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Fig. 6. Expected daily expenses for the Alb, for a Q9S and Q99 event with no warnings (black) or warnings from IFSIEDS (blue) or 
GMEILM (red) . 
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Fig. 7. Similar to Fig. 2, for the Upper Danube. (Note that observations ended in 2003). 

3.2 Upper Danube and Upper Iller 

Despite different geographical and climatic conditions, the 
verification results for the Upper Danube and Upper Iller are 
similar to the Alb. For the Upper Danube, where data ended 
in 2003, the +2 d forecast of the most extreme yearly events 
is depicted in Fig. 7. In 2002, the most extreme event was 
observed on 19 March with 67 mm/ d. Here the IFS/EDS 
forecast (32 mm/ d) is only moderately better than that of 
GMEILM (19 mm/ d). In 2003, IFS/EDS forecasts are again 
superior to GMEILM. Forecasts for the Upper Iller are gen­
erally worse than those of the other catchments. This is ex­
emplified by the yearly maxima shown in Fig. 8. Especially 
the 2004 and 2005 forecasts are bad for both systems. The 
general superiority ofIFS/EDS to GMEILM is apparent from 
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Fig. 9. It shows that for all event classes and lead times the 
GSS is comparable to the skill of the Alb shown in Fig. 4. 
Only the Q 99 skill for lead time +2d is exceptionally high 
for the Upper Danube (GSS=0.54). It is unknown whether 
this is a random effect (data ended in 2003) or indicative of a 
real feature. 

4 Discussion 

In the above analysis I have assessed the capability of the two 
coupled systems IFS/EDS and GME/LM to forecast precip­
itation for a small river basin several days in advance. The 
IFSIEDS was able to skillfully predict medium-sized events 
(Q9S) up to a lead time of 5 days and strong events (Q99) up 
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Fig. 8. Similar to Fig. 2, for the Upper Iller. 
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Fig. 9. Similar to Fig. 4, the GSS for the other two catchments. Upper Danube (square) and Upper Iller (circle). 

to at least 3, maybe 5 days in advance. For all event classes 
and lead times that system outperformed the GME/LM sys­
tem. The crucial question is now which of the components 
makes the difference. But since the systems are so deeply 
intermingled one feels that deciding that question is hard if 
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not impossible. For example, while IFS and EDS are coupled 
through 5 predictor fields LM obtains all its boundary con­
ditions from GME. And among those there might always be 
"bad" fields which are not in the IFS predictor set and which 
make the difference. 
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Whatever the reported differences in skill are, they appear 
marginal in relation to those of, e.g. , Fig. 2 or Fig. 5. These 
+2 d forecasts reveal a gap in skill that can hardly be as­
cribed to the driving models. This is further supported by the 
GMEILM failure to reproduce local variability, as evidenced 
by Fig. 3 and compared to the fairly unbiased local variability 
of the GME at least in its 2008-version. Therefore, I would 
ascribe the observed skill differences mainly to the down­
scaling. It is not unlikely that what we see here is related 
to the well known luv-lee problem of many high-resolution 
dynamic models (Baldauf and Schulz, 2004; Elementi et aI. , 
2005), where in mountainous terrain too much rainfall is pro­
duced on the luv side and too little on the lee side. 

The luv-lee problem illuminates the differences between 
dynamical and empirical downscaling models mentioned in 
the introduction: Being genuinely three-dimensional the dy­
namical models simulate high-resolution precipitation for an 
entire domain. But the parameterizations of the unresolved 
scales - here: the advection of falling rain - introduce imper­
fections that over complex terrain can have a large impact on 
the water balance. Empirical models, on the other hand, have 
"seen" the luv-lee characteristic during calibration and "re­
member" it when confronted with a particular weather type. 
But a large-scale/small-scale relation like this may as well be 
more complicated, nonlinear for example, which would then 
require a revision of the transfer function class and a re-fitting 
with extra parameters. One should note, however, that if this 
revision comes after the fact independent validation with the 
same data is no longer possible. Some a priori physical in­
sight is therefore desirable even for empirical models. 

A major drawback in the current setup of the IFS/EDS 
is the determination of the number of EOFs to be retained. 
Here it was done by simply cross-checking some validation 
statistics for various lead times, and selecting a number that 
appeared optimal on average. For Alb, Upper Danube, and 
Upper Iller this was 81, 79, and 114 EOFs, respectively. Due 
to data limitations this was done using the entire dataset, so 
the verification statistics shown above are not fully indepen­
dent. However, dependence on the number of EOFs was in 
general fairly weak over a broad range of values, so that the 
main results are not affected by this choice. This step should 
nevertheless be improved in future work, for example, by us­
ing more elaborate cross validation techniques. 

It should be noted that probabilistic versions of the 
IFSIEDS system exist and have also been applied to the three 
catchments (cf. OPAQUE, http://brandenburg.geoecology. 
uni-potsdam.de/projekte/opaque). This was done simply by 
replacing the deterministic IFS forecast by the ensemble pre­
diction system of the ECMWF (Biirger et aI. , 2009). In these 
applications, the use of probabilistic information indeed im­
proves the forecasts , especially for the longer lead times be­
yond +3d. 
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