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=
> Temperature

o Strong negative BIAS of 2m-temperature
during winter ®

@

e Too fast decrease of temperature during
afternoon o




=
> Dew point

e Overestimation of the dew point am

during winter and spring

nlitude

« Successful calculation od the diurnal cycle

of dew point during summer!!!




Precipitation

o Strong phase error of the maximum,
especially in cases with convection
(Maximum appears too early!)

e General overestimation during Winter

e Sometimes ,,Gridpoint storms* with
extreme precipitation values at single
points

e € @ @




Wind and gusts

o Overestimation of gusts 0]

 Small overestimation of wind speed over
flat terrain

e Underestimation of wind speed over

Isolated mountains (and exposed stations)



Clouds

e Too fast dispersal of low stratus

e Overestimation of frequency of high
cirrus cloud covers



Pressure

e Positive BIAS of pressure in LME during
anticyclonic situations

* No practical significance of this problem
known up to now.
(But exciting for scientists)! 6]



=
> Upper atmosphere (1)

e Relative Humidity

— since implementation of prognostic cloud ice:
positive BIAS during winter

— but also a reduction of RMSE

 Temperature between 850 hPa and 400 hPa

— seasonal change of BIAS, positive in summer (up to
0.6 K), negative in winter (down to -0.8K),

— slight reduction of RMSE

 Temperature in Boundary Layer

— since 2005: negative BIAS (down to -0.8 K) in winter
near ground,

— slight reduction of RMSE




=
2 Upper atmosphere (2)

 Windspeed

— Change of a more negative BIAS in LM to a more
positive BIAS in LME by now

— reduced RMSE beginning with 2004 compared to
the start of LM-era

e \Winddirection

— slightly reduced RMSE beginning with 2004
compared to the start of LM-era

o Geopotential

— Reduced RMSE of geopotential during last years
compared to the start of LM-era
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@ Verification of surface weather elements:

Time series BIAS Tmin 2m Vhs. valid 6 UTC

006—h—forecasts of LM from 01.11.1999 till 30.11.2006 valid 06 UTC
030—h—forecasts of LM from 01.11.1999 till 30.11.2006 valid 06 UTC
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Results of verification of forecasts for local weather elements at surface stations
frequency bias for cloud covers (—: 0-2/8, — —: 7-8/8), gusts
and precipitation T—=6 till T, mean error for other elements
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@ Verification of surface weather elements:
Time series BIAS Tmin 2m Vhs. valid 12 UTC

German weather offices
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Results of verification of forecasts for local weather elements at surface stations

frequency bias for cloud covers (—: 0-2/8, — —: 7-8/8), gusts
and precipitation T=6 till T, mean error for other elements



@ Verification of surface weather elements:
Time series BIAS T2m Vhs. valid 18 UTC
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@ Verification of surface weather elements:
Diurnal cycle of dew point during winter
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Verification of surface weather elements:
Diurnal cycle of dew point during summer
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@ Verification of surface weather elements:

Diurnal cycle of precipitation during summer

g 15.4 Foqr 12.9

2
2
summer 2004 w ON N 7
i M
5- .. ,f'/Fl:1
& Te TR ¥R Hu 3B A2 4B
s 16.5Fa: 17.8 RR 1h
29
summer 2005 fz &\ /
101 J oy
Er :
- B 12 18 74
25 4
summer 2006 N/ /
WIS
Ob=zervation :
Forecast

STDV :-’ RMSE G 12 1B 2t o 36 42 48 5t €0 66 72




Y R —— : — /, -
: 17.01. //// :
L . _
-
L 1/ i
L el -
20.01. ./’
L /// i
6— - _|
"
L ot o
= i # 4
P
R y |
A= Higl. |
- //// -
| 1100 180" - i
- 19.01. e -
0201 el
21— e —
L L ) il
| / Sum forecast : 35.8 i
// Sum observation: 23.6 |
o%;/", . L R . Lo I
o 2 4 6 8 10
oB
LME: Area mean of precipitation: 01.01.2006 till 31.01.2006
e — e ; ——— ; -
.
. ]
80— /_,/ =
L sl o
A
L / o
L P i
/
60— e —
0201. ~
i - J
L /// -
j F
L 17.01. / =
v
40— A —
I P _
1801,
I~ ) s 21.01. 9
r 03.01. _)// &
i _]
200 o e
L G J
|1.D11 g QJ( =l
b
= 80 -
of¥ . omon o |, e PR PR .
0 20 40 60 80

ME: Maximum of orecipitation: 01.01.2006 till 31.01.2008

80

60

40

20

0

=
‘I\II‘]\II‘IEII[I]I\I\\I

Sum forecast : 137.0

Sum observation: 89.0

e e P L

7~
oL 111

15 20 25

T T T T T T T T T T I /
S
— 18.01. - —
4’//
L o e
L e 4
e
i // o
- Y v -
L T .
. // -
o
L. s —
o
= /‘/ -
19.01 -
L 28,01 -
064 g1 F

= 02.01 179}‘.

of1.
Ir 27.01. P

25881 7 20
— 1eBQy e

e,
b 1 12.01
i %!m’m]&m
/.1./
-l L L | L | L | L |
20 40 60 80

LME: Maximum of precipitation: 0018.01 2007 till 31.01.2007



= Verification of surface weather elements:
@ Scatter diagrams of daily precipitation sums during January

(LME since 2006)
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B Verification of surface weather elements:

@ Scatter diagrams of daily precipitation sums during December
(LME since 2005)
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B Verification of surface weather elements:

@ Scatter diagrams of daily precipitation sums during August
(LME since 2006)
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Precipitation forecast from 06.07.2006
for the Southern part of Germany

by different LM‘s

(Thanks to Guy DeMorsier!)




Verification of surface weather elements:
Diurnal cycle of gusts
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Verification
of surface
weather
elements:
Annual cycle
of some
errors for the

station of
Potsdam
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@ Distribution of surface level pressure in LME and GME
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Distribution of surface level pressure in LME and GME
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@ Distribution of surface level pressure in LME and GME
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@ Distribution of surface level pressure in LME and GME

October 2006 0OUTC pmsl (hPa) vw=72

LME LME—GME
gy

a6  10CC 1004 1008 1012 1016 1020 1024 1028 -3 -2 -1 -05 05 1 3 z

. min=1003.33 rmox=1023.7 ave=1018.05 min=—3.16504 max=3.75598 ave=0.929271




OO0 H

24 H

48 H

pressura (hPa}

pressure (hPa)

pressure (hPa)

BIAS Geopotential

bics {model — obs) of geopotentiol { 00 H Forecasts , interval = 2.0 m )

1
|
o =
' F;IT
1o00lasy L i =i i i L L I
W00 Jon 01 Ju 01 Jon 02 Jul02 Jon 0 JWO3 Jon 04 JulO4 Jon 05 Jul 05  Jon 06  Jul 06  Jon OF

An Temps 2000 — 2007 (12 UTC Verificotion Time) Moe: 488 Min: —4.2 Meon: 2.40 StDew; 855

bios {model — obs) of geopotential { 24 H Forecasis , interval = 2.0 m )
200
a0 |
600
BOD

i o ﬂ le
(=] = @ =}
= o (
soooldite o LN wil b A 1 T | T (N T SO M il
Jul 00 Jen @1 Jul @1 Jam D2 Jul 02 Jen 03 JW D3 Jan D4 JulDf Jon O3 JuIOS  Jan OB Jul 06 Jan OF

i Temps 2000 — 2007 (12 UTC Verification Time] Mox: 49.0 Min: -8.7 Mean: 332 StDev: 7.28

bios {model — obs) of geopotential { 48 H Forecosis |, interval = 2.0 m )
200
400
L
BOD
1000 # L

Jul @1 Jon 62 Ju 02 Jon 03 Jul 03
Al Temps 2000 - 2007 {12 UTC Verification Time)

Jon 04 Jul B4 Jan OS5 Jul 05 Jon OB Jul 08
Mox: 486 Min: =18.3 Meor: 2.03 StDev: B.52

don 07

created ot Tue Feb 13 13:31:06 2007 by Deutscher Wetterdienst

20.00
18.00
16.00
14.00
12.00
10.00
B.OO
6.00
+.00
2.00
0.00
-2.00
—4.00
-6.00
-8.00
—10.00
—12.00
=14.00
-16.00
—-1B.00
—20.00

20,00
1B.00
16.00
14.00
12.00
10.00
B.00
6.00
+.00
200
0.00
-2.00
—4,00
-B.00
—B.0D
-10.00
=12.00
=14.00
=16.00
=18.00
—20.00

pressure (hPa}

pressure (hPa)

pressure (hPa)

rmse of geopotentiol ( 00 H Forecasts

RMSE

interval = 5.0 m )

BOO—
BO0—
1000 1 1 1 1 1 1 L L L I 1 L L
W00 Jen 01 Ju 01 Jan 02 JulD2 Jon 03 JW DY Jon 04 Jul 04 Jon 05 Jul 05 Jan 0B Jul 06
Al Temps 2000 — 2007 (12 UTC Verificetion Time) Mo 49.2 Min: 35 Meon: 5,48 StDev: .08
rmse of geopotential { 24 H Forecosts , interval = 50 m )
Il
. 1 = el 1 s il 2 i i 1
JUlOD Jen©1 Juil 01 Jom 02 Jul0Z Jen O3 Ju O3 JanD4 Jul 04 Jon O3 Jul 05  Jon OB Jul 06 Jen 07
Al Temps 2000 — 2007 (12 UTC Verification Time) Mox: 51.8 Min: 7.3 Mean: 14.37 StDev: 6.24
rmse of g tiol { 48 osts interval = 5.0
200
400
L]
BOD
1000 i
MO0 Jen 01 JulO1 Jen 02 JA02 Jon 03 Jul 03 Jon 04 JuiD4 Jen 05 Jul 05 Jon 08 Jul OB Jon OF

Al Temps 2000 - 2007 (12 UTC Verificotion Tima)

created ot Tue Feb 13 13:31:14 2007 by Deutscher Wetterdienst

Mox: 554 Min: 9.5 Meon: 2248 StDew: 7.50

100.00
95.00
50,00
B5.00
B0.00
75,00
Jo.co
65.00
60.00
55.00
50,00
45,00
40.00
35,00
30.00
25.00
20.00
15.00
10,00

5.00
0.00

100.00
95.00
80.00
B5.00
B0.00
75.00
Jjo.o0
65.00
60.00
55.00
50.00
45,00
40,00
35.00
3o.co
25.00
20,00
15.00
10.00

5.00
0.00

100.00
85.00
80.00
85.00
BO.OD
75.00
70.00
65.00
B0.0D
55.00
50.00
45.00
40.00
35.00
30,00
25.00
20,00
15.00
10.00

5,00
0.00



OO0 H

24 H

48 H

pressura (hPa}

pressure (hPa)

pressure (hPa)

BIAS Geopotential

bios {model — obs) of geopotentiol { 00 H Forecasts

, interval = 2.0 m

1o00lasy L L fisd i i L L I
Jul 92 Jen 01 Jul @1 Jom D2 Jul 02 Jen 03 JW O3 Jop 04 Jul 04| Jon 08 Jui 0S| Jan 06 Jul D6 Jon OF
An Temps 2000 — 2007 (12 UTC Verificotion Time) Mox: 48|8 Min: 4.2 Meor: 2.40 StDev; 855
bics {model — obs) of geopotentiol { 24 H| Forecasis |, interval = 2.9 m )
200
a0
600
B0D
L z { o
- o o L=} (
1000 Lo dif | : 1 TR | A (N | 5
JU DD Jen 1 JuD1 Jam 02 Jui0Z Jen 03 JU 03 Jap 04 Jui 04| Jon 05 Jui OS] Jon OB Jul 06 Jon OF
M1 Temps 2000 — 2007 (12 UTC Verification Time) Mox: 48]0 Min: -8.7 Meor): 3,32 StDev: 7.28
bios {model — obs) of geopotential { 48 H| Forecasts |, intervel = 2,
200
400
L
BOD
1000 A p ¥ A V.4

Jul 08 Jon BT Jul O1

Al Temps 2000 - 2007 {12 UTC Verificolion

created ot Tue Feb 13 13:31:06 2007 by Deutscher Wetterdienst

Time)

don G2 JW 02 Jon O3 JW O3 JonO4 D4 Jomn OS5 Jul O5

don OB Jul 08

Mox: 486 Min: =18.3 Meor: 2.03 StDev: B.52

20,00
1B.00
16.00
14.00
12.00
10.00
B.00
6.00
+.00
200
0.00
-2.00
—4,00
-6.00
—B.0D
-10.00
-12.00
-14.00
-16.00
-18.00
—20.00

pressure (hPa)

pressure (hPa)

<IN TT 1T T

1o00bast L 1 1 1 i 1 s L 1 L I L 1
Jul 9D Jen 01 Jul B Jan D2 Jul 02 Jen 03 JW D3 Jod 04 Jul 04 | Jen 05 Jul 05 | Jon OB Jul D6 Jen 07
Al Temps 2000 — 2007 (12 UTC Verificetion Time) Mo 442 Min: 35 Meon]§.48 StDev: €08
rmse of geopotentiol { 24 H Forecapts interfal = 5.0 m )

00

<TTEERRETTT T TE>

JU DD Jen D1 JuiD1 Jam 02 JuiQZ Jen O3 Jul 03 Jag D4

Al Temps 2000 - 2007 {12 UTC Verification Time)

tentiol [ 48 H Forecopts

rmse of geopo

200

Jul 00 Jon 01 Jul 01 Jon 02 JWO2 Jom O3 Jul 03

All Tamps 2000 - 2007 (12 UTC Varificotion Tima)

dan 04

created ot Tue Feb 13 13:31:14 2007 by Deutscher Wetterdienst

Jul 08
Max: 51)

inter]

Jul 04

dan 05

Jul 05

Jon 06 Jul 06
14.37 StDev: 6.24

don 08 Jul OB

Mox: 554 Min: 9.5 Meon: 2248 StDew: 7.50

Jen OF

100.00
95,00
50.00
B5.00
80.00
75.00
70.00
65.00
60.00
55.00
50.00
45.00
40,00
35.00
30.00
25.00
20.00
15.00
10,00

5.00
0.00

100.00
95.00
80.00
B5.00
B0.00
75.00
Jjo.o0
65.00
60.00
55.00
50.00
45,00
40,00
35.00
3o.co
25.00
20,00
15.00
10.00

5.00
0.00




BIAS Windspeed RMSE

bigs (model — obs) of wind speed ( 00 H Foracasls , interval = 0.2 m/s rmse of wind speed ( 00 H Forecasts |, interval = 0.5 m/s )

[ 2.00 10.00
1.80 5.50
1.60 9.00
1.40 B.50
1.20 8.00
1.00 7.50
0.80 7.00
0.60 6.50
P 0.40 = £.00
£ 0.0 £ 5.50
00H -
§ il -0.20 § 450
i -0.40 H 4,00
= —-0.60 3.50
L] = -0.80 3.00
‘ - 0 B -1.00 2.50
i -1.20 2.00
. —1.40 1.50
: & \ \ q b ~1.60 1.00
-1.80 0.50
0 A f'z ol [l == 0.00
A . ol e R ) s Dm0 (80 A= 4 1600
Ju00 Jer D1 JU D01 JanDZ Jui0Z Jon O3 JWA O3 Jen D04 MiO4 Jan DS JWOS Jen 065 Jul 06 Jon OF Jul00 Jer 01 JW 01 Jon D2 Jui 02 Jen O3 JWAO3 Jon 04 JuiO4 Jon 05 JWOS Jon 06 Jul 06 Jon OF
M Temgs 2000 — 2007 (12 UTE Verifieation Time) Ugx: 0.5 Min —1.2 Ueen: —028 SiDew: 0,32 Al Temps 2000 — 2007 (12 UTC Verification Time} Mo 37 Mim 10 Mege: 203 StDev: 0.4
bias {model - obs) of wind speed { 24 H Foracasis , interval = 0.2 m/s ) rmse of wind speed ([ 24 H Forecosts , interval = 0.5 m/s )
K " .00 10.00
1.80 9.50
1.60 Lo 3.00
1.40 B.50
1.20 B.O0
1.00 7.50
0.80 7.00
0.60 400 6.50
- 0.40 - 6.00
2 4 H i 0.20 [ 550
o 0.00 ® 5.00
-0.20 450
i ~0.40 é o .00
-0.60 350
-0.80 3.00
-1.00 2.50
-1.20 S 2.00
=1.40 1.50
-1.60 1.00
-1.80 050
~2.00 0.00
L 1 1000
U 00 Jen 01 JU Q1 Son 02 Jui0Z Jon 03 Ju 03 Jon 04 IO Jon DS JWi 0% Jen 05 Jul 08 Jan OF7 JUi00 Jen 01 JW D1 Jon D02 Ju0Z Jen 03 JU O3 JonD4 JIO4 Jon D3 JuI 0% Jon 05 Jul D8 Jan OF
A4 Temgs 2000 - 2007 (12 UTC Verificotian Time) Mow 1.1 Min: 2.6 Mecn: —0.18 Stev: 0.43 Al Temps 2000 — 2007 ({12 UTC Verification Time) Mox: 74 Min: 2.0 Meon: 362 SiDev: 0.96
bias {model — obs) of wind speed { 4B H Forecosis |, interval = 0.2 m/s rmse of wind speed ( 48 H Forecests , interval = 0.5 m/s )
; N LB 4 ' Ve 2.00 10.00
S USRI TR o
- 1 1.60 2008 2.00
1.40 8.50
1.20 B.00
1.00 7.50
0.80 7.00
+00 0.60 e 6.50
- 0.40 = B.00
g 0.20 g 550
4 8 H F 0.00 F 5.00
3 —0.20 3 450
£ % —0.40 £ 04 i 4.00
- -0.60 3.50
—0.8D 3.00
-1.00 2.50
aool -1.20 a6 2.00
=1.40 1.50
—-1.60 1.00
~-1.80 0.50
‘ —2.00 .00
1000 B84 ¥ N S i L Ay i’ A ' A 1000
Jul 00 Jon O1 Jul 01 Jon 02 Jul 02 Jon 03 JWO3 Jen(O4 Ju 04 Son 05 Jul 05 Jon OB Jul 08  Jon OF Jul OO0 Jen 01 JW 01 Jon 02 Jul02 Jon B3 JWO3 Jon D4 S04 Jon D5 S OS5 Jon 08  Jul 08  Jon OF
All Tarmpa 2000 = 2007 {12 UTC Verificotion Time) Max; 1.2 Min: <35 Meon: <0.22 StDev: O.60 All Temps 2000 = 2007 (12 UTC Vesficotion Time) Max: 10.8 Win: 2.3 Meon: 4.58 StDew: 1.53

created of Tue Feb 13 13:30:27 2007 by Deutscher Wetterdienst crected of Tue Feb 13 13:30:33 2007 by Deuischer Welterdlenst



BIAS Win(‘lcna A
17| 27.0 28.09.2005

10.00

5.50
LME 5
B.50
8.00
7.50
7.00
6.50
P £.00
i 5.50
00 H |
g il 4.50
4 4.00
= 3.50
El 3.00
= 0 4 2.50
AR 2.00
Y Q [l 1.50
: \ i} . f < 1.00
=7 =<3 q 00 550
AL el o 1.0 L AW Q.”< b R 3oty L8
JulO0 Jen O JW O Jan 02 Jul02 Jon 03 JA03 JofOf sl 04| Jam0S Jw 0S| Jen 05 w06  sam 07 Jul D0 Jer 01 SO0 Jan D2 Jul 02 Jon O3 Jid 03 Jon 07
Al Temgs 2000 — 2007 (12 UTE Verification Tims) Ugn: 0.4 Wi -1.2 ueon:|-028 Si0ew 0.22 Al Temps 2000 — 2007 (12 UTC Verification Time}
bigs {model — obs) of wind speed { 24 H Aerecasts |, | interval = 0.2 jm/s ) rmse of wind speed ( 24 H Forecastp
i W _5 ; Yy O d | 2.00 10.00
¢ , 4 1.80 9.50
: i 1.60 9.00
1.40 B.50
1.20 8.00
1.00 7.50
0.80 7.00
0.60 6.50
- 0.40 - 6.00
24H ' 2
o 0.00 ® 5.00
§ -0.20 % £50
-4 -0.40 ok £.00
-0.60 350
-0.80 3.00
-1.00 2.50
-1.20 2.00
=1.40 1.50
-1.60 1.00
S -1.80 050
~2.00 0.00
3 @m") .'.|r‘!c~?h. = 5
GO0 Jen 01 JUOl Jon0Z W02 Jen03 JU 03 Jop 04 Jui 04| Jan 08 Jui 0S| Jen 08 Jui 08 san 07 OO Jen @1 JW O Jan D2 Jul 02 Jen 03  Jid 03 Jan 05 Ju1 0% | Jom 05 Jul 06 Jam OF
Al Terngs 2000 — 2007 (12 UTE Verificotion Time) Mow 1.4 Minc —2.6 Mecn]|-0.18 StDew: 0.43 MI Temps 2000 — 2007 (12 UTC Verification Time) 2 Min: 2.0 Mecn: 362 SiDev: 0.98
bias {model — obs) of wind speed { 4B H forecosis interval = 0.2 |m/s rmse of wind speed (
: @ / | U 200 ' ' 10.00
: & w 1.80 9.50
A 1.60 9.00
1.40 8.50
1.20 B.00
1.00 7.50
0.80 7.00
+00 0.60 6.50
- 0.40 = B.00
g 0.20 g 550
4 8 H F 0.00 F 5.00
3 —0.20 3 450
£ & —0.40 £ £.00
-0.80 3.50
—-0.BD 3.00
-1.00 2.50
aiih -1.20 2.00
=1.40 1.50
-1.60 1.00
~-1.80 0.50
—2.00 .00
Jul B8 Jon Of Jul O Jon©2 Jul 02 Jon O3 JW B3 Jonf4 Ju 04 Jon 05 Jul 05 Jan 6  Jul 08  Jon 67 Jul00 Jen @) Ju 0! JonD2 Jul02 Jon O3 JU D3 JonDO4 Jui D4 Jan 05 JuIOS Jon 06 Jul 08  Jan OF
All Tarnps 2000 ~ 2007 {12 UTC Varificotian Time) Max; 1.2 Min: ~L5 Mean: ~0.22 StDev: 0.60 Al Tamps 2000 ~ 2007 (12 UTE Verfication Time) Max: 10.8 Min: 23 Mean: 4.58 StDew: 1.53

created of Tue Feb 13 13:30:27 2007 by Deutscher Wetterdienst creoted of Tue Feb 13 13:30;33 2007 by Deutscher Welterdienst




OO0 H

24 H

48 H

BIAS

bigs (rr-odol — obs) of wind direction { 00 H Forecosts , interval = 1.0 degree )

7

10.00
9.00
¥ 1 8.00

0 £ 7.00
6.00

5.00
400
3.00
2.00
1.00
0.00
-1.00
-2.00
—3.00
-4.00
-5,00
-6.00
—7.00
-8.00
-8.00
-10.00

| 10.00
9.00

| B.OD
7.00

6.00

5.00

400

3.00

2.00

. 1.00
0.00

i -1.00
—2.00

F =3.00
-4.00

-5.00

-6.00

=700

iy ~B.00
b -9.00
o =10.00

JU0D Jen 01 JuD1 Jan 02 Jui 02 Jon 03 Jul Jon 0% Jul 0% Jon 06 Jul 06 Jan OF
Mi Temps 2000 — 2007 (12 UTC Verificotion Tlml!) Mow 8.3 Minc 4.1 Meon: 0.65 SiDew: 1.82

3

pressure (nPa}

QT
ahtw R A% W

Jul 00 Jen 01 Ju @1 Jan D2 Jul 02 Jen 03 Ju D3 Jon D4 Jul D4 Jen 05 Sul 05 Jan 06 Jul D8
All Tamps 2000 — 2007 (12 UTC Verification Time) Mox: 8.8 Min: 4.1 Ueon: 041 SiDev: 1.00

bios {modsl

= aobs) of wind direction { 24 H Forecasts ,

intervel = 1.0 degree }

pressure (hPa)

bias mudel - ubs) u( wind dlrel:hcln 48 H Fnrem:lsts , interval = 1.0 degree

T e : - p—
' Y T RS

' | 8.00

o TREAY s ) 7.00
| LI : 6.00
1 = 5.00
] \ il AR 4.00
! 11 3.00

1 | G 2.00

8 3 1.00
i o.00

| k b -1.00

(AT - -2.00

-3.00

] : h -4.00
3 -5.00
A ! -6.00

b0 -7.00
\ i -8.00

i -9.00

7 e -10.00

L 4
Jul 00 Jon 01 JulO1 Jon 02 JWO2 Jon 03 Jul 03 Jon D4 MiD4 Jon 05 Jul @5 Jon OB Jul OB  Jon OF
All Temps 2D00 = 2007 (12 UTC Verificotion Tima) Waox: B8 Min: 6.4 Meon: D49 StDev: 238

pressure (hPa)

created ot Tue Fen 13 13:30:38 2007 by Deuischer Wetlerdienst

Winddirection

100.00
95.00
50,00
B5.00
BOD.0D
75,00
70.00
65.00
60.00
55.00

4 s0.00

] 45.00
40,00
35,00

30.00
25.00
20.00
15.00
10,00

5.00
0.00

pressuro (nPa}

Jul 00 Jen 01 Jul @1 Jam D2 Jul 02 Jen 03 JW O3 Jen D4 Jul D4 Jen 03 Jul 05 Jan OB Jul D8
All Ternps 2000 - 2007 (12 UTC Verification Time) Mgx: 383 Min; 58 Mean; 1382 Silew: 393

rmse of wind direction { 24 H Forecasts , interval = 5.0 degree )
G I A W i 100.00
95.00
a0.00
B5.00
= BD.0D
1 75.00
70.00
65.00
60.00
| ss.00
—| so.o0
1 45.00
40,00
35,00
30.00
25.00
20,00
15.00
10.00
5.00
0.00

pressure (hPa)

den @1 Ju @1 Jam 02 JulDZ Jen 03 Jul 03 Jan D4 Jul 04 Jon D3 Ll 05 Jan OB Jul oe den ©7
Al Temps 2000 — 2007 (12 UTC Verification Time) Mox: 50.0 Min: 8.1 Mean: 2654 StDev: &

rmse of wind direction ( 48 H Forecosts , interval = 5.0 degree )

100.00
85.00
80.00
B5.00

q B0.00

75.00

70.00

65.00

B0.0D

55.00

4 5D.0D

4 45.00

40.00

35,00

30.00

25.00

20,00

15.00

10.00
5.00
0.00

pressure (hPa)

L i s 4 L5 bsy .y - dossanl i Layg
Jul O0  Jon 01 Jul O Jon 02 JW 02 Jon ﬁ] Jul 03 Jon 04 JulD4 Jon D5 Jul OS5 Jon 08 Jul OB

Al Temps 2000 = 2007 (12 UTC Verificotion Tima) Mox: 58.7 Min: 9.8 Meon: 3447 StDev: 7.96

created ot Tue Feb 13 13:30:45 2007 by Deutscher Wetlerdienst



Winddirection
w Blé(msodm — obs) of wind direction ( 00 H Forecosts , intervol = 1.0 degree } 17 27.0 28092005 H Forecosts _ interval = 5.0 uIJ\/ISE

PP AL | BT B L R £ R B B R | IS 8RR AT 7 s T e DL I ML :
T QI A WG T AT
o 0 o Y v 95.00
200 (=] 1 1 50,00
| GME P GM LME ;
L 80.00
75.00
o . - o 70.00
800 U d 300 65.00
P 2.00 - 60.00
g U 1,00 g 55.00
s 0.00 50.00
OO H % b o N -1.00 % 45,00
4 0 -2.00 4 40,00
£ -3.00 35,00
e -4.00 30.00
- -5,00 25.00
AE == -6.00 20.00
o= ¥ il =7.00 15.00
] -8.00 10,00
h {/\qﬁ o 1 -9.00 5.00
] & -10.00 0.00
1000 (. s 4&‘??8.: @0 e |07 e {]‘ﬂ.h N
Jul 9D Jen 01 Jul @1 Jon D2 Jul 02 Jen 03 Jul D3 Jop 04 Jul 04 | Jen 5 Sui 0S| Jan 06 Jul 06 Jon OF Jul D0 Jern 01 D1 Jom 02 Jul 02 Jen 03 S D3 Jed 04 Jul 04 | Jen 05 Jul 05 | Jon 06 Jul OB
All Temgs 2000 — 2007 (12 UTE Verification Time) uon: B8 Min: —4.1 Meon] D41 SiDev: 1.00 All Ternps 2000 - 2007 (12 UTC Verification Time] Mo 3803 Min: 5.8 Mear: [13.82 SiDew 393
bigs {modal = abs) nf wind dlrectlor‘- { 24 H forecasts | interval = 1. Cl degree } rmse af wmd direction ( 24 H Forecasis e = 5.0 degree
Bva | { Y 4 '[m v Ylf 10.00 100.00
9.00 ‘ ' \ | ‘ i 95,00
=) [ ‘g 800 90.00
’ 0 7.00 85.00
6.00 B0.00
5.00 75.00
4.00 70.00
3.00 65.00
- 2.00 - 60.00
2 4 H i 1.00 g 55.00
F 0.00 F 50,00
§ -1.00 § £5.00
2 -2.00 g 40.00
-3.00 35,00
-4,00 30.00
-5.00 25.00
-6.00 20,00
=7.00 15.00
~B.00 10.00
-9.00 5.00
=10.00 - i i 0.00
JU00 Jen 01 SOl Jan 02 JuiOZ JenD3 JW 03 sod 04 Jul 04 | Jon 03 Jui 03| Jam 05 w08 Jan 07 JU00 Jen 01 SOl Jan 02 w02 Jen03 Ju 03 vaq 04 Juios |uenos suios | senos  su oe den o7
Al Temgs 2000 — 2007 (12 UTC Verification Time) Mo B Min: —4.1 Meon| 0.65 StDev: 1.82 Al Termps 2000 ~ 2007 (12 UTC Verification Time) sep Min: 2.1 Mean: 26,54 StDev: 6
biog {model - obs) of wind direction ( 48 H Jorecosts | interval = 1.0 |degree rmse of wind direction { 48 H Forecaos wh
. ; T T ] y w ] ﬁ ? 100.00
i 85.00
1 80.00
< 4 £5.00
i BO.OD
| 75.00
A 70.00
l 65.00
- ! - 60.00
i i 55.00
. ﬂ . 50.00
g \ 3 45.00
£ £ 1 sn.00
35.00
30,00
\ 25.00
ﬂ 20.00
. . 15.00
v, 10.00
R b
00 Jon 01 Ju @1 Jon02 JAO2 Jon D3 Ju O3 Jon04 JuiDO4 Jon DS Jul 05 Jon OB Jul OB Jon D7 4100 JonOf U0l Jon02 4402 Jon 03 Jui O3 JomO4 JulO4 Jom 05 Jul 05 Jom OB Jud O Jan O7
All Temps 2000 — 2007 (12 UTC Varificctian Tima) Vox: B8 Min: 6.4 Meor: 049 StDev: 2.38 Al Tamps 2000 - 2007 (12 UTC Varificotion Tima) Mox: 587 Min: 9.8 Weon: 34.47 SiDew 7.96

created of Tue Fed 13 13:30:38 2007 by Deutscher Wetterdienst created ot Tue Feb 13 13:30:45 2007 by Deutscher Wetterdienst




BIAS  Temperature RMSE

bios (model — obs) of temperoture { 00 H Forecosts , interval = 0.2 Kelvin )

rmse of tempercture { 00 H Forecasts |, intervel = 0.2 Kelvin )

200
1.80
1.60 400
1.40
1.20
1.00
0.80
0.60 900,
- 0.40 -
g 0.20 g
00H 2
-0.20
§ -0.40 g m
—0.60
-0.80
-1.00
-1.20 i
—1.40
-1.60
-1.B0
—-2.00
vouo SN i ) PP .\ L YL R il Wit gy 1000 :
Jul 00 Jer 01 JA D1 Jon 02 Jul02 Jen @3 JAOS Jen D4 MIO4 Jon OS5 JWOS Jen 06 S 06 Jan OF Jer 01 JW D Jon D2 Jul02 Jen 03 JW O3 Jen 04 S04 Jen 05 JuIOS Jon 06 Jul 06 Jon OF
All Terrps 2000 — 2007 (12 UTC Verificoticn Tima) Mgx: 1.1 Min: —0.8 Meon: 007 Stlew 0.20 All Ternps 2000 — 2007 (12 UTC Verification Time} Mox: 1.8 Min: 0.4 Meon; O.77 SiDev: 0.24
bios (model - ohs) of temperature { 24 H Forecests , interval = 0.2 Kelvin } rmae of temperature { 24 H Forecosis , interval = 0.2 Kelvin )
§ 2.00 4.00
1.80 3.80
s 1.60 b 3.60
1.40 3.40
1.20 3.20
1.00 3.00
0.80 2.80
08 0.60 00 2.60
- 0.40 - 2.40
2 4 H i 0.20 g 2.20
® 0.00 ® 200
-0.20 1.80
é o —0.40 é o 160
-0.60 1.40
~0.80 1.20
—1.00 1.00
o -1.20 o 0.80
=1.40 0.60
-1.60 0.40
-1.80 0.20
—-2.00 .00
1000 B bt o 4 s " 1000 ke i s i 1 LY, i - iy 1.4
U 0D Jen 01 JW O Son 02 02 Jon O3 JW O3 JonO4 MDA Jon DS JWi0S Jon 05 Ju 08 Jan 07 den @1 JuW Q1 Jon 02 Jui©0Z Jen 03 JW O3 JonD4 NID4 Jon D3 JuI 0% Jon 05 Jul 08 Jan OF
Wi Temps 2000 — 2007 (12 UTC Verification Time) Maox: 1.8 Min: 0.9 Meon: 0,04 StDew: 0.38 Ml Temps 2000 — 2007 (12 UTC Verification Time) Mox: 3.1 Min: 0.8 Meon: 1.45 StDew: 033
bios (model = obs) of temperature { H Forecests , interval = 0.2 Kelvin rmse of temperoture { 48 H Forecosts , intervol = 0.2 Kelvin
" 2.00 4.00
1.80 38D
e 1.60 L, 3.60
1.40 3.40
1.20 3.20
1.00 3.00
ol 0.80 ol 2.80
0.60 I 2.60
- 0.40 - E 2.40
[ 0.20 [ 2.20
4 8 H F 0.00 H 2.00
8 —0.20 2 1.80
g o ~0.40 2. 1.60
~0.60 1.40
—0.8D 1.20
-1.00 1.00
sk -1.20 i 0.80
| =1.40 0.80
=1.60 D.40
~-1.80 0.20
—2.00 0.00
1000 W £ s Al NPT ol 1000 h 1 i 4 S
Jul 00 Jon O JulO! Jon 02 Jul02 Jen 03 JW O3 Jen 04 JuiD4 Jan 05 Jul 05 Jon OB Jul 06  Jon OF i 00 Jon O JulO) Jon02 JWOF Jon 03 JW 03 JonO4 MID4 Jon 05 Jul D5 Jon OB Jul OF  Jon OF
Al Tempn 2000 — 2007 (12 UTC Verification Tima} Mox: 1B Min: -1.1 Mear: 0.04 StDev. 044 A Temps 2000 - 2007 (12 UTC Verification Time) Mox: 35 Min: 1.0 Meon: 181 SiDev: 0.38

created ot Tue Feb 13 13:30:50 2007 by Deutscher Wetterdienst created of Tue Feb 13 13:30:54 2007 by Deutscher Wetterdienst



BIAS  Temperature 17 27.d 28.09.2008 | RMSE

bios (model — obs) of temperoture { 00 H Forecosts | _in

400
380
LME 340
3.40
.20
= 300
I 2.80
A& Py
- =) 2.40
g 3 g 2.20
2.00
00 H
4 1.60
1.40
! b 1.20
L} 1.00
[+ 0.8D
| ' M : 0.60
a 0.40
ol 0.20
= 0 ef\ j.('\- 0 0.00
Fifn 9 1 A i . I 1 i 1 i '
JUOD Jen 01 JUO1 MnDZ Ju02 JonO3 JWO3 JohO4 i 04| Jon DS JWOS| Jon 06 Jul 06 Jan 07 JUOD Jen O JWD1 JanDZ Jul02 Jon O3 JU O3 Ja Jul 06 Jon OF
All Tamps 2000 — 2007 (12 UTE Verification Time) wox: 1) Min: —0.5 Weor| D07 StDew 021 Al Temps 2000 — 2007 (12 LIC Verification Time}
bigs (model - obs) of temperoture { 24 H Horecosts |, |interval = 0.2 Kelvin } rmse of temperature {24 H Furecust
i = 2.00 ; £.00
1.80 — - N\T 2 3.80
1.60 '(\/\/\ \/3 f\/- X o—2 . 3.60
1.40 3.40
1.20 3.20
1.00 3.00
0.80 2.80
0.60 2.60
- 0.40 - 2.40
2 4 H i 0.20 i 2.20
e 0.00 e 2.00
2 -0.20 2 1.80
g -0.40 2 1,80
-0.60 1.40
-0.80 1.20
-1.00 1.00
-1.20 1 .80
=1.40 v 0.60
=1.60 0.40
~1.80 ,"( 3 .’3 | 0.20
U0 JenD1 JW 01 Son 02 Jul0Z Jen 03 JU O3 JohO4 w04 | Jamn 05 Jui 0% | Jon 06 Jul 08 JulDO Jen @1 Ju 01 Jon 02 W02 Jen 03 JU O3 Jog 04 I 04 | Jan 05 Jul 0% | Jom 06 Jul 06 Jan OF
All Temps 2000 ~ 2007 (12 UTC Verification Time} wox: 1 Min: -0.8 Meon| 0.04 StDev 0.36 Al Temps 2000 — 2007 (12 UTC Verification Time} Mox: 3|1 Min: 0.8 Meon: [1.45 StDev: 033
bios (model — obs) of temperoture { 48 H Horecosts |, |interval = 0.2 Keivin } rmse of lEmperoLufe [ 48 H Fnrecush , intervo| = 0.2 Kelvin )|
| L8 2 W U — VAP /eSS 2.00 W y ; ! " ] 4.00
) =) 4 o IR =S LAd { it 8 /M e w\_/u_.__/a_/\_/\_ﬂ/ — 2~ N ] T
1.60 i 360
~ 1.40 | 3.40
0_ D 1.20 3.20
N 1.00 3.00
WAL 0.80 2.80
v 0.60 2.60
= 0.40 = 2.40
2 0.20 2 2.20
. 0.00 . 2.00
2 -0.20 2 1.80
£ ~0.40 £ 1.60
| -0.60 1.40
—-0.BD 1.20
-1.00 1.00
-1.20 0.80
=1.40 .60
-1.60 1 ; : c P
-1.80 L L | 4! f 0.20
5 | \ | D'- \ 2 | 7y N |
3 | - - N . X
_ v 3 2 el 2] ORE, . AR v\ 15 TSI 15 o
Jul 00 Jon @ Jul O Jon©2 Jul©F Jon 03 JW O3 Jon 04 Ju 04 JanOS  Jul 05 Jon OB Jul O  Jon OF Jul 80 JonOF  Jul D) Jon B2 JU 02 Jon 03 JW 03 Jon 04 SiD4 Jon DS Jul©5  Jon OB Jul OF  Jon OF
Al Tempn 2000 — 2007 (12 UTC Verificotion Time) Mox: 1B Min: -1.1 Mear: 0.04 StDev. 044 A Temps 2000 - 2007 (12 UTC Verification Time) Mox: 35 Mim: 1.0 Meon: 181 SiDev: 038

created of Tue Feb 13 13:33:50 2007 by Deutscher Wetterdienst created of Tue Feb 13 13:30:54 2007 by Deutscher Wetterdienst




BIAS  Temperature RMSE

bios (model — obs) of temperoture { 00 H Forecosts , interval = 0.2 Kelvin )

rmse of tempercture { 00 H Forecasts |, intervel = 0.2 Kelvin )

200
1.80
1.60 400
1.40
1.20
1.00
0.80
0.60 900,
- 0.40 -
g 0.20 g
00H 2
-0.20
§ -0.40 g m
—0.60
-0.80
-1.00
-1.20 i
—1.40
-1.60
-1.B0
—-2.00
vouo SN i ) PP .\ L YL R il Wit gy 1000 :
Jul 00 Jer 01 JA D1 Jon 02 Jul02 Jen @3 JAOS Jen D4 MIO4 Jon OS5 JWOS Jen 06 S 06 Jan OF Jer 01 JW D Jon D2 Jul02 Jen 03 JW O3 Jen 04 S04 Jen 05 JuIOS Jon 06 Jul 06 Jon OF
All Terrps 2000 — 2007 (12 UTC Verificoticn Tima) Mgx: 1.1 Min: —0.8 Meon: 007 Stlew 0.20 All Ternps 2000 — 2007 (12 UTC Verification Time} Mox: 1.8 Min: 0.4 Meon; O.77 SiDev: 0.24
bios (model - ohs) of temperature { 24 H Forecests , interval = 0.2 Kelvin } rmae of temperature { 24 H Forecosis , interval = 0.2 Kelvin )
§ 2.00 4.00
1.80 3.80
s 1.60 b 3.60
1.40 3.40
1.20 3.20
1.00 3.00
0.80 2.80
08 0.60 00 2.60
- 0.40 - 2.40
2 4 H i 0.20 g 2.20
® 0.00 ® 200
-0.20 1.80
é o —0.40 é o 160
-0.60 1.40
~0.80 1.20
—1.00 1.00
o -1.20 o 0.80
=1.40 0.60
-1.60 0.40
-1.80 0.20
—-2.00 .00
1000 B bt o 4 s " 1000 ke i s i 1 LY, i - iy 1.4
U 0D Jen 01 JW O Son 02 02 Jon O3 JW O3 JonO4 MDA Jon DS JWi0S Jon 05 Ju 08 Jan 07 den @1 JuW Q1 Jon 02 Jui©0Z Jen 03 JW O3 JonD4 NID4 Jon D3 JuI 0% Jon 05 Jul 08 Jan OF
Wi Temps 2000 — 2007 (12 UTC Verification Time) Maox: 1.8 Min: 0.9 Meon: 0,04 StDew: 0.38 Ml Temps 2000 — 2007 (12 UTC Verification Time) Mox: 3.1 Min: 0.8 Meon: 1.45 StDew: 033
bios (model = obs) of temperature { H Forecests , interval = 0.2 Kelvin rmse of temperoture { 48 H Forecosts , intervol = 0.2 Kelvin
" 2.00 4.00
1.80 38D
e 1.60 L, 3.60
1.40 3.40
1.20 3.20
1.00 3.00
ol 0.80 ol 2.80
0.60 I 2.60
- 0.40 - E 2.40
[ 0.20 [ 2.20
4 8 H F 0.00 H 2.00
8 —0.20 2 1.80
g o ~0.40 2. 1.60
~0.60 1.40
—0.8D 1.20
-1.00 1.00
sk -1.20 i 0.80
| =1.40 0.80
=1.60 D.40
~-1.80 0.20
—2.00 0.00
1000 W £ s Al NPT ol 1000 h 1 i 4 S
Jul 00 Jon O JulO! Jon 02 Jul02 Jen 03 JW O3 Jen 04 JuiD4 Jan 05 Jul 05 Jon OB Jul 06  Jon OF i 00 Jon O JulO) Jon02 JWOF Jon 03 JW 03 JonO4 MID4 Jon 05 Jul D5 Jon OB Jul OF  Jon OF
Al Tempn 2000 — 2007 (12 UTC Verification Tima} Mox: 1B Min: -1.1 Mear: 0.04 StDev. 044 A Temps 2000 - 2007 (12 UTC Verification Time) Mox: 35 Min: 1.0 Meon: 181 SiDev: 0.38

created ot Tue Feb 13 13:30:50 2007 by Deutscher Wetterdienst created of Tue Feb 13 13:30:54 2007 by Deutscher Wetterdienst



BIAS Temperature

4.00
3.80
360
3.40
3.20
3.00
2.80
2.860
2.40
2.20
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Sm o l?u?‘(:r:old‘nll - r:;IJs) of temperature {IOO H Forecosts ., interval = 0.2 Koyl \I —
CESWEEYNEES LI

~-e¥ 2 O

I

OO0 H

pressure (hPa}
T

~

n

5 . Qf\m.
FiS L I L A i L

I
Jd 01 Jan D2 Jul 02 Jen 03  JW O3 Jop 04 Jom 05 JW 0S| Jen 06 Jul 06 Jon OF
Al Ternps 2000 — 2007 (12 UTC Verificotien Time) Mox: 1) Min: -0L5 Mecn D07 Sthew 0.21

2

&
Vi

Jen 01

04 Sl D4 | Jon 05 Jul 05
Mox; 18 Min; 0.4 Meon;

Jl 01 Jan D2 Jul 02 Jon O3 JW O3 Jo
Al Tomps 2000 — 2007 (12 UTC Verification Tima}

Jul 00 Jul 00 Jen D1 Jon 06 Jul O6

oL 7T SiDew: 0.24

Jan 07

bigs (model - obs) of temperoture { 24 H Horecosts |, |interval = 0.2 Kelvin } rmse of temperature { 24 H Furecus!s , interve] = 0.2 Kelvin )

4.00
3.80
3.60
3 3.40
- 3.20
3.00
280
2.60
2.40
2.20
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
] 0.00

A bt \

X o— =2 )

b (22—l

24 H

prassuee (APo)
prassure (APo)

_UV

1000 1
Jul 00

TR

Jen 01 JW O Jan D2 Jul 02 Jen Q3  Jul 03 04 Jul D8
All Temps 2000 — 2007 (12 UTC Verification ﬁrre} Max: 1,

.r-n.r.

Jon 08 Jul 06
0.04 StDev: 0.36

A5 o Ty

dam 03 Jul 0%
Min: -0.9 Meon|

Jul 04 | Jan O3 Jul 0% Jan 07

Mox: 311 Min: 0.8 Meon:

JA D1 Jan 02 Jul 02 Jen O3  Ju 03 Jof 04
Al Temps 2000 — 2007 (12 UTC Verification Time}

Jan 07 Jul 00 Jen @1 Jon 06 Jul 06

1.45 SiDev: 0.33

bios (model ~ pbs) of temperoture { 4B H Horecosts interval = 0.2 rmse of temperoture { 48 H Forecoste interval

B AT

= 0.2 Kelvin )

elvin

N Wik A = 2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

—-0.20

—0.40

-0.60

-0.80 E |

-1.00 4 I {

. (LH' tHOjnﬁl

1000 -.1--‘\’--: 1--? il
Jul 00 Jon 01 Jul 01 Jon 02  JuW 02  Jon O3 Jdon 04

4.00
3.80
360
3.40
3.20
3.00
2.80
2.60
2.40
2.20
2.00
1.80
1.60
¥ 1.40
i = 1.20
I ; \ 1.00
0.80
0.60
0.40

[ 3| NN VN o e

N .~

e

N ——

200

400|

48 H

pressure (hPa)
pressure (hPa)
T

V“'
~.non:-l ..l. AR s 0|\‘\ .t.n FP&.‘F . b'.o

Jul 00 Jom O JulO! Jon 02 Jul 02 Jon 03 JW O3 Jen 04 Jui04 Jan 05  JulO5  Jon OB

~

0.20
0.00

—2 oo

Jul 08

Jon O7 Jul 04 Jan 05 Jul 05  Jon OB Jul OB  Jon 07

All Tempn 2000 = 2007 (12 UTC Verification Tima)

created ot Tue Feb 13 13:30:50 2007 by Deutscher Wetlerdienst

Mox: 1.8 Min: <11 Mear: 0.04 SiDev: D44

Al Temps 2000 = 2007 (12 UTC Verifi :ubnn 'I'rr\c}

created ot Tue Feb 13 13:30:54 2007 by Deutscher Wetterdienst

Mox: 3.5 Min: 1.0 Meon: 1.81 StDev: 0.36




BIAS Relative Humidity
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=
> Upper atmosphere (1)

e Relative Humidity

— since Implementation of prognostic cloud ice a
positive BIAS during winter is existing

— but also a reduction of RMSE

o Temperature between 850 hpa und 400 hPa

— Seasonal change of BIAS, positive in summer (up to
0.6 K), negativ in winter (down to -0.8K),

— slight reduction of RMSE

 Temperature in Boundary Layer

— since 2005: negative BIAS (down to -0.8 K) in winter
near ground,

— slight reduction of RMSE
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2 Upper atmosphere (2)

 Windspeed

— reduced RMSE beginning with 2004 compared to
the start of LM-era

e \Winddirection

— reduced RMSE beginning with 2004 compared to
the start of LM-era

o Geopotential

— Reduced RMSE of geopotential during last years
compared to the start of LM-era
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