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Summary

Water quantity problems in rivers such as drougimd floods occur quite intermittently in
Indonesia, in particular on Java, and cause ecarantiuman and environmental problems.
These problems are difficult to solve, due to theklof knowledge. The Cidanau River,
situated on Java, Indonesia, is important for thenemical development of the region,
because it is the only river in its surrounding i@ province) with an adequate discharge to
make the water economical exploitable using a safeth. The prediction of the discharge
with the HBV model may help to make this water exgltion efficient. Furthermore it is
helpful to use this model as a benchmark modekHerdevelopment of a more physically
based model, which will quantify the groundwaterelebesides the discharge. Therefore the
objective of this research is to predict the disghaf the Cidanau River with the HBV model
to obtain a benchmark model so that outcomes othige future developed physically-based
model can be compared.

In this research a simplified version of the HBV debhas been used. For this conceptual
hydrological model nine years of daily data abainfiall and evapotranspiration are used as
input for the model. Furthermore, seven calibrai@mameters need to be calibrated with
discharge data over the same period. The resals@ind prediction of the discharge. During
extreme discharges the errors are relatively Hrgin.the low water periods errors are caused
by a constant base flow. On the other hand, thaadlyaaveraged rainfall may not properly
represent the rainfall in the area during highfedirevents, causing an underestimation of the
high discharge peeks.

For further research it is recommended to investitfae meaning of the values of calibration

constants. The values of some of the calibratiorstamts appear to be largely different from

other studies. This difference may be caused byatige retention capacity of the area, which

mainly consist of paddy fields and swampy areatteurthe discharge data may be biased by
an inconvenient location of discharge measureni@getause the discharge is measured just in
front of the dam, high peeks in the discharge aeasured delayed due to the retaining effect
of the dam upstream. It is also recommended fothéurresearch to use an automatic

calibration in stead of calibrating manually to y&et converging to a local in stead of a

global optimum.
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1. Introduction

1.1 background

Indonesia faces various severe environmental pnublevhich are usually difficult to solve
because of the lack of knowledge or measurementbldts are, depending on the season,
floods and drought causing human, industrial, agftical and environmental harm. Java is an
island with a very high pressure on the environmlergsources due to its high population
density and is therefore sensitive for water quamtioblems. Climate changes will probably
contribute a worsening of the situation. Precimtatin Indonesia is expected to increase
about 6-7% (Cruz et al. 2007) on average and veMlehmore extreme values. For example
Setiawan et al. (2009) confirms this for the stadga of this research, the Cidanau River. In
the case of the Cidanau River it is very usefuhtestigate the water quantity, because it is
the only river in Banten province (west Java) thas enough discharge to make water
extraction economically exploitable, which makes surrounding industry depending on this
river.

Other contributions to a worsening of the hydratadjisituation on Java are changes in land-
use, deforestation, industrialization, and changesop type, which usually lead to a faster
run-off and might result in more flooding of river$he precise consequences of these
changes are still unknown. From the knowledge different type of crops does not require
the same amount of water, it might be obvious th#erent land use exerts influence on
groundwater level and water run off, although emmeis missing. To investigate these issues
a hydrological model will be needed which takesperties of the region like for example its
soil into account.

In general a characterization in hydrological med=n be made by making a distinction in
what extent the model is statistically or physigdilased and with regard to the spatial
accuracy of data, in what extent the model is luwinpe distributed (Carpenter and
Georgakakos, 2006; Strezepek and Yates, 1997)rélhered model can be characterised as
a distributed differential model (Todini, 1988),chese it is discretized in time and space.
This model is meant to have physically based paemiewhich makes lengthy hydrological
records for its calibration unnecessary. The ongngple of this type of models has been
developed by the Danish Hydraulic institute, theitifit Institute of Hydrology and
SOGREAH (France) and is called SHE (Abbott et H386). Unfortunately, because of its
complexity and high data demands it is not prattrcéndonesia.

For the development of this new hydrological modek useful to make a good comparison
possible. Although outcomes of this model can Helaged by measured discharges, it will

also be valuable to compare the outcomes with omtsofrom a benchmark model as

Sivakuma (2007) emphasizes. This will give a bettelerstanding of the appropriateness of
the model. Therefore a distributed integral moael,more specific a conceptual rainfall-

runoff model, can be used to predict the dischariga certain catchment (Todini, 1988).

Those models give in general good predictions,itba¢eds to be calibrated with data over a
long time and are inappropriate to many pressingrdiggical problems, especially those

related to the impact of man’s activities on larsg-ghange and water quality. With respect to
this, it can therefore only be used as a benchmadtel to validate the model that will be

developed. This report deals with the results ofraceptual discharge model.



The model used is a simplified version of the HBWdal. The HBV model is a widely used
model, which has already been applied in at le@stdintries, as Bergstrém (1995) and
Lindstrom et al. (1997) state. In Indonesia the eldtis not been applied as far as known. It
has a sound physical description but is not so ¢exnp has a very high data demand and
does not have a lot of free model parameters, edlyewhen a simplification is used (Lidén
and Harlin, 2000).

1.2 Objective and research questions

The aim of this research is to predict the discharith the more conventional conceptual
HBV model of the Cidanau River and to obtain a Imemark model so that outcomes of the in
the future developed physically-based model cacopepared.

This objective can be divided in the following rassh questions, which will be discussed
further in this report:

* What are the characteristics of the examined wagel3

* How have the used data been calculated or measured?

* What is the best way to obtain spatially averageafall from the given data?

* What are sources of inaccuracy in the used datanahe results?

* Does an application of the HBV model give a gooedprtion for the discharge of the
Cidanau River?

1.3 Outline

First, in chapter 2 an overview of the used modejiven. After a short description of the
HBV model, the way of calibrating the model will latarified. Further, the methods are
described for the way how the given climate ancchiisge data have been obtained.
Subsequently in the first part of chapter 3 a dpson of the watershed is given, which
further emphasises the importance of the areah®idcal economy. In the second part of
chapter 3 the used data are further discussedieBléis of this application of the HBV model
are shown in chapter 4. The results have shortagsnfor specific periods, for example
during high and low discharge. The discussion @kséhpoints follows after the results in
chapter 4. Finally, in chapter 5 this is concludetiowed by some recommendations for
further research.



2. Method

2.1 The HBV model

More than 35 years ago the HBV model has been dpedlat the Swedish Meteorological
and Hydrological Institute to predict and simulasnfall-runoff behaviour (Bergstrom and
Forsman, 1973). Since that time it became a stdrtdat for runoff simulations in the Nordic
countries and during the years the model facedtaflanodifications and the scope of
application has also increased steadily. The HBWdehccan be classified as a semi-
distributed conceptual rainfall runoff model and&sed on a sound physical basis (Lindstrém
et al., 1997). As its developers state, the maateant to be understandable for users and
the number of free parameters should be kept toirmammam in order to prevent over
parameterization.

The model has six routines, namely a precipitatautine for snowfall and melting, a routine
for soil moisture, a fast response routine, a stesponse routine, a transformation routine
and a river routing routine. For each routine redy simple relation(s) needs to be calibrated

The HBV-96 Rainfall-Runoff Model
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Figure 2.1: model structure and parameters of the BV-96 model (Lidén and Harlin, 2000)



in order to get a good result. In the model versibhindstrom et al., (1997) precipitation as
function of land height and the storage of watesa®w are taken into account, but for this
application a simplification is used as Lidén anarlih (2000) did. Because of the climate,
snow is not relevant for Indonesia and becauseheflack of data effects of height on
precipitation are not taken into account. Due ts #implification only daily information
about precipitationK) and the potential evapotranspirati@P) is needed as input for this
model and the unknown parameter values are foundablyration against observed runoff.
Usually at least 5 to 10 years data are neededder @dhat the records include a variety of
hydrological events and that the effect of all switines of the model can be discerned
(Bergstrom, 1995; Lindstrom et al. 1997; Graham Bedgstrom, 2001). Unfortunately, the
catchment of the Cidanau River can not be divised different subcatchments, because of
the lack of suitable data in this catchment, se #piplication can be characterized as lumped.

The used version of the HBV-96 model is shown gurfe 2.1. As implied in this model
scheme the water that will come into the grounith idie model regarded as the precipitation
minus the actual evapotranspirati®®, so this amount of water is added to the soilstune
storage 8M). This soil moisture storage will recharge parttefvolume each time step to the
upper and the lower response box and fill thesee®axith water until a certain heightyg
andh_zrespectively). The actual evapotranspiration depeamdthe availability of water in the
ground, determined blyP andSM, and the potential evapotranspirati&®). The recharg®

to the groundwater is calculated with a non-linedationship between the precipitation and
the soil moisture. The upper response box domirtaeesunoff shortly after a rainfall event
Quz, while the lower response box will give a longntebase flowQ,z. The sum of these
outflows is the predicted outflow of the riv@gom.

2.2 Calibration and Validation

With a part of the available data from river disgjes, a number of calibration parameters of
the model have been optimized. The commonly E¢Nash and Sutcliffe, 1970), defined in
formula 2.1, can be used for both making the resutiparable with other applications of the
HBV model, for example with Lindstrom et al. (199ahd for a good indication of the
appropriateness of the model.

: . 12
Z[Qcom (I ) Qe (I )}

R2 =1- |=nl .
;[Qrec (i ) Qe (i )}

Where Q,,, and Q... are the computed and recorded discharge respiyctinetime step
which goes from 1 tilh.

2. 1)

R? should be as close as possible to 1 in order tthgebest predictions in the future. To test
the performance of the model in simulating the allevater balance, the Relative Volume
Error RVE can be used (Booij, 2005):

Zn:Qcom (i)_Qrec (')

RVE =100 (2.2)

> Qu (1)

Whether the model is really applicable on the cateht can be tested with another set of data
applying a split sample test (Klemes, 1986).Thécation is executed by trial and error with




the starting values as mentioned in Lidén and H48D00), see table 2.1. Each parameter is
optimised individually, keeping the other parameionstant. After calibrating all parameters
ones beginning with FC, all parameters had to bpistel again, because of linear
independency, till the optimal values have beerched. This process is executed for two
different methods of determining the spatially aged rainfall. Lidén and Harlin (2000) used
for their automatic calibration a lower and uppenit for the parameter values as can be seen
from table 2.1. During the calibration the values the Cidanau River some parameters
converged to values that exceed this suggesteésalinis is discussed further in chapter 5.

Table 2.1: Parameter values before calibration
Parameter | Starting values

FC 400 [mm]

LP 75 [mm]

K 3 []

CFLUX 0,1 [mm/day]

a 1 []

PERC 1 [mm/day]

K4 0,005 [/day]

2.3 Determination of rainfall

For the determination of the spatially averaged am®f rainfall two methods have been

used, which will be compared in chapter 4. For ba#thods the model has been calibrated
and validated. The first method is taking an averager all the stations in the surrounding
region:

Pp=Xtl (2.3)
m

Where B, is the rainfall of station k on time stépm is the number of stations aflis the
precipitation that is ought to be representativihemwhole catchment.

Because some of the station are located outsidedtthment and these stations will give a
less representative amount of rain for the aresgcand method is used, which is called the
Thiessen Method. In this method the amount of alififom the closest station to a certain
point in the catchment is ought as representativéhfat area (Dirks et al., 1998), defined as:

m

ZMP() "
Pt g ——=2GMR() 2. 4)
ZA

Where Ak is the area of the part of the catchment thatughbtto have same rainfall as in

A
2 A

k=1

station k. Ck is a coefficient determined B = standing for the importance of a

certain station in the Thiessen calculation.
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2.4 Evapotranspiration

The potential evapotranspiration data has already lWetermined for this research. This is
done with the Hargreaves method, because this mhedguires in comparison with the more
common Penman Monteith method (Monteith, 1988) tizda. The Hargreaves method needs
only two climatic parameters: the temperature amddent radiation, instead of the five
climatic parameters required for the Penman Madmtatuation: temperature, relative
humidity, wind and net radiation (Wu, 1997). Remgrthese data in a developing country is
rather difficult, which makes the Hargreaves methodre obvious (Khoob, 2008).
Hargreaves method is based on the following formula

ET, =0,0135T + 17, 78R, [ﬁj (2.5)

Where in ET, is the required potential evapotranspiration in,nimthe temperature in °C
and R, the incident solar radiation in Langleys per dape Langley is equal to one calorie
per square centimetrdR, is the shortwave radiation that reaches the serfat a certain
place, which will be less than the radiation sepdh® sunR,, because of interception from
particles and clouds in the atmosphere. Becaustheredata is unavailabldy, is assumed as

equal to the incoming radiation at a cloudless dag multiplied with a constant factor to
represent cloudsR, has been calculated according to FAO guidelindeiffet al. 1998) as

described in formula 2.6:

24(60)

R, = G, [, | ) [3in(¢) + cod¢) Ocoéd) O sifww) | (2.6)
Where:G_, solar constant 0,082MJ [ Omin*

d. Inverse relative distance Earth-Sun

«, Sunset hour angle

@ Latitude [rad]
o0 Solar decimation

All these parameters depend on the day of the gedrthe latitude, which are known. For
their precise calculation is further referred tdealet al. (1998).
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3. Study area and data

3.1 Study area

The catchment used for this application in Indoaesithe watershed of the Cidanau River,
which covers about 220 KnfBuhdi et al., 2008). The river is located in thestern part of
Java, mainly in Serang regency (Banten Provincd)pamtly in Pandeglang regency, see also

figure 3.1 and 3.2.
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Figure 3. 1: Location figure 3.2 on Java
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Figure 3.2: location Cidanau watershed
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The area is surrounded by several volcanic mousitama due to these mountains the water in
the river keeps a certain height till it reachegaterfall close to the coast. Formerly, there had
been much more water in the area, because thisusea to be a lake, but because of
manually excavation of a channel besides the waltemost of the land (most of the darker
blue area in figure 3.3 became dry and suitabl@adpiculture. Although there is less water in
the region, the watershed still contains a lot atex, especially in the light blue area (figure
3.3), which mainly consists of swamp forest andrapa@rass and is a nature protected area.
This is the only remaining swamp area on Java amttans several endemic species
(Shiozawa, 2004). The land-use in the area is ptedan figure 3.4. From this picture can be
concluded that most of the land is covered witk,nghich tends to retain the available water
as long as possible. Also the swamp area tendsdp Wwater in the area for a long time.
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Figure 3.3: Topographical map Cidanau.

The catchment is exposed to two seasons, a drgrsé&asn June to October and a wet season
from November till May (Budhi, et al., 2008). Dugithese periods the rainfall is 50 — 87 mm
and 133 — 346 mm per month respectively to theadd/rainy season.

The watershed is rather important for the develogroéthe surrounding region, in particular
for the city Cilegon, because the Cidanau Rivethes only river in the region that has an
adequate discharge during the dry season to prdkielesurrounding industry with enough
water. The water is extracted 500 meter from thestand exploited by the PT Krakatau Tirta
Industry (PT KTI), a subsidiary company from PT katau Steel. This water is extracted at a
hydrologic dam and pumped through a pipe to a bafsin5 million m* to provide constant
water availability at the place of processing dgrimaintenance. The maximum design
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capacity of the pipe is 26’/ s, but the actual capacity is only 20/s (PT Krakatau Tirta
Industri, 2009) provided by three pumps.
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LAND COVER
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+ + !
Figure 3.4: Land-use Cidanau watershed (Rukzapol «dl., 2006)

3.2 Data

De required data for this application are, as no@etil in chapter two, the climate data (i.e.
precipitation and evapotranspiration) as input #reddischarge data to calibrate and validate
the model. The availability of these data during yfears is shown in the time bar in Figure
3.5. In this picture the gaps in the data are shiowed. To calibrate and to validate the data,
the data should not contain gaps, because the darobumter in the different response boxes
depends on the situation in the past and withadahdirge data the output of the model cannot
be compared. Eventually gaps could be filled witeraged values from the same periods in
other years, but has not been used in this reseaccording to the split-sample test (Klemes,
1986) the nine years of data are divided into tvaotgthat consist of complete years: a
calibration period of five years and a validatiaripd of four years. The available data before
the calibration period is used as starting-up tise,that the amount of water in the soll
moisture model box and in the upper and lower nespdoxes already depend on the past,
before it is taken into account for the calculatisritheR? and theRVE. The starting values of
the validation period will be considered as the sa% the end values of the calibration period
and consequently does not need a start up time.r@dngired data will be discussed here
further to give a better understanding how the dataobtained.

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
| | | | | | | | | | | |
Dischargeidata -j |
Climateidata |
Calibration period Validation period

Figure 3.5: Availability data
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3.2.1 Climate data

The rainfall data consists of 5 stations in thercunding of the catchment: Cinangka,
Ciomas, Mandalawangi, Padarincang and Serang. Twhese stations do not lie in the
catchment and one is very close to the border ttearsea. The result after applying the
Thiessen method is shown in figure 3.5. This p&torakes clear that, with applying the
Thiessen method, the data from the Serang stalionld not be taken into account and that
Cinangka and Padarincang have a very small inflei@mcthe calculated rainfall. This makes
the rainfall mainly depending on only two statiomterefore the calibration is also executed
with an average rainfall over all the 5 stationse ToefficientsC, as defined in formula 2.4

are shown in table 3.1.

Table 3.1: Factors rainfall stations with Thiessemimethod

Station Cv
Serang 0,00
Ciomas 0,40
Mandalawangi 0,02
Padarincang 0,51
Cinangka 0,07
1,00

105°50° 105751 105752
o7 |

68—

gg—

gL =F
105*50° 10551

tDEL

T

105:53' 105754 105:55' 105:56'

- i e— -
52 108°53  105°54' 105°55'  105°56"

105; 57" 105: 58'

~— ——
105°57"  105°58

105:59' 1qﬁ’ 1OEI~°1' 10?“2' 106°3 106°4'

&8

- Leg

-
\ \-_
30— _ e ~ -6e10"
Ri | ) e 6°11
ERFS 3 4 812"
*13' auy
314" 814

615

515

e aMT

618"

. *

R e
105%58" 106"

ST p— ——
106" 106°2" 10673 106°4

Figure 3.6: Catchment with Thiessen method

The required temperature data for the evapotraatsmir have been obtained from only the

Serang station. Although this station is outsidedatchment and is less representative for the
rainfall, it is assumed to be a reasonable estonafdr the temperature, because it can be
assumed in this tropical region that the tempeeatdithe catchment and the station about 25
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kilometres from the centre of the catchment is alntbe same. With this assumption the
influence from different land heights is neglected.

3.2.2 Discharge data

The discharge is measured at the dam that provitesvater company with their water,

which is located in the river 500 meters from ste (green square in figure 3.5). The
discharge consists of two parts which are meassgpdrately, namely the part that is pumped
to PT KTI and the part that is flowing over the damd continues its way to the sea. The
calculation of the first part is based on the numdfepumps working at a certain moment.
The second part is measured with a float and aemiad mechanism that notes the water
height at every moment on a paper. After one wéek gaper has to be refreshed, the
discharge will be calculated with formula 3.1 anavéd to be entered into the computer
manually.

Q. = 3600[( 1,708H: [L, + 0,85H, ELZ) (3.1)

The first part of this formula is for the water tha flowing over the dam itself, the second
part stands for the water that is flowing over abrbarrier which is used for sedimentd,

and H, are the water height above the dam and the sedipagrier respectively (see figure
3.7) and are assumed to be equiaandL, are the width of the dam and the sediment barrier,
see figure 3.8.

S
Side-view (cros-section A-A’)
Fiqure 3.7: side-view darr

Unfortunately this way of measuring discharge idtroes a lot of errors. In the first place the
equation is determined after the beginning of tk@atation of the clean water in 1978 (PT
Krakatau Tirta Industri, 2009), but may have beconsecurate, because of changes in the
geometry of the river. Furthermore, because ofddu®, the water is retained upstream and
influences the discharge measurement close todime Adlso the part of the water that goes to
the water utilization is not accurate, becauseatiathe water is measured. The main part is
measured based on the number of pumps in operativpartially it streams back to the river
without going through the pump and being measuss# figure 3.8. During a normal
hydrologic situation this error can be neglectad, during lower discharges the relative error
increases. Furthermore, measuring the water heiglplaper causes errors, because the paper
has a small margin, which makes it difficult andonecise to determine the zero line of the
water height. Finally making from this continuoushgasured graph a daily value is inexact
because it is a human estimation based on thetirtee paper.
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Figure 3.8: view from above dam
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4. Results and discussion

The predicted as well as the measured dischargleeo€idanau are presented in figure 4.1
and figure 4.2 for using the average rainfall ahe tainfall determined with the Thiessen
method respectively. This is the result of thehralion. The results for the validation are
shown in figure 4.3 and figure 4.4 for the averagafall and the rainfall from the Thiessen
method respectively.
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Figure 4.1: Comparison calculated and observed dikarge of calibration with average rainfall

Discharge [m3/s]
Rainfall [mm]

Table 4.1: result fitting criteria

Calibration Validation
Average Thiessen | Average Thiessen

R? [-1| 071 0,73 0,64 0,60
RVE [%]]| -1,22 0,70 0,41 -1,96

The corresponding result of the fitting crited®f and RVE are displayed in table 4.1. From

this table it can be concluded that, although e gives a reasonable result for the
calibration, although in this case the predictimglity of the model is not as accurate. An
explanation can be found in the relatively shoriqueof available data. According Bergstrom
(1995) the model need five to ten years of datecébibration. The used five years could be
sufficient, but a longer period may improve theutesFor example, Lindstrém et al (1997)
used ten years for calibration and ten years fofigation. In the case that the climate data
series can be extended till May 2009, it will besgible to use nine years of data for
calibration and three years for validation, seairgg3.4. Three years of validation is very
short, but because of an interruption in the dataill be difficult to overcome this problem.
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Figure 4.2: Comparison calculated and observed dikarge of calibration with rainfall from Thiessen
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Figure 4.3: Comparison calculated and observed dikarge of validation with average rainfall
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Figure 4.4: Comparison calculated and observed dibarge of validation with rainfall from Thiessen
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Figure 4. 5: Zoom in discharge catchment Cidanau Jy 1999 — July 2000
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From the graphs can be concluded that it is diltfitm predict the discharge properly during
extreme periods and these periods may for practesons be the most interesting part. This
is made clearly visible from the detailed view igufre 4.5.

High peek values seem to be difficult. The modebmts a peek on the right moment, but the
predicted discharge is often much too low. This bancaused by the spatially averaged
precipitation that does not represent the realfalimproperly. On the other hand is the
constant and relatively high discharge during desiquis not a realistic representation. This is
caused by the base flow from the lower responsedmkis determined by the calibration

parameter?ERC andK,. Changing the values of these parameters can mhaksituation

during dry periods visually more realistic but d=ases the value of the fitting criteRa.
Considering the extreme situation without base ffomn the lower response box (see figure

2.1) and calibrating again, the result convergeR*te 0,69, which is less than the result
obtained before (see table 4.1). The graph may @irere realistic visualisation for the dry
periods of the years 2003 and 2004, but duringeittieemely dry period in 2002 the discharge
goes to zero, as can be seen in figure 4.6.

The phenomenon of the base flow appears also ier otfodels that are applied on the

Cidanau catchment. For example, Setiawan and Ruotiy@004) applied another conceptual
rainfall model, the Tank model, on the Cidanau R&ed compared this with other models.

The tank model, which uses five in stead of theek$ as in the HBV model, has the same
problems in times of low discharge. They examirett models with another type of model

structure, for example the Storage Function modehe Artificial Neural Network model,

can predict low discharge periods with much moeacy and give as a result a higRér
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Figure 4.6: Calibration without base flow

21



Further it is useful to compare the values of takbcation parameters with the limit values
that Lidén and Harlin (2000) used during their andtic calibrations. The values are
displayed in table 4.2. This table shows that #ilération process converges to value§Gf
(maximum soil moisture storage) ah@ (limit for evapotranspiration) that largely exceed
the recommended upper limit. This difference otreal could be explained by referring to the
area. The main part of the area still consists atew retaining area, because for the
production of rice it is important to keep the wads long as possible in the field and partially
the catchment is covered by swamp. This meansathajh value folFC could be expected.
However, it is still questionable why the valuesgsa different determined rainfall data lead
to different values foFC, LP and a . Perhaps the found optimum is only a local optimum
because the parameters are highly interdependeistisTemphasised by the large differences
between both spatially averaged rainfall methodthen values folC. Using an automatic
calibration as described in Harlin, (1991) and ima#g and Lindstrom (1997) is therefore
recommended for further applications to find thebgll optimum in an objective way.

A further explanation can be sought in the locatiérihe discharge measurement, which is
very close to the dam. Due to the dam the wategte&aned upstream. During the calibration
this is compensated by high values-@f.

Table 4.2: range of values automatic calibration (Idén and Harlin, 2000) and values after calibration
manually.

range for automatic calibration Value after calibration

Parameter Lower limit Upper limit Average rainfall | Thiessen rainfall
FC (mm) 100 800 1430 3000

LP (mm) 50 100 581 1220

3 1 6 1,00 1,00
CFLUX (mm/day) 0 1 0,00 0,00

a 0 3 0,758 0,675
PERC (mm/day) 0,1 5 2,70 2,80

K, (day) 0,0005 0,1 0,00333 0,00343

22



5. Conclusions and recommendations

This simplified application of the HBV model givassound prediction for the discharge in

the Cidanau with an Nash and Sutcliffe coefficRharound 0,7. Most periods of the
prediction fits well with the measured discharget improvements can still be made for the
extreme flow periods. During low flow periods theegiction is too high and unrealistically
constant, because of a very constant modelled flage High discharge values appear

usually in short periods and are therefore relftivaimportant in the fitting criteri?,
despites the large errors in that period.

To improve the result furthermore it will be usefaluse a longer calibration period than is
used now. Because of the limited data availabditg the presence of gaps in the data series,
the calibration period is only five years. Thisoisly the half of the recommended period by
Berstrom (1995). Gaps can eventually be filled watlerage data from other years and
excluded from the calculation &f.

In addition the value of one calibration paramdtemot realistic comparing with other
researches (i.e. Lidén & Harlin, 2000). This migbtcaused by the manual calibration, which
converges towards a local optimum. This could Hdeesbby using an automatic calibration
with a global optimisation algorithm as done by dpand Lindstrom (1997) and is therefore
recommended for further applications. It will als® very useful for practical implementation
in other areas to do further research to the gxaggical meaning of certain parameter values.
This will be useful for investigating consequenoégractical changes in a certain area before
implementation, for example to predict the consegas of decreasing retention capacity
because of changes in land-use.

This unrealistic parameter can further be explaitgd the location of the discharge
measurement. The discharge is measured just be#ferdam, but by the dam the water is
retained upstream. For this situation the HBV mogdets less robust, exhibited in this
parameter value.

Furthermore, a distinction is made in the way d€wating the precipitation as input for the
model, namely just taking the average and calagathe precipitation with the Thiessen
method. After calibration of both data series tggult does not show substantial differences
in terms of thé&¥, although it is expected that the Thiessen methodld represent the
reality better, because it takes the position efrtfteasurement stations into account.
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