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Introduction

Physically based, distributed hydrological models (PDHMs), whose input parameters have a
physical interpretation and explicit representation of spatial variability (4bbott et al., 1986),
are increasingly being used to solve complex problems in water resources applications.
However, problems with PDHMs include a lack of sufficient data to fully characterise spatial
variability, scale problems of field measurements and model parameter element, plus
imperfect representations of real processes in models. These factors result a requirement of
model calibration and validation (Ldszlé and Rajkai, 2003). Unfortunately, the use of this
kind of modelling requires spatially distributed databases and advanced GIS application.
There is a lack in understanding of the robustness, sensitivity and validation of these models
in relation to different parameterisation. In particular, questions are raised about the
appropriate resolution of the spatially distributed soil input data.

In this study we analyse the sensitivity of the SWAT model to the soil organic carbon (SOC)
content in a catchment study of the Lake Balaton watershed. The Soil and Water Assessment
Tool (SWAT) model was developed as a river basin scale model to quantify and predict
effects from different land management practices in large, complex catchments (4drnold et al.,

1998). Particular attentions are given to the distribution of the organic carbon content in the
soil profile. And more precisely we analyse how soil data can be prepared for modelling with
the SWAT model.

Methods

Model description
In this case study, the AVSWAT version of the SWAT2000 model was used. This version is
integrated with ArcView GIS and applies some of the ArcView functions.

The study catchment area

The study catchment is situated at the Tetves Stream basin in the south part of the Lake

Balaton watershed in Hungary (Figure 1). The total surface area of the study catchment equals

7 km’. The average elevation of the catchment is 230 m a.s.l. and the terrain is sloping (5-
15%). As reference for the simulation in the outlet of study catchment equipped with

automatic flow meter, rainfall collector and sediment samplers.
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Figure 1: The catchment area.

General input data for SWAT simulations

The digital elevation model (DEM) was used for delineation and topographic characterization
of the watershed. The DEM of the watershed was obtained by digitising Hungarian
topographic maps at a scale of 1:10,000. The maps were rasterised and georeferenced, and
then elevation contour lines and spot heights were vectorised in order to obtain the geographic
database of the topography. The DEM was built by processing the digital topographic data
through the TIN and “topogrid” procedures implemented in the ESRI ARC/INFO software.
The weather data were obtained from Hungarian Meteorological Service. The data set
includes the daily precipitation rate and the daily maximum/minimum temperature. The
simulated year was a typical climate year (1992) with 635 mm precipitation.

The land use map was created using the CORINE Land Cover 1:50,000 vector map (CLC50)
dataset and topographical 1:10,000 vector map information. The CLC50 consists of a
geographical database describing vegetation and land use in 87 classes. The initial
classification of the land use was not in agreement with the model classification; therefore, a
reclassification of the land use (based on its specification) was done. The resulted land use
classes in SWAT land cover/plant codes are: 36.55% generic agricultural land (AGRL),
53.94% deciduous forest” (FRST), 4.84% pasture (PAST), 4.61% orchard (ORCD), and 0.06
% residential (URLD).

The soil layer was obtained using two soil maps with different scale: i) an association map
(KREYBIG) at the scale of 1:25,000; ii) a detailed soil map (GENETIC) at the scale of
1:10,000 referred as thematic soil map. Physical and hydrological properties of soil profiles
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are related to the corresponding cartographic units using taxonomy categories. Soil
parameterisation was taken from the laboratory measured data of KREYBIG and GENETIC
datasets. After extraction of the soil data the missing soil parameters for each soil layer were
estimated by using pedotransfer functions (Fodor and Rajkai, 2004). The following two
options were used for simulations: (1) the layers in the soil profile was the same as in the
dataset, so average SOC content referring to the 0-20 cm (2) the upper 20 cm was divided into
two layers (0-5 and 5-20 cm) and the SOC content was calculated according to an exponential
density distribution.

Management input data were combined from information provided by several farmers and
experts. In case of flow data, water quality data, forested area management and some of the
crop parameters, the SWAT database values were used.

Results and discussion

To analyse the sensitivity of the model to the vertical distribution of SOC in the soil profile
two parallel simulations were done. In the option 1 simulation the SOC content was 2% for 0-
20 cm. In case of the option 2 simulation, where the vertical distribution of SOC was
expressed by the exponential depth distribution equation of Bernoux et al. (1998), SOC
contents were 8.0% and 1.9%, respectively. This study has shown that there are differences in
the water and sediment yields predicted by the different options (Table 1).

Table 1: Soil parameters used in simulations.

Soil input parameters Results of simulation
Options SOC| Ksat | Albedo AWC |USLE| WATER yield SED yield
(%) | (mmv/h) | (fraction) | (mm/mm) K {mm) (t/ha)
(1)0-20cm | 2.0 30 0.10 0.20 0.20 192.7 0.08
(2) 0-5cm 8.0 150 0.08 0.25 0.17
5-20 cm 1.9 30 0.12 0.20 0.20 64.0 0.03

According to our experiences an appropriate compromise between the application of profile
based soil information and soil mapping units should be established to improve the reliability
of modelling results. Considering vertical heterogeneity of soil adapted to model structure
also improves simulation results.

Conclusions

According to the simulation results the SWAT model is very sensitive to the SOC data. Since
the available soil input data usually have a rough resolution in space (SOC) and have to be
interpolated to cover the entire region. Therefore, it is advised to take a lot of precautions
before applying an integrated model.
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