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“Although it is not yet possible to achieve 100 % accuracy, 
we will continue to give 100 % in trying.“
Shanghai weather bureau, December 2008
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Major issue in warning verification: 

How do you match warnings and 
observations?
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warning verification

„process oriented“

spacetime value

countyhourly obsthreshold=
warningthrehold

„user oriented“

user: operational control („single voice“)
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Area wide observations of thunderstorms:
• Siemens-BLIDS lightning detection system

Verification:
• hourly
• at county level
• summer 2006
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21. July 2003 7. August 2008

500 hPa geopotential + sea level pressure

Germany
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verification

Verification of thunderstorm warnings
against lightning observations  YES / NO
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hit rate (2008)

proportion of hits
on all YES events
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false alarm ratio 

proportion of false alarms
on all YES forecasts



         

    

10/30Goeber: Process and event oriented warning verification

Gewitter Warnandauer 
0-1 h Vorlauf

0

2

4

6

8

10

12

14

16

0 3 6 9 12 15 18 21 24 27 30
Warnandauer in h

re
la

tiv
e 

H
ä

uf
ig

ke
it 

in
 %

HA 0-1 PD 0-1 EM 0-1 LZ 0-1

OF 0-1 SU 0-1 MS 0-1 DWD 0-1

thunderstorm warning duration in hours

R
el

at
iv

e 
fr

eq
ue

nc
y 

in
 %

2003



         

    

11/30Goeber: Process and event oriented warning verification

R
el

at
iv

e 
fr

eq
ue

nc
y 

in
 %

Gewitter Warnandauer 
0-1 h Vorlauf

0

5

10

15

20

25

30

35

40

0 3 6 9 12 15 18 21 24 27 30
Warnandauer in h

re
la

tiv
e

 H
ä

u
fig

ke
it 

in
 %

HA 0-1 PD 0-1 EM 0-1 LZ 0-1
OF 0-1 SU 0-1 MS 0-1 ALLE 0-1

2006

thunderstorm warning duration in hours



         

    

12/30Goeber: Process and event oriented warning verification

0

3000

6000

9000

12000

15000

18000

21000

24000

27000

30000

33000

36000

39000

42000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

time (UTC)

n
um

be
r

obs 2003/04 warnings 2003/04 obs 2005/06 warnings 2005/06

daily cycle of …

warnings 2003/04

warnings 2005/06

observations: 03/04 05/06



         

    

13/30Goeber: Process and event oriented warning verification

0
5

10
15
20
25
30
35

40
45
50
55
60
65
70

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

time (UTC)

B
ia

s

2003+04 2005+06 Frequency bias



         

    

14/30Goeber: Process and event oriented warning verification

0

2

4

6

8

10
12

14

16

18

20

22

24

2003 2004 2005 2006 2007 2008

Summer

ra
ti

o

bias



         

    

15/30Goeber: Process and event oriented warning verification

0,7

0,8

0,9

1

2003 2004 2005 2006 2007 2008

Summer

p

POD FAR



         

    

16/30Goeber: Process and event oriented warning verification

• thunderstorm warnings on a small spatial and 
temporal scale can be skillful

• greatest improvements in the quality have and 
will come from the reductions in false alarms

• „simple“ organisational measures can improve 
forecasts already substantially

Summary for process oriented 
verification
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•  Users are not interested in the ups and downs of the weather 
during a severe event (within certain limits)  event should be 
verified en bloc.

•  An „event“ comprises homogenised observations and / or 
warnings. 

• Evaluation of the intensity of a warning should be somewhat 
tolerant.

Motivating (user) “event – oriented” warning verification
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Warning verification

„process oriented“ „(user) event oriented“

time/
events

1. warning
2. obs intervals

value

deltaintensity

= 0 

hit false alarm

deltaintensity

> 0 

user: emergency services

space

radius region

user: media
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Choice of parameters for verification of thunderstorms YES / NO 

1. Warning YES/NO against lightning measurements
2. False alarm: 

• No lightning during warning
• additionally: at least 3 consecutive hours without 

lightning, i.e. considerably too long
• Required lead times for a hit: 0 or 1 hours
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hit

miss (too late)
or
hit (still useful)

hourly, "process 
oriented"  verification

"event oriented"  
verification

time 15 16 17 18 19 20 21
observation 1 1 miss (or hit) 1 miss
warning 1 1 1 2 false alarms
time of issue X

hit 
+ 
false alarm 
(too long)

hourly, "process 
oriented"  verification

"event oriented"  
verification

time 15 16 17 18 19 20 21
observation 1 1 hit 1 hit

warning 1 1 1 1 1 2 false alarms
( including          
1 false alarm )

time of issue X

hourly, "process 
oriented"  verification

"event oriented"  
verification

time 15 16 17 18 19 20 21
observation 1 1 hit 1 hit
warning 1 1 1 1 3 false alarms
time of issue X
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• warnings have become spatially and temporarily detailed

• there have been only few events, which were completely 
unwarned

• half of the warnings were perfect

• excessive warning has been substantially reduced

Summary for event oriented verification
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Thunderstorms
base rate 1/hour bias
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relative frequency 
of thunderstorms 
in a county
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