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The quantification of water availability is a central prerequisite for sustainable management 

of natural resources. Global and large-scale water availability analyses play an increasingly 

important role in political and strategic water stress and food security discussions. While 

hydrological textbooks like to start with an overview on global and large-scale regional water 

stocks and fluxes, the question remains, how well do we really know these numbers? How 

large are the ranges of different data sources and modeling approaches for hydro-

meteorological variables? How did observation network densities develop in space and time? 

And what are, accordingly, the implications and risks for hydrological and climate change 

analyses? 

At this lecture, an investigation is presented trying to answer these questions based on the 

evaluation of three state-of-the-art global atmospheric reanalysis models (ERA-

Interim/ECMWF, MERRA/NASA, CFSR/NCEP) and five gridded observation data sets 

(GPCC, GPCP, CPC, CRU, DEL). A comparison of precipitation and temperature estimates 

from the three reanalysis models with gridded observations reveals large differences 

between the reanalyses and also of the observation datasets. A major source of uncertainty 

in the observations is the spatial distribution and change of the number of gauges over time. 

The quality of precipitation estimates from the reanalyses strongly depends on the 

geographic location, as there are significant differences especially in tropical regions. It is 

also evaluated to which extent the reanalysis models are able to close the water cycle. This 

closure of the water cycle is analyzed by estimating long-term mean values for precipitation, 

evapo-transpiration, surface runoff, and moisture flux divergence. Major shortcomings in the 

moisture budgets of the datasets are revealed.  

It is concluded that the limited performance of the reanalyses in reproducing the hydrological 

cycle and the significantly decreasing network observation density worldwide put the use of 

these data sets for climate trend analyses and long-term water budget studies into question. 

The results also show the necessity for long-term terrestrial observation facilities, as they are 

currently built up not only in Germany (e.g. TERENO), but also in Africa (e.g. WASCAL). 
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