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ABSTRACT

Flood simulation using a conrventional Unit Hydrograph Mode! has to be calibrated with an already existing data set.
This is a major constraint for the extension of relevant flooding early warning systems. Many attempts have been carried
out in order to link the hydrographic parameters to the characteristics of the watershed. The transfer function proposed
hereafler, called H2U mode! (hydrogramme uritaire universel), is based on the description of the hydrographic network
through a fractal approach. It is demonstrated that the parameters given by the fractal approach are related to the
parameters used in the NASH’s Instantaneous Unit Hydrograph Theory. The advantage of such a model is that it does
not require any calibration: the two parameters have simply to be extracted from a precise map of the hydrographic
network. After promising resuits in Burope and Africa, this model has been validated on the main Kal; Garang
watershed and on three sub watersheds in Central Jawa, Indonesia. The Kali Garang area is characterized by steep
slopes wilh very shor( streams and by rapidly increasing impervious areas such as housing, factories, roads and other
facilities. According to the existing rainfall and discharge data, flash-fioods threaten the downstream provincial capital,
Semarang, located on the coastal plain. The results of simulation show very closematching between the caleulated
hydrographs and the observed ones, This model needs a precise description of the rainfall pattern and of the land use
characteristics,

parameter (Lw), where £2 corresponds to Strahler's

1. INFRODUCTION order, of the streams number parameter (Rg), of the
stream length parameter (R) and of the stream area
{Ra). According to these parameters, the peak of
discharge (g,) and the time to peak (t,) can be derived
even o simulate IUH. Unfortunately, the authors didn’t

Usual flood simulation models usiag a conventional unit
hydrograph model have to be calibrated with already
existing rainfall /discharge data sets. This is the case for

the NASH model (Nash, 1957), for which parameters n use the parameters directly in these equations but by
and k should be extracted from hydrograph records. intermediate parameters, which were calculated by
This condition fails to solve some classical hydrologic regression.  For example € and k parameters
problems, such as discharge prediction from ungaged (Rodriguez-Trurbe er al. 1982) were obtained by the
basins (Gupta et al, 1980). That is of major constraint following regression equations:
for countries such as Indonesia, which counts about
tharty thousand islands and watersheds. Solution for this q,= E.v
situation is how to find out a deterministic model

. . S, t,=k/v
without any catibration ? v
Many cfforts have been realized to establish a link with: 0= 1'3I/LQ'R2"” o
belween climate, drainage network parameters, and and: k= 0.44.LQ.R;SS.R:}'SS.REOB 2)

watershed response (Valdes er al, 1979; Rodriguez-
fturbe and Valdes, 1979; Gupla et a/ 1980: Rodriguez-
Ttrbo and Gonzales-Sanabria, 1982). These authors,
using the Instantaneous Unit Hydrograph theory, found
links between the response of a catchment and the
geomorphologic parameters of the watershed. These
parameters mostly consist of the mainstream length

In the equation (1), linking 8, Ly, and Ry, coefficient
values 1.31 and 0.43 were obtained from statistical
regressions. The same procedure was applied to the
coefficients affecting Lo, R, Ry and Ry in the equation
(2) that is to say (.44, 0.53, -0.55 and -0.38.
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S0, according to Rodriguez-fiurbe er af (1982}, it has to
be noticed that :

{1y This model is not really deterministic because the
coefficients of the Horton's geomorphologic laws are
obtained from statistical regression.

(2) These relations are only valuable on basins for which
they have been established. In order to extend the model
to other watersheds, new coelficients have o be
calculated.

Facing these on the two problems, we propose hereafter
a deterministic model based on fractal characteristics
catled H2U, for Hydrogramme Unitaire Universel. The
principle of this model is established on a quantitative
description of the basin drainage network. The H2U
maodel requires two parameters: 1, the order of the basin
according to Strahler’s classification (Strahler, 1952)

and L. the average length of the drainage network
The advantage of H2ZU, beside being deterministic
(rainfall-runoff transfer in the basin system can be
physically explained), consists in the simple extraction
of the two parameters from a precise map of the
hydrographic network.

2. MATERIAL AND METHODS
2.1 H2U: a transfer function mode]

The H2U model has been developed by Duchesne and
Cudennee {1997} from an initial analogy with the
Maxwell’s theory concerning the distribution of the gaz
molecular velocities. The H2ZU model is based on the
combination of two parameters: n and L. These
parameters are directly extracted from the drainage
network represeniation. The geomorphologic response
(IUH) links the parameters n, L and a so-called gamma
function as following:

{

!

oll)= (%J rk”j} N
2

with; n Strahler’s basin order,

R
i:
'cn
e
]
|
im)|3
|
@

L mean hydrautic length
1" gamma function.

With the H2ZU model we can answer the statement
suggesied by Rodriguez-lturbe (i932) that the
hydrological response of a basin depends only on some
of the gross features, not on the details of the network
geometry. In order to compare the H2U model and
Nash model, we present the Nash mode! as following:

1 {1 S
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k, n are parameters of basin extracted from discharge
measurement and 1 is the gamma function.

Equation (3} and (4) show similarities in the gamma
function and the other parameters. Getiing the same

expression (in © term) we replace Lo owith tv (f is
average route time from the origin of water to the cutlel
and v represents the runoff velocity in the drainage
network. We can write equation (3) as follow:

Finally the similarity between H2U model and Nash
model can be expressed as.
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2.2 Description of the watershed

After promising results in Europe and in Africa with
several types of slopes, land uses, rainfalls (Cudennec,
1994; Corbierre, 1995), this model has been validated
on the main Kali Garang watershed (195,05 km2) and
on three sub watersheds, i.e. sub-basin Upper Kali
Garang (82,86 km?2), sub-basin Kali Kripik (16,59 km2}
and sub-basin Kali Pancur (75,7 km?2) in Central Java,
Indonesia, The objectives of study are: (I} to validate
the H2U as a deterministic model (2) to simulate
rainfall-runoff transfer for predicting flood risk.

3 RESULT

3.3 H2U parameters of basin and sub-basins

The fractal parameters have been extracted from the
hydrographic network which was designed from a

1:25000 scale topographic map. Results are shown in
table 1.

Table |. H2U parameters and the I function of the
Kali Garang basin and its sub-basins.

Name of basin n “{km) | L (km}

L oM
Kali Garang 6 19,22 35,49 251
Upper K. Garang 6 15,3t 22,97 2.00
Kali Kripik 3 4,60 9,25 1,33
Kali Pancur 6 16,36 31,36 2.00




From the existing data we can establish the theoretical
network density (Pdft) and compare to the observed
network density (Pdf0). The figure 1 shows that Pdf0
and Pdft are well fitted in the case of the Kali Kripik
sub-basin.
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Figure I. Probability density function of Kali Kripik
sub-basin, theoretical (Pdft) and observed (PdI0).

Results from the other sub-basins show also good
fittings between theoretical and observed probability
density functions. Bul the model overestimates the short
stream length Pdf vabues from the Kali Garang basia.
This is due, partly, to the fact that channels are more
difficult to detect in the downstream arcas of the
catchment, characterized by weak slopes and urban
settlements. Meanwhile, we cannot exclude that the
fractal structwre of the drainage network, relevant for
homogeneous sub-basins, is probably stightly defective
for the whole catchment,

3.2 Discharge simulation

The discharge by H2U model is calculated as following:

000 =S i/ (e).ple 7).z

with:  Q: Discharge (m3/s)
t: Time (s)

S: basin area (m2)

- Average rainfall intensity (m/s)

2 : Probability density function
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Figure 2. Comparison between observed and simuiated
discharge. Kali Garang basin, flood event from 23-25
December 1993.

Figure 2 shows a good fitting between observed and
simulated discharge using H2U model. In this case, the
simulated peak discharge is underestimated because
only one rain recorder was available on the watershed at
this time. Nevertheless, we have to suppose that rainfall
intensity and duration are homogencous in the Kali
Garang basin for the selected event. The recorded
maximum rainfail intensity was nearly 594 mm/hour
and the duration was around 9 hours. Before this
rainfall, the antecedent soil moisture condition could be
considered as saturated.

4. DISCUSSION AND CONCLUSION

In the fiood disasters of 1990 and 1993 about 75
casualties were claimed and infrastructure damaged such
as roads, building and other facilities. In order to
decrease the flood risk in the city of Semarang, capital
of the province, an early warning system should be
elaborated.

The changing from natural (forest and agricaltural areas)
to artificial land use occurs rapidly and increase
impervious areas. This evolution modifies gradually the
rainfall-runoff transfer rate and the average flow
velocity within the watershed, But this characteristics
are not homogeneous from osne sub-basin 1o
another,
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Figure 3. Different Land Use within the Kali Garang
Basin and its main sub-basins,

The figure 3 shows that fand use is dominated by
settlement, with limited forest arzas. As the probiem of
water management, including drought and floods, almost
arise each year in the Kali Garang basin. There is a
urgent nzed of reenforced land use regulation and of the
extension of runoff harvesting methods such as small
reservoirs or absorption wells.

The effect of different types of land use on the discharge
characteristic are presented in figure 4.0n one hand, the
basin  dominated by  settlement (upper Kali
Garang/Patemon) is characterized by a short time of
response and by a high peak of discharge. This is due to
the high velocity of surface runoff and low infiltration
capacity. On the other hand, the basin characterized by
agricultural land use (Kali Pancur) shows lower peak of
discharge and time of response. So we have to consider
that H2U model is already useful lo simulate exceptional
flooding and to built an early warning system; but for an
hydrological survey land use description parameters
have to be added,
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Figure 4. Comparison  of two  hydrographs
corresponding to Patemon and Kali Pancur sub-basins.
Flood events frem 7 December 1996,

It is also possible to use H2U model as a toot for
guiding raingauge installation. As a matter of fact,
weighting methods used to compute average rainfail
within & watershed, as Thiessen method or finite
elements method, only take into account the distance
between the different rainfall stations. Considering the
fractal structure of the hydrological network, the
probability density function (Pdf) points out the most
frequent stream length observed in the hydrological
network. This stream length value corresponds to the
transfer function most influential stream areas. So,
within the extreme limits of the watershed, raingauge
installation should first favour these sensitive areas,
without further information concerning the rainfall
pattern cr the soil hydrodynamics.
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