibility to compare the results of two types of calculating rainfall.

2.2 POTENTIAL EVAPOTRANSPIRATION AND TEMPERATURES
The potential evapotranspiration can be estimated by (Hargreaves & Samani, 1982):

1

PET = 0.0075 R, - C,* 62" Ty, v

where R, is the net radiation, C: is a humidity coefficient, & is the difference between
mean minimum and maximum monthly temperatures and T is the average temperature
in the timestep. From this formula it becomes clear the temperatures are very important
in calculating the potential evapotranspiration (PET). As the PET data are already given
there has only to be attention for a possible climate trend in the temperature data (see
paragraph 3.2.4). The formula can be used for calculating the new PET, based on a
temperature increase as the PET increases linearly with day temperature . The mean
monthly temperatures according to the Directorate General of Water Resources
Development (1989) and expected increases according to the Fourth Assessment
Report: Climate Change (IPCC, 2007) are used for this calculation. The new PET in a
scenario becomes:

Tomomenty + AT
PET,,, = PET,,;" m"’;’“}

monthly
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2.3 HBV MODEL

The HBV model consists of three reservoirs (Lidén & Harlin, 2000). These are the soil
box, the upper response box and the lower response box. The water content of these
reservoirs are respectively the soil moisture (parameter SM), water height h,; and water
height h;,. The flow from the soil box to the upper response box is determined by the
capillary flux, comprising parameter CFLUX and the actual and maximum soil moisture
storage. The recharge is the opposite flow and is determined by the precipitation,
maximum soil moisture, actual soil moisture and parameter . The evapotranspiration
depends on the maximum and actual soil moisture, parameter LP and the potential
evapotranspiration. The percolation is also determined by a parameter PERC, parameter
p and the actual and maximum soil moisture. The total outflow comprises a flow from
the upper response box and from the lower response box. These flows are determined
by a retention time K and in case of the upper response box, also by h., soil moisture,
maximum soil moisture and parameters a and f. The parameter MAXBAS determines
over how much days the calculated discharge of one day is distributed. The discharge is
distributed by a triangular distribution function (Lindstrom et al., 1997). This parameter
could be necessary for big catchment areas (>1000 km?), because the retention time of
the water in the catchment area probably exceeds the timestep. Because the modeled
catchment area comprises 1675 km?, the MAXBAS parameter might be necessary in the
model for this watershed and is therefore taken account for in the model
implementation.

The HBV model is summarized in the following flowchart (Lidén & Harlin, 2000):

R
R =(ﬂ i Capillary flioe=CFLUX| TC.-54|
FLFC L Frc )
o L3
Percolarion=PER *‘”F?] Rainfall
Evapo
et transpiration Soil box

By 0. =K, h,
':.jl.'x -k —E— =

(s
FEd=| — |EF if X A
[LP] if EM <LP

EA=EF i SMzLP

Upper
response box

Weighs on (J

Lower
response box

—
MaXBAS ™€

FIGURE 2: THE HBV-96 MODEL (BY LIDEN & HARLIN, 2000).
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2.4 SENSITIVITY ANALYSIS

Before the HBV model is calibrated it is useful to know how the model reacts on changes
in parameters. Such a sensitivity analysis shows which parameters have much influence
on the model output. The sensitivity analysis in this assignment is conducted by varying
each parameter over the range as suggested by Lidén & Harlin (2000), while for a
random day in the time period 1997 - 6/1999 the discharge is recorded. The results of
the sensitivity analysis is shown in the chapter Results.

2.5 CALIBRATION AND VALIDATION PROCESS

The Nash Sutcliffe coefficient (NS) is often used to measure the overall appropriateness
of the shape of the modeled hydrograph (Nash and Sutcliffe, 1970). The Nash Sutcliffe
coefficient is defined by:

= (Q: — QL)

Ns=1-— =
{:1(@2 - Q;,r.ng‘

Where Q, is the observed discharge and Qm is the modeled discharge. The Nash Sutcliffe
coefficient emphasizes higher discharges because the difference between the observed
and modeled discharges are squared. The Nash Sutcliffe coefficient will be used as target
function. Because the Nash-Sutcliffe coefficient may show good results while the
simulation of the overall water balance can be poor, the Relative Volume Error is
calculated as well (Booij & Krol, 2010). The relative volume error (RVE) is an indicator
that tests the performance of the model regarding the simulation of the overall water
balance in the watershed (Deckers et al., 2010). The relative volume error is defined by:

=4(Q5 — @)

T
=10

RVE = 100-

In a study of Lidén et al. (2000) a certain degree of equifinality is demonstrated with the
HBV model: a certain degree of model efficiency was reached through different sets of
parameters. It is rarely possible to obtain a ‘winning’ parameter set. The calibration
process will be carried out using a Monte Carlo simulation so the calibration results are
not arbitrary. In this simulation, randomly chosen parameters will form a predefined
amount of parameter sets. The winning parameter set is the set which produces the best
scores on the objective function. In a study with the HBV model the testing results got
stable after 5000-10000 simulations (Shrestha et al.,2009). Thus, 10000 simulations are
carried out for each time period in this thesis.

In table 1 the lower and upper limits and starting values are given as suggested by Lidén
etal. (2000).

14



TABLE 1: PARAMETER STARTING VALUES (LIDEN ET AL., 2000).

Parameters Units Starting values Lower limit Upper limit
FC mm 400 100 800

LP mm 100 100 800 & < FC
B - 2 1 6

CFLUX mm-day-! 0.1 0 1

PERC mm-day-! 1 0.1 5

Kupper day1 0.2 0.05 0.8

Kiower ‘day-? 0.05 0.0005 0.1
MAXBAS day 1 1 4

[v4 - 0,5 0 3

After calibration, the model is validated with the Nash Sutcliffe coefficient and relative
volume error. For the effect of the initial states of respectively the soil box, upper
response box and lower response box is taken care of by setting these at the average
values of the model after a first calibration which is not recorded in the results.

The following data periods are available (see also paragraph 3.2): 1997-2001 and 2005.
The dataset is divided into three subsets for calibration and validation. A split-sample
test is used (Klemes, 1986). This leads to the data division of months in the following
table.

TABLE 2: DATA PARTITION FOR CALIBRATION AND VALIDATION [MONTHS]

1/1997 - 6/1999 7/2000-12/2001 1/2005 - 12/2005

Calibration (Months) 20 20 8
Validation (Months) 10 10 4

The calibration and validation are carried out by using two methods for calculating the
average areal rainfall. In the first method the rainfall data of the eight stations are
averaged without weighting. In the second method the rainfall data are weighted using
the Thiessen method.

2.6 PARAMETER UNCERTAINTY

The uncertainty in the parameter estimation of the HBV model is assessed using the
earlier mentioned Monte Carlo simulation (Seibert, 1997). In this Monte Carlo
simulation, the HBV model is run with 100,000 different parameter sets for the period
1997 until 6/1999. For each run the Nash Sutcliffe efficiency is recorded. This range of
the parameters is the same as the ranges set by Lidén et al. (2000). After this, a scatter
plot can be drawn from the results with the Nash Sutcliffe efficiency on the y-axis and
the parameter on the x-axis. The upper boundary curve reveals the extent to which each
parameter is defined.
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2.7 LAND USE CHANGE AND CLIMATE CHANGE IN THE HBV MODEL

Land use influences the soil surface properties. In a case study of a 3220 km? catchment
in tropical South Central Ethiopia the impact of climate and land use change on the
water balance was simulated using a distributed rainfall-runoff model (Legesse et al.,
2003). This study shows the impact of a fictitious change in land use on the discharges
by means of a possible scenario only. This was done by changing the parameters
‘maximum soil water capacity’ and the ‘vegetation cover density’. The model showed a
significant higher peak discharge as a result of changing the parameters. In another
recent study for a subtropical catchment of 727 km? in China, land use scenarios were
modelled using a land use model called CLUE-s. For each land use type the model was
calibrated for 14 parameters. By means of the HEC-HMS model the peak discharges were
simulated based on the parameter sets belonging to the land use type (Chen et al., 2009).
The results showed that the expansion of the built-up area led to increased total runoff
and higher peak discharges as well. The study also proved that the sensitivity of the
hydrological response for land use change increases when the rainfall events take place
less often.

Some lessons can be learnt from these studies. The first one is that the parameters FC
and LP in the HBV model are likely to be subject to change due to land use change,
because these parameters are related to the soil. The second point is that more built-up
area leads to higher peak discharges. One can imagine that in a built-up area
precipitation runs off more quickly because the water retention capacity of the area is
low. The lack of vegetation means the lack of a sponge function. Therefore, Ky is also
likely to be subject to change when the land use changes. The surface properties can
have influence on the evapotranspiration. This follows also from the HBV model as the
actual evapotranspiration is calculated by means of the maximum soil moisture
parameter LP. Concluding, based on the conducted parameter uncertainty analysis
especially the parameters a, f and K. are suitable for measuring a change caused by
land use change. As there is, according to literature, no physical explanation for the
change of the parameters a and S, the most likely parameter to change is Ku;.

The relevant factors in the HBV model regarding the climate change are the
precipitation and temperature (IPCC, 2007). A simulation of the future scenarios will be
made by adjusting the precipitation and evapotranspiration based on the Fourth
Assessment Report on climate change of IPCC, which is further discussed in paragraph
3.2.

Noclimate change

A 2-by-2 matrix will be created

with the land management on 3P-0 (precptaton ap-0

the horizontal axis and climate Forest:36% Forest: 15%
change on the vertical axis Progressive land

(figure 3). In calculating the e

Forest: 36% Forest: 159

1 wanter = 2 ATwinter = 2.25 APuinur =2
scenarios, the data and j:..._m,=3 ATsprng=2.32  APuinur=3
parameter set for the period St Pt el

1997-6/1999 will be used as a
base scenario in the upper left S

corner. to [PCC report
FIGURE 3: A LAND USE CHANGE AND CLIMATE CHANGE SCENARIO FRAMEWORK.
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In the base scenario it is assumed no change occurs in land use because of progressive,
sustainable land management. The climate stays the same too. In the upper right corner
the climate stays equal, but the land use changes dramatically. The deforestation is the
result of conservative land management. In the lower left corner the land use does not
change, but the climate changes according to the worst case scenario described by IPCC.
In the lower right corner both the land use and climate change, leading to an extreme
scenario. This figure will also show the amount of days on which the discharge exceeds
200 m3/s or is lower than 5 m3/s. These are arbitrarily chosen values which reflect the
amount of days with a significant high or low discharge, based on the average discharge
of 79 m3/s in the whole data series.
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3. STUDY AREA AND DATA

In chapter 3 a description of the study area is given. Furthermore, the streamflow,
precipitation and evapotranspiration data that are discussed. Lastly, the change in land
use and climate is discussed.

3.1 THE CITARUM WATERSHED

The Citarum watershed is the largest among Indonesia’s catchment areas, with a total
surface of 12000 km? (Citarum Integrated Water Resource Management Project, 2007).
25 million inhabitants live in this watershed, making the Citarum river a very important
factor in people’s daily lives. The river rises at an elevation of 2200 m on the Mount
Wayang near the southern coast of West Java. It generally flows in northwest direction
until it reaches Bekasi, just east of Jakarta. The river is 270 kilometers long.

The study area of this thesis is restricted to a part of the Upper Citarum watershed as the
data comes from the discharge measurement station Nanjung, located south of Bandung.
The Upper Citarum watershed comprises 4400 km?, while the catchment area of the
Nanjung discharge station amounts to 1675 km? (Takeuchi, Jayawardena & Takahasi,
1995). See figure 4.

: /1_,, die @ %@G"ﬂq

. sLusscarad oee m, D
A B versn sl ra REPUBLIC OF muouuu

A & 3 ,. i . ¥ .'

Nanjung sy 4 '

(disclﬂrg tatis n} ' 4\\ - f/ I'
E‘E;-q . ! r? “}F:gﬁ%um{ l‘\_B =

J

o < BASIN OF CITARUM RIVER

T

FIGURE 4: THE CITARUM WATERSHED (BY TAKEUCHI ET AL., W. (1995)).

The several volcanoes make the altitudes in the catchment area considerably variable.
The annual average precipitation and estimated potential evapotranspiration are
respectively 2118 mm and 2040 mm, while the temperature amounts to 24 degrees
Celsius averagely in the period 1982-1993 (Takeuchi et al.,, 1995).

In the Upper Citarum catchment the exploitation of the hilly area for farming purposes is
popular (Directorate General of Water Resources Development, 2001). Vegetables are
planted on the expense of forest. The deforestated ground does not give enough
protection to the soil and has a decreased power to capture the rain, leading to
increased peak flows during heavy raining and low flows during droughts.

Until twenty years ago, the land was mostly covered by paddy field and forest (Watung,
Tala’ohu & Dariah, 2005). After this, the land turned into developed area and
agriculture. In paragraph 3.2.4 the changes in land use will be described more
extensively.

18



3.2 DATA

The discharge data at station Nanjung, the precipitation at eight stations spread over the
catchment area and the potential evapotranspiration originate from the University of
Twente. The temperature data come from the website of the National Oceanic and
Atmospheric Administration (2011). Furthermore, there is data about the land use in
the Upper Citarum area coming from Watung et al. (2005). Data about climate change is
coming from IPCC (2007). In this paragraph the data are further described.

3.2.1 STREAMFLOW DATA

In a study from Perrin et al. (2007) streamflow data of at least one hydrological cycle
(one year) have been found as the minimum requirement for building a sound model.
The calibration results of rainfall-runoff models were used to determine how much data
are necessary. The study shows that the Nash-Sutcliffe coefficient in general stabilizes
after 350 timesteps. Using a split sample test, in which two third of the timesteps is used
for calibration and one third is used for validation, a minimum of 525 timesteps per land
use period would be required. The acquired streamflow data for the Citarum river
consists of data from 1997-2001 and 2005. The first data period is sufficient for dividing
it into two datasets, but the last period (2005) is too short.

TABLE 3: STREAMFLOW DATA

Streamflow data
N 2194
Missing values 0
Range 4.4 - 469.3

The minimum and maximum values show consistency with the ranges described in
literature for the Citarum (Takeuchi et al., 1995). From this perspective, the data seem
reliable.
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3.2.2 PRECIPITATION DATA

As described in chapter 2, the Thiessen method is used for weighting the data from the
rainfall measurement stations. In total eight stations are spread over and near the upper
Citarum catchment area. In figure 5 the thick red lines separate the polygons.

TABLE 4: RELATIVE SURFACE ACCORDING TO
THIESSEN METHOD

# Name Relative

surface (Cx)

1 Dangdeur 0.20

2 Bandung 0.04

3 Pangalengan 0.23

4 Malabar 0.04

5 Lembang 0.11

6 Saguling 0.20

7 Cililin 0.11

8 Ciparay 0.07

> 6= 1.00

FIGURE 5: APPLICATION OF THIESSEN METHOD
(IMAGE BY CITARUM INTEGRATED WATER RESOURCE
MANAGEMENT PROJECT, 2007).

TABLE 5: PRECIPITATION DATA

Precipitation stations # 1 2 3 4 5 6 7 8
N 2194 2194 2117 2194 1804 2163 2194 2194
Missing values 0 0 77 0 390 31 0 0
Range 0-192 1-88 0-89 0-91 0-133 0-152 0-91 0-128

A total of 498 values are missing. Prékopa and Szantai (1978) state that streamflows
often follow the Gamma parameter distribution. Furthermore, the 2-parameter Gamma
distribution function is the most preferred function for precipitation (Hanson & Vogel,
2008). Therefore, in the data analysis a 2-parameter Gamma probability function is used
for identifying the occurrence irrealistic values. Because the catchment area is tropical it
has to be considered there is a rain season and a dry season. Therefore, there is much
variability in precipitation data throughout the year. The ranges of the measurements
from each precipitation station show this variability. This means it does not make sense
to use a global gamma distribution for filling in missing values. Therefore, for each day
on which one of more values are missing the remaining values are used for calculating
the average rainfall, taking into account the relative weight of each station according to
the Thiessen method.
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3.2.3 POTENTIAL EVAPOTRANSPIRATION DATA

As in literature the distribution of evapotranspiration is often considered normal, this
distribution is used for assessing the evapotranspiration (Luke, 1987, Woodhead 1970).
The potential evapotranspiration data for the Citarum watershed seem to follow a
normal distribution with a mean of 4 mm and a standard deviation of 0.59 mm.

Values that differ more than three times of the standard deviation are considered as
outliers. Thus, values should be D N p + 3-o.

TABLE 6: POTENTIAL EVAPOTRANSPIRATION DATA

PET data
N 2194
Missing values 0
Range 1.8-6.3

The PET data set is complete and have no outliers according to the described criterion.

3.2.4 LAND USE DATA

The change in land use in the upper Citarum watershed is outlined by Watung et al.
(2005). In distinguishing the types of land use it is important to look at the hydrological
properties of each type. Paddy fields are fields in which rice is grown. The so-called
mixed gardens are places for growing vegetables. In this thesis the most important
property is the water retention capacity. As Watung et al. point out, forest, paddy field
and mixed gardens have the ability to absorb water and thus reducing runoff. This
implies that a decline in the percentage of these land use types and an increase in built-
up area will cause a decline in soil moisture capacity. The following table is acquired
from Watung et al. (2005).

TABLE 7: DEVELOPMENT OF LAND USE IN UPPER CITARUM CATCHMENT AREA (ACCORDING TO
WATUNG ET AL. (2005)). * ESTIMATED VALUES

[km?2] 1997 1998 1999 2000 2001 2005
Forest 555 545 535 525 425 225*
Paddy field 700 675 650 625 625 625*
Mixed 490 435 380 325 300 200*
gardens

Other 2655 2745 2835 2925 3050 3350*
Total 4400 4400 4400 4400 4400 4400
Percentage 40% 38% 36% 34% 31% 24%*
Forest,Paddy

field, Mixed

gardens / total

For the land use the values for 2005 are calculated by extrapolation the linear trend. The
category Other consists of industry and built-up area. A student’s t-test is conducted on
the derived percentages in the Results chapter.
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3.2.5 CLIMATE CHANGE

The climate is likely to be subject to change in the coming decades. The IPCC conducted
research on the change of the climate (IPCC, 2007). In the IPCC reports, six scenarios are
distinguished. The main drivers are the population growth, economic growth and the
development of energy technology. The trends used for the Citarum are based on the
most extreme scenario in which a high future CO; emission is expected (leading to an
increase of CO2 emission of 1.58% per year). Furthermore the economy does not shift
towards renewable energy and the population increases significantly. The global
prediction following from this scenario is an increase in temperature of 4.0 degrees until
2050. The climate model of IPCC uses physical principles for relating key processes on
earth with the climate. As the models are spatially distributed the climate change for
certain areas can be simulated. An increase in surface air temperature of 2 degrees
towards 2050 for the area of Southeast Asia is reported in the extreme scenario. This so-
called Al scenario assumes further globalization and a strong focus on economic
development (IPCC, 2007). The precipitation is likely to increase 3 mm in spring and
decrease 1 mm in autumn. See table 8.

TABLE 8: PROJECTED CHANGES IN SOUTHEAST ASIA
2050 IN A1 SCENARIO (IPCC, 2007).

Increase temperature Increase
[degrees] precipitation [mm]
Winter 2.25 2
Spring 2.32 3
Summer 2.13 0
Autumn 1.32 -1

These changes will have an impact on the hydrology of the Citarum river catchment. The
increased temperatures lead to an increased evapotranspiration and an increase of the
precipitation in the winter leads to higher peak flows, while the reduction of the
precipitation in the autumn can extend the periods of low flows. The increases in
temperature and precipitation in the described scenario are adopted for the climate
change scenarios in this thesis. This is done by adding up the precipitation and
precipitation increase per season in the data series. In paragraph 2.2 it is explained how
the increase in temperature will be implemented in the data.
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4. RESULTS AND DISCUSSION

In this chapter the results of the sensitivity analysis and the parameter uncertainty
analysis are discussed. The chapter proceeds with respectively the calibration and
validation of the model and the t-tests for land use change and climate change in the
data. Subsequently, the relation between land use change and the model results is
examined. Furthermore, a scenario framework is created. The chapter concludes with a
discussion of the obtained results.

4.1 SENSITIVITY ANALYSIS
In figure 6 the change of a discharge Q is given for changes in parameter values.

1 1 1 1 1 I L - 1
a 200 400 B0 g000 200 400 500 s000 1 2 3

FC [mm] LP [mm] alfa [-]
Q q
a 2 4 kO 0.5 1a 2 4 a]
Beta [-] CFLUX [mmiday] FERC [mmiday]
\ Q
a 0.2 0.4 0.6 0.s0 0.05 0.1 2 3 4
Kuz [1/day] Klz [1/day] MAXBAS [days]

FIGURE 6: GRAPHICAL REPRESENTATION SENSITIVITY ANALYSIS

The parameters CFLUX and PERC have a linear relationship with the modeled discharge.
Ki; and Ky are very influential for the discharge. The sensitivity decreases when Kj,
becomes bigger and when Ky, gets smaller. Parameter LP and FC show sensitivity for
specific ranges. Parameter alfa is only working for a very small range, making this
parameter very important. The greatest sensitivity for beta is shown near 1. As MAXBAS
can transform the discharge to a distribution over more days only, it does not make
sense to interpret the continuous sensitivity of the modeled discharge for this
parameter. The sensitivity of the model result for the other parameters will be different
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for different timesteps. It is therefore useful to draw the above graphs with a
performance indicator like the Nash Sutcliffe coefficient. Due to time restrictions this is
not done in this thesis. In paragraph 2.5 there will be attention for the uncertainty of the
parameter estimation.

4.2 PARAMETER UNCERTAINTY

The results of the parameter uncertainty analysis divide the parameters in two groups.
The first group consists of the well-defined parameters a, 3 and Ky. Figure 7 illustrates
the upper boundary curves that show only for a specific range the model result is
optimal, while for parameter values deviating much from the optimum the model result
gets worse.
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parameter alfa parameter beta parameter Kuz

FIGURE 7: UPPER BOUNDARY CURVES ALFA [-], BETA [-] AND Kuz [1/DAY]

The second group of parameters consists of the poor defined parameters, which show a

more or less equal model efficiency over a broad range of parameter values. These
parameter are Kj,, CFLUX, PERC, FC and LP. See figure 8.

() o o

z 1 E g 1

2 : o S

5 5 i

1] o £

z s <

@ e 7

= ' = @

[ oo = 4]

Z D 0.05 0.1 = 0 05 1 parameter PERC
parameter Klz pararneter CFLLX

g 1 . . . =

z 3

£ B

2 e

: :

b= @

73] @ . : .

= @

o o

o - = 0 200 400 600 800

= 0 200 400 BO0 800

parameter FC parameter LP

FIGURE 8: UPPER BOUNDARY CURVES Kiz [1/DAY], CFLUX [MM/DAY], PERC [MM/DAY], FC [MM] AND LP
[MM].

From this parameter uncertainty analysis it can be concluded that it is uncertain if the
parameters of the second group will be estimated correctly by the HBV model. The same
results can be obtained with values over a broad range. It will therefore be hard to relate
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the change of these parameters with a changing land use.

4.3 CALIBRATION AND VALIDATION RESULTS

The best results are obtained with the calculation of the rainfall according to the
Thiessen method. The results for the normally averaged rainfall and the rainfall with the
Thiessen method are shown in tables 9 and 10 respectively.

TABLE 9: CALIBRATION AND VALIDATION RESULTS WITH NORMALLY AVERAGED RAINFALL.

Parameters  Units 1/1997-6/1999 7/1999-2001 1/2005-12/2005
FC mm 201 177 166

LP mm 180 171 163

B - 1.59 1.52 1.23

CFLUX mm-day-1 0.050 0.709 0.123

PERC mm-day-1 4.56 3.23 1.34

Kupper -day-! 0.091 0.056 0.070

Kiower -day-! 0.0287 0.0142 0.0436

MAXBAS day 2 2 2

o - 0.029 0.016 0.10

NS [-] RVE[%]  NS[] RVE[%] NS[-] RVE [%]
Calibration 0562 1210 0407 -274 0576  -17.0
Validation 0458 -162 0002 -37.0 0110  7.47

An almost reasonable Nash Sutcliffe coefficient is reached for the first and last
calibration period with the normally averaged rainfall. Though, the overall model
performance is poor. Especially the validation results are disappointing.

TABLE 10: CALIBRATION AND VALIDATION RESULTS WITH THIESSEN WEIGHTED AVERAGE RAINFALL.

Parameters  Units 1/1997-6/1999  7/1999-2001  1/2005-12/2005
FC mm 450 230 266

LP mm 440 133 263

B - 1.004 1.113 1.002

CFLUX mm-day-! 0.029 0.044 0.085

PERC mm-day-! 0.15 1.63 0.61

Kupper -day1 0.026 0.028 0.061

Kiower -day-1 0.08 0.061 0.0534

MAXBAS day 1 2 2

« - 0.09 0.007 0.096

NS [ RVE[%] NS[-] RVE[%] NS[-] RVE [%]
Calibration 0645  -1.00 0553  2.84 0554  -12.72
Validation 0564 -328  -007 -374 0134 755

The results for weighted rainfall, are best for the period 1/1997-6/1999 with a Nash
Sutcliffe efficiency of 0.645 and 0.564 for the calibration and validation respectively. The
resulting hydrographs are shown in figure 9, 10 and 11.

In the first hydrograph, 1997 - 6/1999, the modeled curve follows the observed curve

25



quite well, except for the peak flows in some periods. The model does not seem
responsive enough to the sudden increases and decreases in rainfall.
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FIGURE 9: OBSERVED AND MODELLED DISCHARGES 1997 - 6/1999

In the hydrograph from 7/1999 - 2001, the model seems not reactive enough to the
rainfall variability. Furthermore, especially in the validation period, the overall water
balance is not simulated properly as the simulated flows are much lower. This also
follows from the relative volume error of 37.4% for this period.
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FIGURE 10: OBSERVED AND MODELLED DISCHARGES 7/1999 - 2001
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FIGURE 11: OBSERVED AND MODELLED DISCHARGES 2005

In the hydrograph of 2005 the reason for the poor model performance is visible. At
approximately day 75, the modeled curve goes down while the observed curve is going
up. Incorrect rainfall data is likely to be the perpetrator of this discrepancy. Together
with the period 7/1999-2001 the performance of the model on the period 2005 is
disappointing.
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4.4 CLIMATE AND LAND USE CHANGE

4.4.1 CLIMATE CHANGE
In this paragraph results of the check for the influence of climate change and land use
change on the recorded data are given. A two-tailed student’s T-test is conducted on
precipitation and temperature data. A 99% confidence interval is used for rejecting the
zero hypothesis. If for climate change the zero hypothesis is not rejected, the climate as
possible factor that alters the hydrological parameters is excluded.

TABLE 11: AVERAGE ANNUAL PRECIPITATION 1997-2001, 2005 AND T-TEST

Year Precipitation Annual average precipitation 1997-2001, 2005

[mm/day] _
1997 4.7 L2 %A

wE 6,0 TV LR 4
1998 7.4 8 E A ‘ii A -
1999 5.7 & 4,0 mennee =Lineair
2000 5.2 3% 5o (Reeks1)
2001 5.8 Z g; 0,0 . . .
2005 5.8 &
1985 2000 005, 2010
Time [year]
T-test (Two-tailed)
Y=Px+C+e n=6
Cl=99%

Ho: B=0 (Ho rejected if T-score > T-limit)
Hq: B 0
T-limit: 4.03 T-score: 0.008 < 4.03

As the T-score is not exceeding the T-limit, Ho cannot be rejected. Thus, it cannot be
assumed there is a trend in the precipitation data. For the temperature data Ho is also
not rejected. This means we cannot assume there is a trend in the temperatures data in
the period 1997-2005. See the following table.

TABLE 12: AVERAGE TEMPERATURE 1997-2001, 2005 AND T-TEST

Year Temperature . Annual average temperature 1997-2001, 2005
|degrees Fahrenheit]
1997 82.4 L5 826
1998 82.1 %PE' 3 23’3 i A maaen = Lineair
1999 & '_:'; 5 E 82:0 -‘H """" (Reeksl)
2000 82 § ‘g £ 81,8 A
2001 81.8 <2 316 : : ,
2005 82.2 # 1995 2000 2005 2010
Time [year]
T-test (Two-tailed)
Y=Px+C+e n=6
Cl=99%
Ho: B=0 (Ho rejected if T-score > T-limit)
Hi: 20
T-limit: 4.03 T-score: 0.043 < 4.03
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As the climate is usually defined as the average weather conditions over a period of 30
years, it is not surprising no visible trend is found (Slingo, 2010).

4.4.2 LAND USE CHANGE

If a student t-test is conducted at a confidence level of 99%, Hy is rejected. This means

there is a significant decline in forestrial area, paddy fields and mixed gardens. The

negative trend will be used for the scenarios in the further report. See table 13 for the

summary of the results.

TABLE 13: STUDENT'S T-TEST LAND USE.

T-test (Two-tailed)

Y=Bx+C+¢ n=5

Cl =99%
Ho: B=0
Ha: B#0
(Ho rejected if - T-limit > T-score > T-limit)
T-limit: 5.84
T-score: -19.0

[%]

PercentageF,P, M

Percentage F, P, M period 1997-2001

60,0
40,0 Ak "Wy
20,0 LELELE = Lineair
0.0 : . (Reeksl)
1995 2000 2005
Time [year]
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4.5 RELATION LAND USE AND MODEL RESULTS

The results for the normally averaged rainfall are poor. Even for the Thiessen averaged
rainfall the model performance does not meet the expectations. The Nash Sutcliffe
coefficient should at least be 0.80 (Seibert, 1997). Therefore, reliable suggestions about
the relationship between the extent of forestrial area and parameters are hard to make.
The short period of data is a factor that inhibits the possibility to draw this relationship
too. In the further report, the found parameters of the Thiessen averaged rainfall for the
period 1997 - 6/1999 will be used as the Nash Sutcliffe efficiency for this time period
appeared to be the highest.

A decrease in the parameters FC and LP is seen over the three periods, but this decrease
can also be caused by the parameter estimation uncertainty as described in paragraph
3.2.7. Taken this together with the model performance, a relationship can not be drawn.
In the calibration, the parameter Ky, seems to increase over time. This response
parameter is likely to be altered by land use change because of the change in water
retention capacity. In case of heavy rainfall, the water runs off more quickly and in case
of drought there is less water that was earlier retented and can be released now.
Furthermore, Ky, is a well-defined parameter as is demonstrated in paragraph 2.5, so a
change of this parameter could be plausible. Nevertheless, the evidence based on the
model results is too weak for drawing the relationship.

In developing the scenarios some limitations show up. The main limitation is that only
climate change and land use change are considered as drivers for the development of the
hydrology in the Citarum watershed. There are other factors like human activity and
economical development which directly have their impact on the hydrology on their
own. These factors are beyond the scope of this thesis and are only considered indirectly
as the land use is driven by several factors and climate change is a function of several
factors too. The second limitation is the poor relationship between model results and
land use change. Therefore, the scenario should only be interpreted as a supportive
means.

29



4.6 LAND USE AND CLIMATE SCENARIOS
The 2-by-2 matrix with the land management on the horizontal axis and climate change
on the vertical axis is based on the period 1997-6/1999. See figure 12 for an overview.

Noclimate change

AT =0 (temperature) AT=0
AP =0 (precipitation) AP=0
Forest: 36% Forest: 15%
Progressive land Conservative land
management management:
Deforestation
Forest: 36% Forest: 15%
ATwinter =2.25  APwiner =2 ATwinter =2.25  APuantar =2
ATspring=2.32  APwimer=3 ATspring=2.32  APuinter =3
ATsummer =213 APuinree =0 ATsummer =213 APusater =0
ATwtmun =132 APwinter =-1 ATautmun =132 APunter =-1

Climate change according
to IPCC report

FIGURE 12: SCENARIOS LAND USE AND CLIMATE CHANGE, 2040-2059

Kuz is 0.026 for 36% of forestrial area (upper left scenario), according to the calibration
value. As followed from the parameter uncertainty analysis and literature research, Ky
is the parameter that logically alters by land use change. Because no clear relationship is
found, a fictitious value for parameter Ky is assumed. Ky is assumed 0.08 for 15%
forestrial area (upper right scenario) because the retention time decrease with more
built-up area.

The data are adjusted for climate change in the lower box scenarios. Put together, four
scenarios are simulated with the HBV model for 2040-2059. The results of each scenario

are given in figure 13 and figure 14.

No climate change
Qpeax = 208mi/s Qpes = 241mi/s
Qe = 1.3mé/s Qe = 0.33mi/s
Qe = T4mi/s Quz = 75mi/s
Q> 200mi/s: Sdays Q> 200 m%/s: 27 days
Q<smi/s: 76 days Qesmi/e 89 days
Progressive land Conservative land
mani;me:\: Yl’-i.'!l;!:l’.ﬂ'l::
Qpeak = 258mi/s Qpeak = 299mi/s Deforestation
Qe = 0.11mi/s Qi = 0.05mi/s
Que = 96 mi/s Qag = 97 mi/s
Q> 200m?/s: 38days Q> 200mi/s: 76days
Qesml/s: 78 days Qesml/s: 117 days
Climate change according
to IPCC report

FIGURE 13: RESULTS SCENARIOS LAND USE AND CLIMATE CHANGE
ACCORDING TO HBV MODEL, 2040-2059.
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In figure 14, the changes in percentage compared to the upper left scenario are shown.

No climate change

16 %
-75 %
1%
400 %
17 %
Prograssive land Conservative land
management management:
: 24 % 44 % Deforestation
-92 % -9 %
30 % 31 %
660 % 1420 %
3% 54 %
Climate change according
to IPCC report

FIGURE 14: CHANGES IN PERCENTAGE IN SCENARIOS LAND USE AND CLIMATE CHANGE
ACCORDING TO HBV MODEL, 2040-2059.

An increase in high flows and decrease in low flows occurs both when shifting from the
base-scenario to the upper right scenario and to lower left scenario. The increase of the
peak flows when shifting from a left to a right scenario can be explained by the reduced
water retention capacity as there is less forestrial area, which causes the water the run
off more abruptly. As less water is retented, there is less runoff in case of the absence of
rainfall. The increase when shifting from an upper to a lower scenario is caused by the
altered water balance. There is a general increase in precipitation and
evapotranspiration, but the precipitation has the upper hand as the average streamflow
is higher. According to the scenario framework, the highest peak flow and lowest flow
occur when there is conservative land management and considerable climate change. In
this extreme scenario, the amount of days on which the streamflow drops below 5 m3/s
and exceeds 200 m3/s is the highest among the four scenarios. It seems that climate
change has more influence on the indicators than the fictitious land use change in this
case as the lower left scenario shows more extreme values than the upper right scenario.
As the value of Ky is arbitrary, no conclusions can be drawn from this last point.
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4.7 DISCUSSION

In this thesis it is aimed to gain insight in the effects of land use change and climate
change on the hydrology of the Citarum river. Unfortunately, the model could not
provide a simulation of high quality. There are a few possible explanations for this.

The rainfall data or discharge data are possibly not totally synchronized with each other.
Although the discharge seems to be low for periods of little rainfall, it is hard to check if
exactly the same days are recorded for both types of data. For some rainfall stations the
data were lacking but the average rainfall for these timesteps was calculated by the
remaining stations. The available data entries can be of too poor quality as well.

Another explanation of the model results is the delineation of the watershed compared
to positions of the rainfall stations. Some of the rainfall stations might be too far from
the core of the watershed and therefore might give false information about the rainfall.
In figure 5 the application of the Thiessen method is shown. In this figure it is visible that
stations 1, 5 and 6 are quite far away from station 3, which lies in the center of the
watershed. Stations 1, 5 and 6 are the stations which have a relatively high weight in
averaging the rainfall. Although, if this explanation is valid, a worse result from the
Thiessen method is expected compared to the normally averaged rainfall, but this is not
the case.

The hydrographs in paragraph 4.3 show that the model is not able to simulate sudden
peak discharges well. This could be caused by a too low value for K, although this
response parameter is acquired by the Monte Carlo simulation and leads to the best
model results for this dataset. There are no near dams or other artificial disturbances
upstream of the discharge station, but a few kilometers downstream there is a lake on
which the water of the Upper Citarum watershed is discharging. As a downstream
disturbance can have influence on the water level more upstream and thus on the
calculated discharge, the lake might be a factor that inhibits the extent to which the
discharge can be properly modeled for this station.

In a study from Mohseni & Stefan (1998) the low validation results are explained as
measurement errors. Seibert (1999) points out that many studies lack the testing of the
model because there is too little data available but especially when the model is used for
more than just simulating the discharge it should be tested and validated thoroughly.
Otherwise the model is likely to give misleading results. It is therefore important to gain
at least satisfactory calibration and validation results.

Deckers et al. (2010) state that the model structure of HBV can also be the perpetrator of
poor model results. Deckers et al. also state that even a model criterion of NS > 0.75 is
very strict. This implies the stakes are made too high in this thesis, especially because
the study area is in a developing country. Concluding, taken into account the good
performance of the HBV model in other studies, the HBV model could be appropriate for
application for the Upper Citarum watershed but it is likely that at this time the data are
qualitatively too poor for using it as input for the HBV model.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The Citarum river seemed not to be very suitable for modeling with the HBV model. The
catchment area is rather large and is very hilly, which of course are properties that have
effect on the modeling of a watershed. The main restraining factor is the available of
hydrological data with sufficient quality. The available data consisted of five years of
hydrological data. Some data entries were missing.

The calibration results show a Nash Sutcliffe efficiency ranging from 0,55 to 0,65 with
the Thiessen averaged rainfall, while the results varies from 0,41 to 0,58 for the
normally averaged rainfall. It can be concluded that the Thiessen average leads to a
better performance than the normally averaged rainfall. Although the Thiessen method
leads to better results as some rainfall stations are very near but get a very unequal
weight because one station is on the outside, it might be questioned if this is the best
weighting method.

The land use in the Upper Citarum area changes dramatically. In 2005 the built-up and
industrial area was 76% according to extrapolation, while this was 60% in 1997.
According to the Al scenario from IPCC, the climate change causes the temperature to
increase on average 2 degrees, while the precipitation increases a few millimeters in
winter and spring and decreases one millimeter in autumn.

The continued deforestation and the climate change cause the discharges in the Citarum
to be more variable. This means that the occurrence of very low and high flows increases
and the peak flow is higher compared to the scenario with no land use change and no
climate change.

5.2 RECOMMENDATIONS

The scenarios show that policymaking on a global level should be aimed at diminishing
climate change. As the climate change is caused by an increased amount of greenhouse
gases in the atmosphere, the emission of these gases should be reduced (IPCC, 2007).
Especially, the increase of CO; in the atmosphere, caused by the burning of fossil fuels, is
a result of human activity.

On a more local level the government in West Java, comprising the Citarum catchment
area, should protect the remaining forest in the area so the frequency of floodings in the
watershed will not be further increased and the number of periods of very low flows is
limited. Recent actions with this aim have already been taken. For instance, the West
Java council proposed to establish a better cooperation in preventing the forest
conversion in the West Java area by means of legislation (Suwarni, 2011). The council
also tries to get budget from the province which can be used for creating a more forest
friendly community. Despite the efforts, the forest management seems not to be
sufficient. A recent estimation states that the West Java area covered with forest is only
18 percent, while the provincial government set its target at 45 percent (Abdullah &
Sulistyawati, 2008). This target seems to be irrealistic for the coming decades when the
land use trend according to Watung et al. does not make a huge turn. Therefore,
improvements have to be achieved in the effectivity of the forest management if the local
government wants to decrease the frequency of floodings.
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A last recommendation is in place regarding the data. If the West Java government wants
to get more insight in the causes of the discharges in the Citarum river, the quality and
quantity of data collection and registration in the area should be improved. Besides, the
data should be widely available for academical purposes. Only in this way the area will
be more often the subject of study. Each academic exercise will lead to more information
about the hydrological consequences of land use change and climate change, which is of

high importance for the lives of the millions of people who live at the river banks of the
Citarum.
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