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The number of applications of coupled atmosphere-land-surface-subsurface models has increased considerably
over the last years, arising the necessity of developing suitable coupled data assimilation methods. A primary
concern is the definition of an adequate ensemble.

In this study we compare the simulations of an ensemble of fully coupled models on the catchment scale, to a higher
resolution reference model. Both the ensemble of models and the reference use the Terrestrial Systems Modeling
Platform (TerrSysMP) for their simulation. The ensemble has a resolution of 2.8km for the atmosphere and 800m
for the land-surface and subsurface, whereas the reference model has a resolution of 1.1km for the atmosphere
and 400m for the land-surface and subsurface. We used the Neckar river catchment and surrounding areas as the
location for this experiment.

For data assimilation, the ensemble has to fulfill certain criteria with respect to the high resolution run such as
a suitable spread and low or correctable bias. We find that an appropriate ensemble performance is very much
dependent on how the considered variables are treated. For the atmosphere, it is essential to include variations of
the forcing data as differences generated from the feedback to the land-surface alone are not enough to provide a
suitable spread. Similarly, precipitation for non-convective events and cloud cover are often very similar on these
scales. For the land-surface compartment variations in the plant settings, e.g. leaf area index, is most important to
generate spread, while the soil setup can feedback on this via soil moisture. However, the region we have chosen
is rarely in a water-limited state, and therefore the effects are dampened.

While a careful consideration of the ensemble setup can help overcome most of the problems that we found, there
are some systematic differences between the ensemble and reference model runs arising just from the difference in
resolution, that cannot be corrected by data assimilation alone. This is clearly observed in river discharge, which
is affected by the drastic widening of rivers at the coarser resolution to the point where even scaling approaches
to compensate for river widening that work at other resolutions have failed. We examine different possibilities to
lessen the negative effects of model coarsening, and debate if these type of measurements are still suitable for data
assimilation.



