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Globalmodell GME

mesh width: 60 km

layers: 31

forecast times: 

174 h at 00 and 12 UTC

48 h at 18             UTC

Lokalmodell LM

mesh width: 7 km

layers: 35

forecast times: 48 h

at 00, 12 und 18 UTC

Operational models at Deutscher Wetterdienst
(state: August 2004)
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Distribution of stations in 
SYNOP-network for LM verification

resolution in time: 1-3h 
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Distribution of stations in  the 
network with high resolution

resolution in time: 24h 
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Orography over Germany
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Orography over Southwest-
Germany
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Typical precipitation structure 
over Germany
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Typical precipitation structure 
over Southwest-Germany
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Upscaling observed and forecasted
precipitation values
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Upscaling observed and forecasted
precipitation values (upscale factor 1)
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Upscaling observed and forecasted
precipitation values (upscale factor 3)
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Upscaling observed and forecasted
precipitation values (upscale factor 6)
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Time series of frequency bias:
verification against SYNOP stations



Entity-based QPF verification (rain “blobs”) 
by E. Ebert (BOM Melbourne)
Verify the properties of the forecast rain system against the properties of the 

observed rain system:

• location
• rain area
• rain intensity (mean, maximum)

Observed Forecast

Total mean squared error (MSE):

MSEtotal = MSEdisplacement + MSEvolume + MSEpattern
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Example of CRA-verification: 
CRA-area: 3 mm/day for October 2003
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Example of CRA-verification: 
CRA-area: 3 mm/day for May 2004
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• What is the interest of the user?
• In which way the forecasts satisfy this 

interest?
• What is the decision process followed by 

the use of the forecast?
• How can we verify the forecasts depending 

on the decision process? 

What is a true forecast for a 
region of interest?
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• A forecast is useful if the event of interest is 
observed and forecasted at any point of the 
region of interest

• A forecast is useful if the event of interest is 
observed and forecasted at a minimum of the 
part of the region of interest (50%?)

• Forecasts and observations have a certain 
probability. How could this information used?

Possible decision models



General idea concerning application  of elements of 
fuzzy sets using a hypothetical precipitation distribution
first part: basics

The contingency table contains in general four types of information, 
the unification of forecast yes/no and observation yes/no. In the 
traditional way theses unification sets are got by comparing point by 
point information. Due to the more or less statistical character of 
precipitation fields in a small scale verification can be done in a 
window of time and space, where the occurence of precipitation is 
verified as the part of the window, where precipitation was observed 
and forecasted. The sets of observation and forecast yes/no are 
assumed to be not sharp. That is: Observations yes means, 
observation yes to a certain degree i.e. the part of the window 
covered by observed and forecasted precipitation, respectively. 
Unification of different sets than can be calculated using the laws of 
fuzzy sets. (See: Bothe, H.H, Fuzzy Logic, Springer Verlag  1995,
Zimmermann, H.-J., Fuzzy Set Theory and ist applications, Kluwer 
Dordrecht 1991
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Contingency table for not sharp yes/no 
events according to fuzzy set theory

OBS po Obs (1-po)

FC pf A=min(po,pf) B=min((1-po),pf)

FC (1-pf) C=min(po,(1-pf)) D=min((1-po),(1-pf))

po - area or number of points with obervation yes
pf - area or number of points with forecasts yes
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OBS yes
po > x%

Obs no
po < x%

FC yes
pf  > x%

A B

FC no
pf  < x%

C D

Contingency table for yes/no events for a 
given limit of points/area



„Observation“ yes„Forecast yes“

General idea concerning application  of elements of 
fuzzy sets using a hypothetical precipitation distribution
second part: traditional verification

Situation: all observations are at an other 
place than the forecasts
traditional verification: no coincidence 
of forecast and observation,
all scores lead to perfectly wrong results

Situation: all observations are at the same
place as the forecasts
traditional verification: strong coincidence 
of forecast and observation,
all scores lead to perfectly good results



„Observation“ yes„Forecast yes“

General idea concerning application  of elements of 
fuzzy sets using a hypothetical precipitation distribution
third part: application of fuzzy sets

Situation: all observations are at an other 
place than the forecasts
verification using fuzzy sets: fuzzy 
coincidence of forecast and observation,
all scores do not lead  to perfectly wrong 
results

Situation: all observations are at the same
place as the forecasts
verification using fuzzy sets: fuzzy 
coincidence of forecast and observation,
all scores do not lead to perfectly good 
results

Both cases lead to the 
same verification results 
because  the same part

of the area is covered by 
forecasted and observed 

precipitation
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Diurnal cycle of observed and forecasted weather elements,
August 2004, start hour 00 UTC
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Diurnal cycle of observed and forecasted precipitation,
August 2004, start hour 00 UTC

Convective precipitation
in observations:
SYNOP reports with
ww: 25-27, 29, 80-99
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What did we learn?
• Upscaling and cross sections:

forecaster: Do not look at a specific point, but around!
modeller: Improve numerics, physics to reduce errors.

• Pattern recognition:
forecaster: Be careful when interpreting orographically induced 
precipitation forecasts.
modeller: Improve forecast mechanism of precipitation for
mountainous regions by various methods!

• SYNOP vs. high density network:
modeller: Do not overestimate high frequency biases for low 
precipitation values! Use SYNOP reports to study the diurnal cycles of 
surface weather elements.

• Application of fuzzy logics:
potential user: Use such type of verification in a fuzzy logic forecast 
system.
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That‘s all,
thank you for
your attention!


