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Reliable modelling of climate-water interactions at the river basin and regional scales requires development of advanced modelling approaches with spatio-temporal resolution relevant for assessing the potential effects of climate change on hydrological cycle. These approaches should (a) include representation of the surface and subsurface hydrological processes, (b) take into account their characteristic temporal and spatial scales of occurrence, and (c) be driven by climate and land use data. 

The continuous-time process based eco-hydrological model SWIM (Soil and Water Integrated Model) integrates description of all relevant hydrological processes, nutrient cycling (N, P, C) and vegetation growth at the river basin scale. The model is used for climate change assessment and land use change studies in meso- to large-scale river basins and at the regional scale. The model includes an interface to the Geographic Information System GRASS (Geographic Resources Analysis Support System). The spatial disaggregation scheme has three levels: basin – subbasins – hydrotopes. The hydrotopes are delineated by overlaying the subbasin, land use and soil maps. The SWIM/GRASS interface allows to extract spatially distributed parameters of elevation, land use, soil and vegetation, and to derive the hydrotope structure and the routing structure for the basin under study. 

Data requirements are relatively modest and partly depend on the type of model application. The following data are needed: Digital Elevation Model, land use and soil maps, soil map parametrization, daily meteorological data with coordinates of climate stations, regional statistical information on crop management, and data for model validation (river discharge, water quality and crop yield). Some additional data, e.g. on groundwater level, are useful for specific applications.

The model was extensively validated in the Elbe river basin using the multi-scale, multi-criteria and multi-site validation method, and has proven to be able to reproduce well the observed hydrological characteristics (river discharge, groundwater table), water quality characteristics (concentration, load), and the regional crop yields. 

Climate change impacts can be evaluated using climate scenarios produced by Regional Climate Models (RCM) or by means of statistical downscaling technique. The RCMs and statistical models take the results of General Circulation Models as boundary and initial conditions, and therefore the inherent GCM uncertainty is transferred to the regional scale as well. The uncertainty of climate impacts can be evaluated using statistical realizations of the climate scenario. The model SWIM can be used to transform the uncertainties in climate input represented by scenario realizations into hydrological responses like evapotranspiration, surface and subsurface runoff, river discharge and groundwater recharge.

