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Summary Lumped conceptual rainfall-runoff models and physically based distributed
models are being used successfully for simulating daily discharge at catchment scale.
Physically based models are more desirable for simulation of the fate of agrochemicals
(e.g. nitrate) because they rely on physical equations for flow and transport. The litera-
ture shows that the average response (e.g. percolation and leaching) at field scale can
be simulated successfully by using effective or standard values in the parameterisation
of these models. However, in areas characterised by a high degree of spatial variability
the physically based models sometimes fail to simulate the discharge dynamics at catch-
ment scale properly possibly due to the lack of representation of sub-grid variability. This
paper presents an agricultural physically based distributed model concept which included
3561 combinations of root zone simulations of percolation and leaching that was distrib-
uted within a 622 km2 catchment according to land use, climate, soil types, etc. This was
thought to account for all heterogeneity within the catchment but did not. It was shown
that a much simpler model with less than 100 combinations of root zone calculations
partially including important variability at the catchment scale could simulate discharge
equally well and in some cases better than the complex one. The most important param-
eter heterogeneity to include in the conceptualisation step apparently was sub-grid vari-
ation of soil physical parameters and variability of crop growth. The variation of crop
growth was forced by restricting the rooting depth which potentially lumped other heter-
ogeneities into this property. The results also suggest that the groundwater table that
constitutes the lower boundary condition in the unsaturated zone is another important
factor. However, this was difficult to examine because of the modelling approach
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et al., 1987) and ANIMO (Rijtema and Kroes, 1991). Example
of physically based catchment models of this type include:
HMSMOD (Panday and Huyakorn, 2004), MIKE SHE (Refsgaard
and Storm, 1995) and to some extent the ground water mod-
el MODFLOW (Harbaugh and McDonald, 1996) where surface
water simulations so far have been based on simpler con-
ceptual approaches.

Integrated agricultural catchment models may consist of
an approach from one of the above three groups or a com-
bination. Examples of stand-alone integrated conceptual
models are the INCA and SWAT models. Four examples of
a combined approach are:

• STONE (Wolf et al., 2003). A modelling system with a
chain of many model codes. In brief the ANIMO model
is used for simulation of nitrate leaching from the root
zone and the SWAP (Kroes et al., 2000) for water balance
calculations for the soil and catchment area.

• HBV-N (Arheimer and Brandt, 2000), where the physically
based root zone model SOIL-N is used together with a
lumped conceptual catchment model HBV.

• SWATMOD (Perkins and Sophocleous, 1999; Sophocleous
et al., 1999) is an integrated model using the root zone
part of SWAT together with the physically based ground-
water model MODFLOW. Conan et al. (2003) used this
model and MT3DMS (Zheng and Wang, 1999) for nitrate
transport simulations.

• DAISY/MIKE SHE. Styczen and Storm (1993a,b) coupled
the physical based root zone model (DAISY) and a distrib-
uted physically based catchment model (MIKE SHE).

The lumped conceptual models are attractive as com-
pared to the more complex physically based models, be-
cause they are easier to operate and require less, and
usually easily accessible, data, and because they are easier
to use. The lumped conceptual models have been developed
for and are very good at describing runoff generation and
overall water balances, but generally fail to provide sub-
area details of water flows and soil moisture storages as well
as descriptions of fluxes of solutes and energy. Further-
more, the predictive capability of the lumped conceptual
models with respect to assessing the impacts of alternative
agricultural practices are questionable due to the semi-
empirical nature of the process descriptions (Refsgaard
et al., 1999).

The fundamental difference between the lumped con-
ceptual and the physically based models lie in their process
descriptions and the way spatial variability is treated. The
conceptual models use empirical process descriptions,
which have built-in accounting for the spatial variability of
catchment characteristics, such as infiltration capacity
and soil moisture retention characteristics. The physically
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