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WG1 Overview Deutscher Wetterdienst \@

Wetter und Klima aus einer Hand

chri st oph. schraf f @wd. de
Deutscher Wetterdienst, D-63067 Offenbach, Germany

current DA method: nudging LETKE

T

radar reflectivity (precip):

* latent heat nudging

 1DVar (comparison)
|

LETKF for HRM
. (flnal setup) '

2 Satellite radiances, 1DVAR:

radar radial wind: r

* VAD (at DWD: no benefit) - *  AMSU-A, SEVIRI, IASI (new tests)

* nudg. V, (offline monitoring) e gpatial AMSU-A obs errors statistics
AN .'

GPS (GNSS): study of influenc of biases on convection :

* IWV (new modif., tests) * Vaisala RS-92 humidity obs dry bias

* model warm bias (daytime, low levels)

. surface (snow .. )

screen-level:
e scatterometer wind (tests) ] ePPCOLOBOC

e (improved use of Synops)

e (tomography profiles)
I
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Recent experiments with the
nudging-type assimilation at DWD

Deutscher Wetterdienst (@)

Wetter und Klima aus einer Hand

e latent heat nudging (LHN)
— use of extended radar composite
— Influence of spatial scale on scores
(Klaus Stephan)

e assimilation of ground-based GPS-derived
integrated water vapour (IWV)

(Karolin Eichler, Klaus Stephan, Christoph Schraff)

e the deficit of convective precip in 12-UTC runs:
an issue of biases in the data assimilation

— radiosonde humidity observation bias
— temperature / pressure model bias
(Klaus Stephan, Christoph Schraff)

COSMO-DE: Ax = 2.8 km
(deep convection explicit,
shallow convection param.)

domain size : ~ 1250 x 1150 km

CONSIRIIUM FOR SMELL SCRIE MODELING Recent expenments W|th nudgmg at DWD
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LHN in COSMO-DE: (ﬁ

use of extended radar composite Deutscher Wetterdienst

Wetter und Klima aus einer Hand

Use of extended composite of radar-derived surface precipitation in LHN
all experiments & plots by Klaus Stephan

1h PRECIPITATIO 1h PRECIPITATIO

+ NL composite (3 Sta.)
+ B composite (2 Sta.)
+ 10 French stations
+ 3 Swiss stations

limited quality control:
+ filtering of clutter

+ gross error detection
(anomalous histogram)

+ blacklist (by comparison
to satellite cloud)

Mean: 0.7215891 Min: & Mes: 48,076 Mean: (1317538 Min: & Mo 10,017

— no radar beam height map
for bright band detection

il 02 05 1 z a 10 15 20 20 40 il 0.2 05 1 z a 10 15 20 30 40
mrn/h mm,/h

with quality control
on single-radar data

CONSORTIUM FOR SMALL SCRIE MODELING
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LHN in COSMO-DE:
use of extended radar composite

Deutscher Wetterdienst

Wetter und Klima aus einer Hand
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use of extended radar composite Deutscher Wetterdienst

Wetter und Klima aus einer Hand

LHN in COSMO-DE: (ﬁ)

skill scores 22 June — 14 July 2009

Events FBI ETS : Imk 1004 00 0.1 20080622-20090714 _23 Events FBI ETS : Imk 1004 12 0.1 20090622-20090714 _23

40 1 ] I I 1 ] I I
Imk Imk
1004 ——— 4

0-UTC forecasts German radars | | 12-UTC forecasts
all radars | |

35

30 +

TS

25

ETS =}

" Imk
O.l mm 10?4—

|
J

FBI
0‘2 | 1 | | | 1 | |

240000 I5 1ICI 1|5 2|D 5 10 15 20
| ®—1 « slight improvement in scores
& fonmn | 1 « large improvement in single cases

140000 -

oo - . - . . 1 « operational in spring 2010

5 10 15 20

Daniel Leuenberger (Meteo-Swiss) : re-introduction of spatial quality function w
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LHN in COSMO-DE: (ﬁ)

influence of spatial scale on scores Deutscher Wetterdienst

Wetter und Klima aus einer Hand

15 June — 15 July 2009 , O-utc COSMO-DE forecast runs, threshold = 0.1 mm/h

45 T T T !
a0 I\ opr (LHN) —/— | use of
: S AN no LHN i
Equitable . German
o 30 F .
Threat 5 | S~ | radar )
Score 20 o — T | networ
15 H__\“\x:;u___:__....--—— - — . onIy
12 I’:': 1I[I 1I5 P_I’D
r I 1 Imk
GoR2
Frequency _ B -
Bias e —
2 " :5 1:0 1:5 _s_%u
il e —
£ 170030 §

5 10 15 20
» time of day [h]
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influence of spatial scale on scores Deutscher Wetterdienst

Wetter und Klima aus einer Hand

LHN in COSMO-DE: \&

Fractions Skill Score
(Roberts and Lean, 2008, MWR)

radar forecast
+ |+ |+ |+ |+ + ]+ |+ | MSE
B |+ [+ |+ o I T T FFS =1 -
y MSE, ;
AlT[+|EH* |~ + |+ |+ ]+ |+
+ |+ |+ |+ ]|+ + [+ |+ |+ ]|+
domain
+ |l H |+ ]+ |+ 1 ‘ + |+ |+ MSE = (O_ F)2
» X - ~—domain
1, 6/25 0, 6/25 MSE,y = O° +F
@) resp. F: ( MSE, : largest possible MSE )

number of grid points
with value > threshold
in the neighbourhood
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LHN in COSMO-DE:
influence of spatial scale on scores Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

15 June — 15 July 2009 , O- UTC COSMO DE forecast runs

ETS,2.8km | FSS,14km | | FSS,140km .. FSS 560 km
(5 grid pts) "y (51 9.p.) Ju! (201 g. p)
0.1 mm/h || =
(AN
L \.\_\_ EREER \\\ ,\ 0L
\ 0.7 |
b \ o 05 \,__,\\ \ \\ [
k _ - o 045 \v’\\\ ///// \\\ 07 \":i il
S 0.8+
| | | | o \ \R
| | Opr‘ (LH'\i) sgglz(— . sgglz(— ss‘;rg‘z‘—
no LHN —|” ‘ !
\‘/\
20mmm “ ' N

Wt / ol
/\ \/\\—/ Tul \/ \\/ .m_

f
¥

N N N
= = E
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e t|me of day [h]
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LHN in COSMO-DE:
influence of spatial scale on scores

Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

15 June — 15 July 2009 , 6-utc COSMO-DE forecast runs

ETS,2.8km | FSS,14km | . FSS,140km| | /MFSS,Sﬁokm
| / \ 7N
0.1 mm/h | . V. \ /\”ﬂ \
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LHN in COSMO-DE:
influence of spatial scale on scores

Deutscher Wetterdienst

Wetter und Klima aus einer Hand

®
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o

15 June — 15 July 2009 , 12-utc COSMO-DE forecast runs
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AN
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/ \ Jo7
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LHN in COSMO-DE:
influence of spatial scale on scores

Deutscher Wetterdienst

Wetter und Klima aus einer Hand
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15 June — 15 July 2009

18-utc COSMO-DE forecast runs
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assimilation of ground-based GNSS-IWV:
iIntroduction

Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

* GNSS = Global Navigation Satellite System
— GPS (USA)
— GLONASS (Russia)
— GALILEO (EU)

e delay of a signal due to atmospheric refractivity

e Slant Total Delay (STD, integrated value) :
‘measured’ by calculating the time difference
between sending and receiving the signal

e Zenith Total Delay (ZTD) : by mapping TSD

e Zenith Wet Delay (ZWD) = ZTD — ZDD, where
Zenith Dry Delay computed using model
pressure and temperature

* Integrated Water Vapour proportional to ZWD

2
> f
?&%’I‘ L, emitting time at satellite 20'200 km
e
---------------------------- ~1'000 km
lonosphere ~ 300 - 400 km
-------------- TP R A E Y PR B -..70km
W: diffracted
ray path
=m TIOPOPAUSE e e s e e e e = ~ 9-16 km

W,: ray path in ¢ - ¥ y

Troposphere Ihe Iacuiris Sy

t: arriving time at receiver

Troller, M.R. (2004): 'GPS based Determination of the Integrated
and Spatially Distributed Water Vapor in the Troposphere.’
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assimilation of ground-based GNSS-IWV:

introduction

Deutscher Wetterdienst

Wetter und Klima aus einer Hand

LPT(R)
Switzerland

METO
UK

NGAA
Sweden

ROB
Belgium

KNMI(1)
Netherlands

Linux
Workstation

IGE |
Spain

SGN
France

NRT f{tp users
& mirror sites

GTS Users ’

Green = nation member of E-GVAP. Blue = nation not member of E-GVAP.
Orange = no updates to processing.

http://egvap.dmi.dk/
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assimilation of ground-based GNSS-IWV: GNSS experiment B
processing in the nudging Deutscher Wetterdienst @

Wetter und Klima aus einer Hand

e certain processing centres are preferred over others in the redundancy check
* reject observed IWV < 2 kg/m?

* first guess check for IWV, threshold = 0.15 IWV spatial consistency check

saturat.

e conversion of IWV into humidity: WV (eorr)
scale model specific humidity profile L =0q, obs
to obtain retrieved specific humidity profile : o ™ IWV

* if retrieved profile exceeds saturation at some levels, correct it iteratively

e determine quality weights at each model layer

CONSOATION FOR SMRLL SCAIE MOOELING . . 5 —
Recent experiments with nudging at DWD g %
c.s Mo Moscow, 6 September 2010 christoph.schraff@dwd.de



assimilation of ground-based GNSS-IWV: po
the problem of late data availability Deutscher Wetterdienst \@

Wetter und Klima aus einer Hand

Analysis Centers

Store Time of GPS Data for 88 UTC run

48

Store time of GNSS data

.l . .+ 4+ |forreference time

i - *f 00:00:00 - 00:45:00 UTC
+

30 +
+

data availability for
° + +| o forecast: <1 %

o | + | < time critical analysis: ~ 50 %
(mainly fromt <t — 1h)

15 | data f%‘ﬁt'Off T 1 ¢ assimilation : ~ 90 %

COS|MO-DE (of what is available after days)

1 1 1 1
0B:00:00 ©80:15:80 00:30:00 060:45:00 01:080:00 81:15:00 ©81:30:80 081:45:800 02:00:0
Tine [HH:HH:55]

nearly no GNSS data used from last hour before analysis time and during ‘nudgcast’
— forecast impact larger, if more data were used ?

CONSOATION FOR SMRLL SCAIE MOOELING . . 5 —
Recent experiments with nudging at DWD g %
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results for summer period Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: ('WEE

2 — 31 July 2009 , precipitation scores (threshold 0.1 mm/h)

I 0oBs —— 50 I

. T '
« daily cycle me—— | ETS, 2.8km FSS, 140km
90 —— | 188
| (519.p.)
14-. 40 4 09F .
A2+ J 35 I 4 85F
0.1 N ObS 30- ﬂ'x‘ ) 408}
o8t ref (no GNSS) % 4 7t
o opr GNSS]| )
« 0-UTC runs all GNSS] 15 i
- in | I

.95

7151

J 09

85

06 | g 20- : ) | |

» 12-UTC runs g W _

0 ‘ ‘ i \ I | | - ‘ ‘ ) ‘
5 10 15 20 > tlme Of day [h] 5 10 15 20
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results for summer period Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: GNSS experiment ,WEC

location of precip reference (no GNSYS) GNSS experiment
; AR “ ; . Ry

(>01mmh) ST
on 17 July 2009, <
16 UTC ™

4

[ N -
4 -
. -. et
3 I
X A .
i
5 (EA ks

kil

hits (precip) |
missed events
false alarms

T B 1 2E 3 4 SE W 4W TN PN W o £ X% 3E 4 5
Radar: mean: 0488 mm/h max: 38.42 mm/h Radar: mean: 0,488 mm/h max 38.42 mm/h
axp_T151_00UTC: mean: 0.773 mm/h max: 4112 mm/h exp TETE_OOUTS: medn: 0.784 mm/h max: 31.63 mm/h
mizzed {black): 9851  folse {red): 13347 hits (green): E37Z missed {black): 2805 false {red) 14391 hita (grasn): 7015

phase lag of squall line: increased (only) very (!) slightly by GNSS
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assimilation of ground-based GNSS-IWV:

results for summer period

Deutscher Wetterdienst

Wetter und Klima aus einer Hand

®

* upper-air verification:

bias

relative humidity  rmse

— humidity conveyed upwards,
moistening at 12 UTC

— humidity rmse improved
at+12h

— neutral impact for
wind + temperature

Ll

0 UTC

* Synop verification:
— Nno negative impacts
— bias slightly reduced
for ps, Toms Tg ome ddyon,

2m?

12 UTC

no GNSS
opr GNSS
+0h
+12h

1000
* precipitation: !

n
Izl

— scores strongly improved during assimilation

— scores moderately improved in forecast, could be significantly enhanced
if GNSS data were available closer to real time

— phase errors (lag) of fronts / convergence lines (only) very slightly increased

Recent experiments with nudging at DWD
Moscow, 6 September 2010

.iHWSﬂMM FOR SHALL SCRLE WOOELING

christoph.schraff@dwd.de



Impact on wintertime low stratus Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: (IWEE

winter period: 2 — 24 Jan. 2010, with ~ 10 days with low stratus
expected: problems with IWV-nudging in cases of strong vertical humidity gradients

— examples
COSMO-DE analyses

15 Jan 2010, 10 uTtcC referen

: \ ; g
} ﬁl i y . ! '

ce (no GNSS) GNSS experiment
BN WS T2y

M

050

i ;I‘ I o , {020

i

125 25 375 &0 G2 5 75 275 100
low cloud cover [%]
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Impact on wintertime low stratus Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: (WEE

reference (no GNSS) GNSS experiment
CLCT(MODEL) - CLCT(SYNOP) CLCT(MODEL) - CLCT(SYNOP)
COSMO-DE .
analysis N
minus
Synop obs., ™

15 Jan, 10 utc

total
cloud cover

Mean: —7. 46331 Wine =100 oy B8 Mean: —33.8337 bt —100 Mo B8
bias =-7% : rmse =29 % bias =-33% : rmse =53 %
C T T 1T T T T T T -8l [ [ [ [ [ [ T [ ]
—80 —BG 70 —&0 —-50 —40 -3¢ -20 —1C 10 20 30 40 S0 80 70 80 &0 —a0 —B —70 —&0 —50 —40 -3¢ -20—-1C 10 20 30 41 S0 60 70 80 B0
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assimilation of ground-based GNSS-IWV: po
Impact on wintertime low stratus Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

reference (no GNSS) GNSS experiment
T2M(MODEL) - T2M{(SYNOP) T2M(MODEL) - T2M{(SYNOP)
COSMO-DE 0:2%0 f? ow.: &5ev 0:2%0 s ow-: 56”
analysis ° O 040 5 0BG ° O 040 1 OBDO
minus &
Synop obs.,
15 Jan, 10 utC
8 _ 8
2-m
temperature

SN 4w 3w ZW W 0 1E 2E 3E 4E SEOW AW 3N oW W 0 1E 2E 3E 4E SE
Mean: —0. 675276 Min: —6.7TE7E heiw: T 9FZ30 Mean: —1.63202 Mim: —=7.142 Weix: B.92TEGB

bias =-0.63K;: rmse=1.7 K bias=-1.63K: rmse=2.4K

-10 -7 -5 -4 -3 -2 -1 —GE-0DZGZ A5 1 zZ 3 4 & 7 10 -10 -7 -5 -4 -3 -2 -1 —GE-0DZGZ A5 1 zZ 3 4 & 7 10

CONSOATION FOR SMRLL SCAIE MOOELING . . 5 —
Recent experiments with nudging at DWD g %
GOSMO Moscow, 6 September 2010 christoph.schraff@dwd.de



Impact on wintertime low stratus Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: (IWEE

COSMO-DE forecasts _reference (no GNSS)
starting from = iy
15 Jan 2010, 6 uTC 2

low cloud cover [%)]

| | |
125 25 375 50 625 75 875 100

10 utc | J
¥ *, < -
! 4
& /! ~
r 4
» P/
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assimilation of ground-based GNSS-IWV: e
Impact on wintertime low stratus Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

IWV of (GNSS — referqnce )

0 GNSS)

Recent experiments w
Moscow, 6 September 2010




Impact on wintertime low stratus Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: ('WEE

vertical profiles cloud cover [%)] relative humidity
Aachen i = | ref (no GNSS), ana
|l GNSS exp., ana |
P ]
6 UTC ; =
=
low cloud removed, ol
———p—
fleettelil: 100 : : : : _ : : :
use of GNSS «—— |} Essen radiosonde, 10:45 UTC
reduces IWV i\ ref, +4h fcst |
] . GNSS, +4h fcst
10 UTC : =

CONSOATION FOR SMRLL SCAIE MOOELING . . 5 —
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assimilation of ground-based GNSS-IWV: e
Impact on wintertime low stratus Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

vertical profiles cloud cover [%)] relative humidity [%0]

Stuttgart " - wm=h ref (no GNSS), ana|
GNSS exp., ana |

188

6UTC 3 = —
1aaar—__‘ . . . L
° o= |k radiosonde, 10:45 UTC
ref, +4.75h
288 - NSS, +4-75h |
10:45 UTC 3 =
E BBBP”_

788

888

low cloud removed, | -
reason: m :.a - - - P m
use of GNSS conveys humidity from low troposphere upwards (without reducing IWV)
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assimilation of ground-based GNSS-IWV: po
Impact on wintertime low stratus Deutscher Wetterdienst (@
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experiment

g 8h

. -
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SMO Moscow, 6 September 2010




Impact on wintertime low stratus Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: (WEE

reference (no GNSS) GNSS experiment
CLCT(MODEL) - CLCT(SYNOP) CLCT(MODEL) - CLCT(SYNOP)

21-hour

forecasts
starting from
15 Jan, 6 UTC

total
cloud cover

Mean: —23.051% Min: —100 Max: 100 Mean: —46.2448 Min: —100 Max: 100
bias =-28 % : rmse =52 % bias =-46 % : rmse = 65 %
C T T 1T T T T T T e -4 [ [ [ [ [ [ [ [ ]

—80 —BZ —70 —&0 —50 —40 —3C¢ -20 —10 10 20 30 40 50 &0 7G A0 B0 —80 —BZ —70 —&0 —50 —40 —3C¢ -20 —10 10 20 30 40 50 &0 7G A0 B0
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assimilation of ground-based GNSS-IWV:
Impact on wintertime low stratus

Deutscher Wetterdienst

Wetter und Klima aus einer Hand

@

reference (no GNSS)
T2M(MODEL) — T2M(SYNOP)

GNSS experiment
T2M(MODEL) — T2M(SYNOP)

21-hour

forecasts
starting from
15 Jan, 6 UTC

&M

. P o 0
%0 9555 o

2-m
temperature

PG 1T

Q O‘. .O. L)
Q.S &
° ?0 e l'.g e

0

SN 4w 3w ZW W 1E 2E 3E 4E SE
Menan: —1 47405 hit: —7.4071% bderw: 11 56817
bias =-1.47 K;: rmse =3.0K

-l T T T 77T T -

-10 -7 -5 -4 -3 -2 -1 —GE-0DZGZ A5 1 zZ 3 4 & 7 10

Min: =7 7171

Menan: =2 57404 ber: 11.03389

bias =-252K: rmse=3.7K
T T L LT T T T T

CONSURIIUM FOR SMELL SCRIE MODELING

c®smo

Recent experiments with nudging at DWD
Moscow, 6 September 2010

e

christoph.schraff@dwd.de



Impact on wintertime low stratus Deutscher Wetterdienst

Wetter und Klima aus einer Hand

assimilation of ground-based GNSS-IWV: (IWEE

forecasts from 23 Jan, O uTcC reference (no

A -
3 -,

7
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assimilation of ground-based GNSS-IWV:
Impact on wintertime precipitation Deutscher Wetterdienst (

Wetter und Klima aus einer Hand

24-hour precipitation sum for 25 Jan. 2010, 6 uTc

sum of 2 COSMO-DE 6 — 18 hour forecasts

radar obs reference (no GNSYS) GNSS experiment
Precipitation 24.01.2010 06 UTC + 24h {Obs) Precipitation 24.01.2010 06 UTC + 24h (fore_7431)Precipitation 24.01.2010 06 UTC + 24h (fore_7672)
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Mear: 1.8932  Min: 0.0 Maw: 14.3 var: 7.341212 bear: 22720 Min: 0.0 Max: 20,180 Yar; 9.6560 Mean: 1.8475  Min: 0.0 Max 95211 Yar: 63244
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-~ positive impact in southern Germany
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assimilation of ground-based GNSS-IWV: pe
Impact on wintertime precipitation Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

24-hour precipitation sum for 3 Jan. 2010, 6 uTC

COSMO-DE assimilation

radar obs reference (no GNSS) GNSS experiment
Precipitation 62.01.2010 06 UTC + 24h (Obs)  Precipitation 02.01.2010 06 UTC + 24h (7431) Precipitation 02, c-1 2010 08 UTC+ 24h {7672)

BT

]

R ey
& . .\;_ R - !_ * " ! ; - L
Mean: 1.9498  Win: 0.0 Max: 19.85 War: 41970 Mean: 24968  Min: 0.0 Max: 19,723 yar: 3.5175 Mear: 61169  Min: 0.0 Max: 28.23% War: 14,637
e N B s 1 N O s | [ o
[MM/24h] = = e _ excessive increase of snowfall

— reason: GNSS can increase humidity in (sub-saturated) levels with cloud ice, where
the model can get rid of the added water vapour by producing ice + snow

— no net change of humidity, but continous production of snowfall
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assimilation of ground-based GNSS-IWV:
Impact on wintertime precipitation Deutscher Wetterdienst
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- refinement: no use of GNSS obs increments in levels with cloud ice

COSMO-DE assimilation

radar obs reference (no GNSS) GNSS experiment

Precipitation 2.01.2010 06 UTC + 24h (Obs)  Precipitation 02.01.2010 06 UTC + 24h {7431}  Precipitation 02.01.2010 06 UTC + 24h {7821)
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Mean: 1.9486  Min: 0.0 Max: 19.85 Mar: 41970 Mean: 24968  Min: 0.0 Max: 19723 var 35175 Mean: 2.533%9  Min: 0.0 Max: 21.287  War: 3.8348%

[mm/24h] (W] 1 2 g 10 15 20 15 30 BO AO

— no excessive increase of snowfall !
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Impact on wintertime low stratus Deutscher Wetterdienst
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assimilation of ground-based GNSS-IWV: ('WEE

reference
ig Jan, analysis
VTe (no GNSS)
original revised
GNSS GNSS
analysis analysis
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assimilation of ground-based GNSS-IWV: po
summary Deutscher Wetterdienst (@
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° summer: neutral to positive impact (humidity, precip),
precip could be more improved if GNSS data were available sooner

° winter:
— upper-air verification: neutral impact
— Synop verification: slightly negative for total & low cloud, T,,,
— negative impact on low stratus / excessive snowfall with original version

— revision: neglect GNSS obs increments in presence of cloud ice
(- reduced upward transport of humidity due to GNSYS)

— neutral impact on snowfall (and low stratus ?) with revised version

- further steps:
— re-compute full winter and summer (!) test periods with revised version

— probably need define appropriate criteria related to strong vertical gradients of
humidity (temperature) where influence of GNSS is reduced / eliminated

— try to get GNSS data closer to real time
— monitoring / quality control issues (blacklisting)
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Influence of biases on COSMO-DE: W
status at last GM Deutscher Wetterdienst (@

Wetter und Klima aus einer Hand

Starting point: convection-permitting COSMO version as operational in summer 2007
strongly underestimated diurnal cycle of precipitation in convective conditions

- ‘new PBL’ (COSMO V4 _8) : reduced turbulent mixing (opr. summer 09):
— reduced max. turbulent length scale (Blackadar length : 200m — 60 m)
— reduced subgrid cloud fraction in moist turbulence

test period : 31 May — 13 June 2007: warm, rather frequent and strong air-mass convection

radar obs
— — 0ld PBL
4 0.6 F .-.-I-I-neWPBL

1 1 1
10 15 20 25 30 35 40 4! 10 15 20 25 30 35 40 45 50

éolz-h(;ur forecasts: ‘new PBL’ greatly improves diurnal cycle of precip,

except for first 12 hours (incl. peak in afternoon) of 12-utc ru%&_
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status at last GM Deutscher Wetterdienst

Wetter und Klima aus einer Hand

influence of biases on COSMO-DE: \&

Why do biases in the diurnal cycle of precipitation depend on the initial time of forecasts ?

Possible reasons for problems with 12-UTC runs:

— Latent Heat Nudging ? — small impact on bias (except first ~ 3 hours)
— radiosonde humidity: daytime RS92 dry bias ?
— radlosonde / alrcraft temperature due to warm blas in model low troposphere ?

0.18 0.18 r
£ radar obs 7080 — —
6068 - A
6975 - *1*l — — new PBL, all obs |

e o1a| = = === NORS hum
.| all without LHN

still too
early
drop .
after

01

0.08 w4f~ 2 \ 0.08 .\\\‘\‘.‘ oon -
! - radar obs nee v
004 /“\—\\ old PBL, all obs \
no RS hum N T
0.02 | no LHN, no RS hum -
old PBL, no radiosonde humidity: new PBL, no radiosonde humidity:
afternoon much better, too much at night Increases precip (at noon),

no upper-air T: even better, worse scores but does not mitigate afternoon drop
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influence of biases on COSMO-DE:
new results: neglect of T, p, obs

Deutscher Wetterdienst

Wetter und Klima aus einer Hand
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influence of biases on COSMO-DE: o
bias correction of radiosonde humidity Deutscher Wetterdienst \@
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Dry bias of Vaisala RS92 radiosonde: Neglect of humidity is not desirable
— bias correction, according to Miloshevich et al., 2009 (J. Geophys. Res.) :

— ‘RH-BC solar’: correct solar radiation error (dep. on solar elevation, p, RH,,.)
(~ 7 —-10 % of RH_,, below 500 hPa, >>10 % above)

— ‘RH-BC total’: correct total error (dep. on pressure level p, RH_,,)
(night: ~ -3 % of RH,,, below 500 hPa, >0 % above)

WY nearoy FAS0 stetions June 2007

26.5

GPS IWV obs
— no bias corr
4+, . |RH-BC total

W

B JUr JD'\”‘Q — corrects humidity

LoD / P bias at 12 UTC
°T 4;5\5// /K*s(/x/

o] ‘
7 \ //\ \\ // oBS

new23_ 00
A . new-23__ 12 —x—
BCorr H 00 ——
BCorr_H_|12 ——

1
0 a 10 15 20

24

Hour —
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iInfluence of biases on COSMO-DE.
bias correction of radiosonde humidity

Deutscher Wetterdienst
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influence of biases on COSMO-DE: pe
bias correction: adjust to T, p, model bias Deutscher Wetterdienst (@)
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‘new PBL’ leads to significant warm bias (of forecasts) in low troposphere at noon
l.e. COSMO-DE needs excessive instability on a large scale
to produce sufficient convective precip on its own

bempe-alurs

LA0S T-

- —old PBL radiosonde
fonz. T new PBL temperature 3
+0h +12h ‘\ bias correction
<
~ add bias to temperature / pressure obs £ 5 5
to match model bias, “D;‘ g
dep. on solar zenith angle . R F
(max. at noon, although max. observed e, U

pressure bias is in afternoon): s /“"';\’/7 N

-0 -0.5 ag 0.5

1.0
el

— temperature profile: radiosonde: linearly increasing to 0.8 K below 500 hPa
aircraft: ~ constant 0.2 K below 500 hPa
— surface pressure: up to -0.8 hPa

Moscow, 6 September 2010 christoph.schraff@dwd.de
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influence of biases on COSMO-DE: pe
bias correction: adjust to T, p, model bias Deutscher Wetterdienst (@
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12-UTC runs: Iargg improvement _0-UTC runs: small improvement

radar obs ;. = —

— _a.” ObS f' ™ ] 016 7360 —=--n i
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consequences Deutscher Wetterdienst
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influence of biases on COSMO-DE: (&

should bias corrections be applied operationally ?

— humidity: desirable: - corrects observation bias, slightly improves forecasts
- less compensating errors for tuning of model (physics)
— option will be introduced in V4_X (autumn)

— temperature, surface pressure: not desirable, model improvement needed

- (accidental) experiment with 80 vertical levels and ‘old PBL’ has shown
improved convective precipitation without introducing temperature bias

— comprehensive testing of new set-up ‘L65’ with 65 vertical levels
and possible additional model modifications:

— re-increased max. turbulent length scale

— 2-moment scheme for rain (better treatment of evaporation of falling precip)
— mass conserving saturation adjustment

— reduced min. diffusion coefficient

— 3rd order vertical diffusion

— (explicit humidity correction in turbulence)

— new reference atmosphere, veget.-dep. albedo, aerosol climatology
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