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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
+2d forecasts reveal a gap in skill that can hardly be as-
cribed to the driving models. This is further supported by the
GME/LM 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 al.,
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
IFS/EDS 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 ECMWEF (Biirger et al., 2009). In these
applications, the use of probabilistic information indeed im-
proves the forecasts, especially for the longer lead times be-
yond +3d.

www.hydrol-earth-syst-sci.net/13/1649/2009/

1657

Acknowledgements. This study was conducted as part of the
project OPAQUE which was funded by the Federal Ministry of Ed-
ucation and Research, Germany. I am grateful to the Landesanstalt
fiir Umwelt, Messungen und Naturschutz Baden-Wiirttemberg who
kindly provided the LM forecast data.

Edited by: A. Gelfan

References

Biirger, G.: Expanded downscaling for generating local weather
scenarios, Clim. Res., 7, 111-128, 1996.

Biirger, G.: Selected precipitation scenarios across Europe, J. Hy-
drol., 262(1-4), 99-110, 2002.

Biirger, G., Fast, 1., and Cubasch, U.: Climate reconstruction by
regression-32 variations on a theme, Tellus A, 58(1), 227-235,
2006.

Biirger, G., Reusser, D., and Kneis, D.: Early flood warnings from
empirical (expanded) downscaling of the full Ensemble Predic-
tion System, Water Resour. Res., doi:10.1029/2009WR007779,
in press, 2009.

Baldauf, M. and Schulz, J. P.: Prognostic precipitation in the Lokal-
Modell (LM) of DWD, COSMO Newsletter, 4, 177-180, 2004.

Bartholmes, J. C., Thielen, J., Ramos, M. H., and Gentilini, S.: The
european flood alert system EFAS — Part 2: Statistical skill as-
sessment of probabilistic and deterministic operational forecasts,
Hydrol. Earth Syst. Sci., 13, 141-153, 2009,
http://www.hydrol-earth-syst-sci.net/13/141/2009/.

Charba, J. P, Reynolds, D. W., McDonald, B. E., and Carter, G. M.:
Comparative verification of recent quantitative precipitation
forecasts in the National Weather Service: A simple approach
for scoring forecast accuracy, Weather Forecast., 18(2), 161-183,
2003.

Clark, M. P. and Hay, L. E.: Use of medium-range numerical
weather prediction model output to produce forecasts of stream-
flow, J. Hydrometeorol., 5(1), 15-32, 2004.

Damrath, U., Doms, G., Frilhwald, D., Heise, E., Richter, B., and
Steppeler, J.: Operational quantitative precipitation forecasting
at the German Weather Service, J. Hydrol., 239(1-4), 260-285,
2000.

Ebert, E. E., Damrath, U., Wergen, W., and Baldwin, M. E.: The
WGNE assessment of short-term quantitative precipitation fore-
casts, Bull. Am. Meteorol. Soc., 84(4), 481-492, 2003.

Elementi, M., Marsigli, C., and Paccagnella, T.: High resolution
forecast of heavy precipitation with Lokal Modell: analysis of
two case studies in the Alpine area, Nat. Hazards Earth Syst.
Sci., 5, 593-602, 2005,
http://www.nat-hazards-earth-syst-sci.net/5/593/2005/.

Hamill, T. M., Whitaker, J. S., and Mullen, S. L.: Reforecasts: An
Important Dataset for Improving Weather Predictions, Bull. Am.
Meteorol. Soc., 87(1), 33-46, 2006.

Ledermann, W., Churchhouse, R. F., and Vajda, S.: Handbook of
Applicable Mathematics: Statistics, John Wiley & Sons, 1984.
Liu, X., Coulibaly, P., and Evora, N.: Comparison of data-driven
methods for downscaling ensemble weather forecasts, Hydrol.

Earth Syst. Sci., 12, 615-624, 2008,
http://www.hydrol-earth-syst-sci.net/12/615/2008/.

Majewski, D., Liermann, D., Prohl, P., Ritter, B., Buchhold, M.,
Hanisch, T., Paul, G., Wergen, W., and Baumgardner, J.: The op-

Hydrol. Earth Syst. Sci., 13, 1649-1658, 2009



1658

erational global icosahedral-hexagonal gridpoint model GME:
Description and high-resolution tests, Month. Weath. Rev.,
130(2), 319-338, 2002.

McBride, J. L. and Ebert, E. E.: Verification of quantitative precip-
itation forecasts from operational numerical weather prediction
models over Australia, Weather Forecast., 15(1), 103—-121, 2000.

Menzel, L., Thieken, A. H., Schwandt, D., and Biirger, G.: Impact
of climate change on the regional hydrology — scenario-based
modelling studies in the German Rhine catchment, Nat. Haz.,
38(1), 45-61, 2006.

Richard, E., Buzzi, A., and Zangl, G.: Quantitative precipitation
forecasting in the Alps: The advances achieved by the Mesoscale
Alpine Programme, Q. J. R. Meteorol. Soc., 133(625), 831-846,
2007.

Hydrol. Earth Syst. Sci., 13, 1649-1658, 2009

G. Biirger: Downscaled medium-range precipitation forecasts

Thompson, J. C.: On the operational deficiencies in categorical
weather forecasts, Bull. Amer. Meteor. Soc, 33, 223-226, 1952.

White, B. G., Paegle, J., Steenburgh, W. J., Horel, J. D., Swan-
son, R. T., Cook, L. K., Onton, D. J., and Miles, J. G.: Short-
term forecast validation of six models, Weather Forecast., 14(1),
84-108, 1999.

White, P. W.: IES Documentation, ECMWEF, Reading, 2002.

Wilks, D. S.: Statistical methods in the atmospheric sciences, Aca-
demic Press, San Diego, 1995.

www.hydrol-earth-syst-sci.net/13/1649/2009/





