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WATERSHED MODELLING AND SURFACE RUNOFF SIMULATION
Mira Kobold', Mojca Sugnik®
ABSTRACT

The timely, accurate and reliable flood forecasting is essential for the effective
flood warning. To assure the efficient real-time flood forecasting and accurate
hydrological forecasts we have started to introduce the complex rainfall - runoff models
in hydrological forecasting service of Hydrometeorological Institute of Slovenia.

Some of the Slovenian watersheds are in the phase of setting up of hydrological models
with WMS (Watershed Modelling System) software, which integrates digital terrain
analysis and hydrological modelling. Tt utilises digital terrain data to delineate
watershed and sub-basin boundaries and computes geometrical parameters used in
hydrological modelling. Model HEC-1 was used for surface runoff simulation. So far
WMS has been implemented on the Savinja river basin.

In operational use of HEC-1 models the real time or forecasted precipitation data and
parameters of base flow are required. The input for the rainfall data can be rain-gauge
data, radar data, or meteorological forecasted precipitation.

INTRODUCTION

Slovenia mainly spreads over the upper basins of the main rivers. The torrential
nature of the streams and fast runoff are characteristic for the most of the rivers, and the
distribution of rainfall has the major influence to the runoff. Extensive damage is caused
almost every year by floods affecting different regions of the country.
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For the operational work in hydrological forecasting service the regression

hydrological forecasting models for predicting the peaks of flood waves have been
developed and used at Hydrometeorological Institute of Slovenia. The input data in
these models are usually 24 hours precipitation data (Susnik and Polajnar, 1998). These
regression models, however, do not offer the information about the duration and the
shape of flood waves. The effectiveness of flood warning is crucially dependent on the
forecast accuracy of certain physical parameters, such as the peak magnitude of the
flood, its timing, location and duration. This has led to introducing of conceptual
rainfall - runoff models for the real time and accurate hydrological forecasts.
The development of computer models and continued enhancement of computing power
facilitate development in the conceptual modelling of flood processes. On the other
hand, river flood forecasting and its accuracy increases with improvements in
telecommunications and computerised data handling and processing,

THE SAVINJA RIVER BASIN MODELLING
The Savinja river is the biggest tributary to the Sava river (Fig.1). It has the
important influence both on the forming of flood waves and to the forecast of the Sava

river. Its drainage area can contribute up to 50% of the Sava river’s discharge at
extremely meteorological events.
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Fig.1. Slovenia with the location of the Savinja river basin.

The area of the Savinja river basin is nearly 1900 km®. The length of the main
watercourse is 98 km. The mean longitudinal slope indicates the torrential nature of the
stream. The upper part of the basin is mountainous with altitudes up to 2000 meters.
The altitudes of the plain area, in the middle reach of the Savinja, are between 200 and
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400 meters. The relief of the Savinja river basin is shown on Fig. 2. The floods occur
mostly in autumn and the orographic precipitation in the upper part of the basin has
main influence to the runoff. The storms can cause that some tributary flows rise more
than a hundred times.
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Fig.2. The relief of the Savinja river basin.

Flood is an extreme physical event, resulting from meteorological events such as
extensively heavy and/or prolonged rainfall. River floods may be intensified by factors
associated either with the catchment itself or with the drainage network and stream
channels. Some of these factors are stable such as area, shape, slope, aspect and altitude
and some of them are variable such as effects of climate, geology, soil type, vegetation
cover and anthropogenic influences on storage capacity, infiltration and transmissibility
(Smith and Ward 1998).

In the last ten years there were two big floods at the Savinja that caused enormous
damage, one in November 1990 and another in November 1998. In the middle plain
area the cities of Celje and La$ko and also some upstream urban areas are threatened.

GIS data for basin model construction

The advantage of the model used, is its ability to take digital terrain data for
hydrological data development. The data of digital elevation model and vector data of
streams were used to create digital terrain model of the Savinja river basin and sub-
basin boundaries by TIN (Triangulated Irregular Network) method (WMS 1997). Sub-
basins can be created by adding any number of additional outlet points along the stream
network. For the Savinja basin the sub-basins were created regarding the position of
hydrological gauging stations (Fig. 3).
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Fig. 3. Sub-basins delineation.

Since the terrain model is an accurate geometric description of the watershed,
parameters such as areas, slopes, and flow distances can automatically be computed and
merged to hydrological models. For surface runoff simulation the standard lumped
parameter hydrological analysis model HEC-1 was used.

Flood plain delineation

In addition to stream network and drainage basin delineation, the important
application of used model is flood plain analysis. Stage values (water depth) are defined
by the user at selected locations like gauging stations. By interpolating stage values to
TIN the flood plains are constructed. On the Fig. 4, the flood plains of the 1* November
1990 flood are shown. The highest discharge 1406 m?/s was close to 100-year flood
Qio0, which equals to 1477 m*/s. On 5% November 1998, the situation was similar. The
peak discharge reached 1394 m’/s.

The flood plains are not quite exact but they show the threatened areas where
some preventive actions should be taken. The more detailed terrain of model would give
more exact flood plains. The method enables an analysis of areas that have to be
protected by dikes, and is an aid in flood plain management.
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Fig. 4. Flood plain delineation.

HYDROLOGICAL MODELLING

Once the basin model representation has been created (Fig. 3), a topological tree
representation of the basin (Fig. 5) is created automatically.
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Fig. 5. A topological representation of the basin.
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All data necessary to define an HEC-1 model can be entered by selecting basins
and outlet points. HEC-1 is a flood hydrograph package developed by the U.S. Army
Corps of Engineers which enables the flood forecaster to develop unit hydrographs
using various methods, calculate loss rates and to route hydrographs, again using a
variety of methods including Muskingum-Cunge and kinematic wave approaches. It is
designed to simulate the surface runoff response of a river basin to precipitation by
representing the basin as an interconnected system of meteorological, hydrological and
hydraulic components. Representation of a component requires a set of parameters
which specify the particular characteristics of the component and mathematical relations
which describe the physical processes. There are several important limitations of the
model (HEC-1 1990). Simulations are limited to a single storm due to the fact that
provision is not made for soil moisture recovery during periods of no precipitation. The
assumption is made that the hydrological processes can be represented by model
parameters, which reflect average conditions within subarea. Model parameters
represent temporal as well as spatial averages. The result of the modelling process is the
computation of streamflow hydrographs at desired locations in the river basin.

Model calibration and verification

Calibration and verification are essential parts of the modelling process.
Calibration is one of the most important steps in any modelling problem. The model
should be calibrated to observed flood data. HEC-1 provides a powerfull optimization
technique for the estimation of some of the parameters when gauged precipitation and
runoff data are available. The input parameters of the model are adjusted until the
output computed by the model is reasonably close to measured data.
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Fig. 6. The rain-gauges distribution.
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For calibration and determination of parameters of the Savinja basin the highest
flood wave situations from 1989 to 1996 were chosen. For the selected flood situations
the rainfall data for the rain-gauge stations operated within and near the Savinja basin
were used in the study. The distribution of rain-gauges are presented in Fig. 6. Among
these, only five stations (No. 2, 279, 268, 301 and 452) give the temporal distribution. A
method of Thiessen polygons was used to calculate the average depth of rainfall over
sub-basins.

THE RESULTS OF ANALYSIS

After the calibration of model several analyses were performed. The analysis of
maximal (peak) simulated and measured discharges gave the absolute average deviation
on locations of hydrological gauging stations (Table 1). The maximal average deviation
is bigger in the mountainous part of the Savinja basin. Generally, the average absolute
deviations of simulated and measured peak discharges are between 20 and 30% for
smaller sub-basins to 10% for the basin as a whole. The main reason of bigger
deviations lies in the number of rain-gauges with temporal distribution. Five stations
with temporal data distribution, from which only two are located inside the basin, are
not sufficient to take into account orographic influences. For more accurate calibration
of the model more temporal distribution stations are needed, particularly in the
mountainous parts.

Table 1. The average deviations of measured and modelled peak discharges.

Hydrological gauging station Area Average deviation
(km?) (%)

Dreta — g.s. Krase 100.66 31

Hudinja — g.s. Skofja vas 156.50 27

Voglajna — g.s. Celje 202.20 27

Paka — g.s. Sotanj 131.20 25

Bolska — g.s. Dolenja vas 169.50 22

Savinja — g.s. Nazarje 457.30 12

Savinja — g.s. Lasko 1663.60 10

Savinja — g.s.Veliko Sirje 1841.90 9

The analysis of missing data of some temporal distribution stations has also
shown increased percent of deviation. Especially, the big difference in the distribution
(spatial and temporal) is between rainfall stations of Kamniska Bistrica (No. 2) and
Soléava (No. 279) in the upper part of the Savinja basin. Missing data of Sol¢ava station
cause greater deviation in runoff for about 10%.

The use of radar data in hydrological modelling
As it was seen, a rain-gauge network can miss significant rainfall, especially

rainfall associated with intensive convective storms. The advantage of using radar for
precipitation measurement is the coverage, it provides over a large area with high spatial
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and temporal resolution. Radar data giving real-time areal rainfall totals over basins or
sub-basins could be used successfully as input into hydrological models of flood
forecasting. The data of conventional radar on Mount Lisca, Slovenia, were used in
present study.

The radar precipitation data are underestimated with increasing distance from the radar.
To use the radar data for hydrological applications, the radar data need to be calibrated
with rain-gauge measurements. A correction function was derived and the analysis of
accuracy of the radar-estimated areal rainfall was already done for the Savinja basin
(Kobold and Zgonc 1998).

The runoff simulation by radar precipitation data was performed for two events.
The results gave good agreement between measured and simulated hydrographs. The
average deviations of measured and calculated peak discharges for Nazarje and Lasko
are between 20% to 15%. However, using radar data for hydrological applications has at
the time being some flaws, such as incomplete series of data, poor representation in
mountainous areas, and correction method with rain-gauge measurements, which have
to be improved.

The sensitivity of model to rainfall deviation
The sensitivity of the model to rainfall was tested for rainfall data deviation by -

10%, 10%, 20% and 30%. This analysis has shown that the deviation of runoff is twice
the rainfall deviation (Fig. 7).
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Fig. 7. Runoff deviation to rainfall deviation.

In operational use of hydrological model the simulated hydrographs, using
forecasted precipitation as an input, lead to two times greater deviation in runoff
regarding the rainfall error. Therefore, the accurate rainfall is the most important input
into hydrological rainfall - runoff model.
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VERIFICATION AND OPERATIONAL USE OF HYDROLOGICAL MODEL

The model was verified on the situation of 3 to 6" November 1998. The input
data were parameters of base flow and precipitation of rain-gauges. The results of
simulation gave good agreement with measured hydrographs. On Fig. 8 are modelled
and measured hydrographs for the most representative hydrological stations Nazarje and

Lasgko.
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Fig. 8. The Savinja flood wave from 3™ to 6™ November 1998.

In operational use of the model, only precipitation and parameters of base flow
are required. The input for the rainfall could be rain-gauge data, radar data, or
forecasted precipitation by meteorological model ALADIN/SI used on
Hydrometeorological Institute of Slovenia (Vrhovec et al, 1998). In the first phase, the
forecasted precipitation can be used to calculate the forecasted hydrographs up to 48
hours ahead, which will serve only for internal use and will help hydrologists in
hydrological forecasting service to issue warnings on imminent floods. During the
rainfall event the precipitation data will be corrected by automatic rain-gauge data and
radar data to obtain the short-term hydrological forecast.

CONCLUSIONS

The practical aim of flood forecasting is to reduce the loss of life and the
economic damage caused by floods. However, this aim can only be achieved if an
accurate forecast is translated into a reliable warning message, which is then
disseminated to the people at risk, who take effective loss-reducing actions before the
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arrival of the flood. It is important to distinguish between a flood forecast, which is a
scientific evaluation of an event in a real time leading to the issue of a general alert, and
a flood warning which contains additional information (Smith and Ward 1998).

Flood forecasting models are valuable if they operate in the real time. But forecast
accuracy is partly determined by the limitations of the on-line gauges network and the
quality of data.

The hydrological model for the Savinja basin was constructed and the
calibration of the model was done. First verification has shown good agreement
between modelled and measured hydrographs. Further work will be oriented to improve
gauge network for on-line data, to model the other basins, and also to test use of built
models in the case of flood wave situations.
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