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ABSTRACT 

 

The last decade has seen a trend in the increasing use of terrestrial system models that comprise multiple 

terrestrial compartments, like for example the subsurface including soils and aquifers, as well as the land 

surface including vegetation. These coupled models need many different input parameters and forcings, 

which are often very uncertain, which results in very uncertain model predictions. Data assimilation 

offers the opportunity to optimally merge measurement data and coupled model simulations, to improve 

the accuracy and reduce the uncertainty of integrated model predictions. Therefore we coupled the 

parallel data assimilation framework (PDAF) to TerrSysMP, a model for the fully coupled modelling of 

water and energy transport in the atmospheric, land surface and subsurface compartments. The 

framework is designed for high resolution models with many unknowns (up to 10
8
 unknown states and 

parameters which are estimated, for each of the 10
2
 ensemble members), and shows still a very good 

scalability if more than 10
4
 processors are used. A series of examples at different scales illustrates the 

performance of the data assimilation system and the potential of different types of measurement data to 

improve model predictions. The assimilation of data from a network of soil moisture sensors, installed 

for a hillslope in the Eifel (Germany), results only in a small improvement in the characterization of soil 

moisture and discharge. In the same region, but at the larger catchment scale, assimilation of soil 

moisture data measured by cosmic ray probes gives a larger improvement of the soil moisture 

characterization. Another example shows how groundwater level data can be assimilated to improve root 

zone soil moisture characterization. Finally, river water level data can be used to estimate Manning´s 

coefficients. An outlook is given on coupled data assimilation for the atmosphere-land surface-

subsurface system. 


