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Abstract. Hydrologic models of watersheds often represent
complex systems which are difficult to understand regarding
to their structure and dynamics. Virtual watersheds, i.e. watersheds which exist only in the virtual reality of a computer
system, are an approach to simplify access to this real-world
complexity. In this study we present the virtual watershed
KIELSHED-1, a 117 km2 v-shaped valley with grassland on
a “Cambisol” soil type. Two weather scenarios are delivered
with the watershed: a simplified artificial weather scenario
based on long-term data of a German weather station as well
as an unmodified data record. The input data and parameters
are compiled according to the conventions of the SWAT 2000
hydrological model. KIELSHED-1 is mainly used for education, and illustrative application examples, i.e. calculation
of water balance, model calibration, development of land use
scenarios, give an insight to the capabilities of the virtual watershed.

1 Introduction
Eco-hydrological models (e.g. SWAT – Arnold et al., 1998;
HSPF – Johanson et al., 1980; Bicknell et al., 2001) are often structured as complex systems including a multitude of
compartments and dynamic processes. This complexity is
considered necessary to give a realistic approach to the environment, i.e. to represent main components as well as transport and transformation processes. On the other hand, the
model complexity can hamper understanding of system behaviour considerably. Therefore it is a common approach to
investigate models under simplified conditions. Virtual watersheds, i.e. watersheds which exist only in the virtual reality of a computer system, are an excellent tool for this purpose as the user can define their complexity according to his
requirements. Consequently, virtual watersheds have been
used frequently in research to investigate model behaviour.
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For example, Miller (1995) applied a virtual watershed of
10 km×10 km with a spatial resolution of either 1 km or 2 km
to analyse sensitivity of surface heat and moisture fluxes due
to topographic slope and azimuth. Smith and Eli (1995) used
a virtual watershed of 5×5 grid cells including a drainage
pattern to test neural-network models of rainfall-runoff processes. Szilagyi et al. (1998) tested an aquifer parameter estimation approach in a rectangularly shaped aquifer as well
as in a more complex virtual watershed of irregular shape.
Recently, Lenhart et al. (2002) investigated parameter sensitivity of the SWAT model in a virtual watershed presented
earlier by Eckhardt et al. (1999).
In the context of literature review it is remarkable that
there is no consistent notation of virtual watersheds as they
are defined in this study. Miller (1995), Smith and Eli (1995)
and Szilagyi et al. (1998) refer to synthetic watersheds while
Lenhart et al. (2002) uses the term “artificial watershed”. In
both cases the notation might lead to ambiguity as the definitions also hold true for watersheds constructed by man
and existing in reality in this way. However, even the virtual watershed definition considered in this study is not clear
of ambiguity. The term is used frequently to address realtime online information about natural watersheds available
in the internet (e.g. http://www.sevierriver.org, date of access: 17 December 2004). Further some scientists defined a
method of rainfall-runoff prediction by neural-networks as a
(semi)virtual watershed model due to its minor requirements
of information about the natural watershed (Carriere et al.,
1996; Guo, 2001). Despite of these ambiguities we think that
the virtual watershed definition used in this study is most appropriate to stress that such watersheds exist solely in virtual
reality.
Virtual watersheds are also a useful approach in education. The application of eco-hydrological models by students is the standard case of the confrontation of inexperienced users with a complex system. It should therefore be
the primary aim of the instructor to devise this first contact as simple as possible. Virtual watersheds help for this
purpose. In this study we present the set up of a virtual
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the Ecology Centre Kiel were used. Data were not modified
such that real weather conditions are provided for the model.
All watershed characteristics and input data are defined
in the SWAT 2000 input file format. The current version
of the KIELSHED-1 configuration can be downloaded from
http://www.hydrology.uni-kiel.de/swat.

3

Sample applications

The model has been applied in various exercises with the
main scope of educational training in hydrological modelling
Fig. 1.
Three-dimensional
view of KIELSHED-1
the virtual watershed
Fig. 1: Three-dimensional
view of the virtual watershed
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shows no significant differences in both periods (data not shown). The lower ALPHA_BF
leads to a pronounced tailing of baseflow in the summer season and a lower winter peak in
comparison to the original KIELSHED-1 configuration, i.e. decrease of ALPHA_BF stresses
the buffer function of the aquifer by damping peaks and increasing water transfer during lowinput conditions. The figure also shows that the unmodified ALPHA_BF leads to extreme
baseflow conditions at the end of the summer period (September). The river obtains almost no
baseflow at this time and as this is the main source of runoff the river would fall dry. This is
not a realistic scenario for northern Germany, but the ALPHA_BF was accepted in
KIELSHED-1 configuration to obtain strong flow dynamics clearly interpretable at the
(b)
Fig. 2: Sample application of KIELSHED-1 using
the artificial weather scenario, (a)
beginning of model training.
Fig. 2. Sample application of KIELSHED-1 using the artificial weather scenario, (a) calculation of water balance for Nov. 1959 to Oct.
calculation of water balance for Nov. 1959 to Oct. 1960, (b) comparison of groundwater flow
1960, (b) comparison of groundwater flow to the stream for two values of the baseflow recession coefficient ALPHA BF.
(a)

to the stream for two values of the baseflow recession coefficient ALPHA_BF
Fig. 2b gives an example of the analysis of model behaviour after modification of one
parameter, i.e. the baseflow recession coefficient ALPHA_BF which influences groundwater
flow to the main channel when the upper aquifer receives no recharge (Neitsch et al., 2002 /
unmodified ALPHA_BF in KIELSHED-1: 0.03 d-1, modified ALPHA_BF: 0.015 d-1). The
figure demonstrates the effect of parameter change on the groundwater flow (baseflow) to the
stream. Both curves show a strong rise and maximum of flow in the winter season. This
behaviour is caused by increased percolation of water from the soil to the aquifer leading to a
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of water to the aquifer, excess nitrogen is transported to the
groundwater and the river. This results in the observed single
peak in December which is followed by an abrupt decrease
caused from cessation of nitrogen input and leaching due a
strong reduction of cattle biomass on the field.
4 Discussion
The above-mentioned sample applications are typical representatives of exercises with student groups which have different levels of modelling experience. The simplicity of
KIELSHED-1 with artificial weather conditions can help beginners of hydrological modelling to understand the basic
steps of the modelling process like check of water balance
(Fig. 2a) and analysis of model sensitivity for certain parameters (Fig. 2b). The parameter modification can also serve
for a simple calibration training, i.e. the modified model version is given to the students who aim to “calibrate” the model
back to original state.
The use of a simplified model holds the risk of reducing complexity too much and sustaining an approach which
does not reflect realistic conditions, thus leading students to
a wrong view of the hydrological behaviour of a system. The
structure of KIELSHED-1 was set up to balance the need
for and risk of simplicity. For example, soil conditions and
landuse were approximated to reality. On the other hand
the simple shape of the watershed, the artificial weather and
some non-realistic parameters settings (e.g. the baseflow recession coefficient) are needed and accepted to ease understanding of the hydrological system for the inexperienced beginner and provide clear results interpretable with restricted
knowledge. It is important that the educator is aware of the
model restrictions and explains them to the learning group
as soon as a sufficient state of knowledge and experience is
reached.
The change from artificial to real weather conditions is a
major step on the way to deal with a more complex hydrological system (Fig. 3a). It clearly addresses users with earlier
experience in hydrological modelling. While the interpretation of model behaviour under highly variable weather is a
major challenge for the users on the one hand, it can also
offer the opportunity for more sophisticated exercises which
are still in a framework of controlled conditions. The analyses of different management scenarios (Fig. 3) give an example of the power of the model which might also be interesting
for scientists seeking a tool for basic research on behaviour of
hydrologic systems. The latter group might also benefit especially from the manifold additional options to alter model
settings not documented here as they were not in the focus
of model set up for educational purposes (e.g. crack flow,
in-stream water quality processes, channel degradation, lake
water quality, bacteria or pesticide dynamics).

5

Conclusions

The mediation of basic knowledge about modelling of
hydrologic systems benefits from the use of virtual watersheds like KIELSHED-1. Students get an improved
insight on the representation of processes and interactions
in a model. Further, better understanding of the effect of
model modifications as well as more competence in interpretation of model output can be expected. A wide range
of hydrologic conditions can be reproduced with different
watershed configurations of KIELSHED-1 which allows
for confronting students with a variety of tasks related to
real-life problems. This range of application indicates the
flexibility of the tool and points at its potential for use in
basic research on behaviour of hydrologic systems under
constricted conditions.
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Reviewed by: anonymous referees

References
Arnold, J. G., Srinivasan, R., Muttiah, R. S., and Williams, J. R.:
Large area hydrologic modelling and assessment, Part I: Model
development, J. Am. Water Resour. Assoc., 34, 73–89, 1998.
Bicknell, B. R., Imhoff, J. C., Kittle Jr., J. L., Jobes, T. H.,
and Donigian Jr., A. S.: Hydrological Simulation Program –
FORTRAN, HSPF, Version 12, User’s manual, AQUA TERRA
Consultants, Mountain View, California, USA, 2001.
Carriere, P., Mohaghegh, S., and Gaskari, R.: Performance of a virtual runoff hydrograph system, J. Water Resour. Plann. Manag.,
122, 421–427, 1996.
Eckhardt, K., Fohrer, N., and Frede, H.-G.: Ein methodischer
Ansatz zur Analyse der Sensitivität komplexer Modellsysteme,
in: Modellierung des Wasser- und Stofftransports in großen
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