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Observations Deutscher Wetterdienst

Wetter und Klima aus einer Hand

= Geostationary satellite data: Meteosat-SEVIRI
(Ax ~ 5 km over central Europe, At =15 min)

Source: EUMETSAT

NWCSAF Satellite product: cloud top height

cloud top

retrieval algorithm
height

uses T, q, profile
from NWP model as input

relative
humidity
at cloud
top height

—> cloud top height error
if T model profile
not correct

- use also radiosonde
info where available

cloud
fraction

Height [km]
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Use of cloud top height (CTH) ‘obs’ in LETKF: Deutecher Wetterdienst g
Method for cloud-covered pixels Wetter und Klima aus einer Hand ey

Z [km] if cloud observed with cloud top height CTH .,
1 what is the appropriate type of obs increment ?

= avoid too strong penalizing of members with high humidity

i) il but no cloud (- use RH instead of cloud fraction)

= avoid strong penalizing of members which are dry at CTH

but have a cloud or even only high humidity close to CTH

K : ,
' - search in a vertical range Ah,,, around CTH . for

&i Cloud top@ & ‘best fitting’ model level K, i.e. with minimum ‘distance’ d:

CTH g "k,
— K, d = mkin\/(RHk -RH_)® + Ai(hk -CTH )’
: R
relative humidity =1 height of
model level &
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Use of cloud top height (CTH) ‘obs’ in LETKF: _ g
. Deutscher Wetterdienst
Method for cloud-covered pixels Wetter und Klima aus einer Hand ey
Z [km] if cloud observed with cloud top height CTH,,,
1 what is the appropriate type of obs increment ?

= avoid too strong penalizing of members with high humidity
but no cloud (- use RH instead of cloud fraction)

= avoid strong penalizing of members which are dry at CTH
but have a cloud or even only high humidity close to CTH

model
profile 2

----------------- k . .
CTH mg ' . search in a vertical range Ah,,, around CTH_ for

, 1K a ‘best fitting’ model level k; i.e. with minimum ‘distance’ d:
CTHObS p k3

' K, d = mkin\/(RHk—RHobs)2 + Ai(hk—CTHobs)2

. I R—
relative humidity =1 height of
model level &

(but make sure to choose the top of the detected cloud)
e use Y=CTH_ . , H(X)=h,
!, and y=RH_ =1, H(x)=RH, (overwateriice dep. on T)
RH [%] as 2 separate variables assimilated by LETKF

% annika.schomburg@dwd.de é EUMETSAT



Use of CTH ‘obs’ for cloud-covered pixels : _ g
. Deutscher Wetterdienst
Example for obs / model equivalents Wetter und Klima aus einer Hand ey

,Cloud top height*”

observation model equivalent model equivalent

55N %

45N — :'I

03 04 05 06 07 08 09

17 Nov 2011, 6 UTC
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Use of cloud top height (CTH) ‘obs’ in LETKF: Deutecher Wetterdienst g
MethOd fOl‘ C'OUd‘free pixels Wetter und Klima aus einer Hand u

Z [km] type of obs increment ,
______________ for pixels observed to be cloud-free ?

 assimilate cloud fraction CLC_.=0
separately
for high, medium, low clouds

ACLC i
med | * model equivalent:

maximum CLC within vertical range
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Use of CTH ‘obs’ for cloud-free pixels :

Example

Deutscher Wetterdienst g
Wetter und Klima aus einer Hand N ‘

= COSMO cloud fraction where observations “cloudfree”

Low clouds (oktas)

Mid-level cIouds (oktas)

High clouds (okias)
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Deutscher Wetterdienst

Cycling LETKF data assimilation experiment : g
comparison Wetter und Klima aus einer Hand u

only conventional obs (radiosonde, aircraft, wind profiler, surface)
VS
conventional + cloud data

« LETKF: 40 ensemble members, obs thinning 14 km
« 1-hourly cycling over 21 hours, 13 Nov., 21 UTC — 14 Nov. 2011, 18 UTC
(wintertime low stratus)

55N

10E 15E 5E 10E

E . Im r | N B I
1234567 89101112 1234567 8 9101112 1234567 8 9101112 12345678 9101112
height [km] height [km] height [km] height [km]

0:00 UTC 6:00 UTC 12:00 UTC 17:00 UTC
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Deutscher Wetterdienst

Sensitivity experiment : g
data denSity Wetter und Klima aus einer Hand u

= Comparing experiments with different data density:

« 8 km RH at observed cloud top low cloud cover
e 14 km (cloudy obs) (cloud-free obs)
0.24 | I I 1 T I 1 T | T T I i i | I 1 | i i | Ll I l L] T I L} 1 I L L l Ll L ' T L l L] T
: I Sead hinis "
e 20km K. Shread thing .
0.20 RMSE thin20 |
| RMSE thin14 |
RMSE thing i -
_ 016 | _
E 4
L] i i
g 0.12 N y
8 d l
Q. . -
@ 0.08 - _
0.04 - g
0.00 i i 0.0 | | | | | |
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 2
Hours Hours

= cloudy pixels: best results for a 14 km thinning
cloud-free pixels: no clear conclusion

= lower spread for 8km thinning experiment (small difference in spread betw. 14 / 20km thinning

= ensemble is underdispersive, but no sign of a further reduction of spread during the cycling

9
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Cycling LETKF: comparison ‘only convectional’ _
p . y Deutscher Wetterdienst
versus ‘conventional + cloud obs Wetter und Kiima aus einer Hand N

Time series of first guess errors, averaged over cloudy obs locations

RH (relative humidity)

at observed cloud top
0.550 [ I | I I I I I I I I I | I | I I I I | I ]
- ———-Bias clouds+cofv
———-Bias conv ]
RMSE clouds+epr
RMSE conv

assimilation of conventional obs only L0

assimilation of conventional + cloud obs Ky
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— Cloud assimilation reduces RH (1-hour forecast) errors

o
N
—
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Cycling LETKF: comparison ‘only convectional’

¢ . y Deutscher Wetterdienst %
versus ‘conventional + cloud obs Wetter und Kiima aus einer Hand s

Total cloud cover of first guess fields after 20 ho urs of cycling

satellite obs conventional only

55N —

50N

Satellite cloud top
height

conventional + cloud

5E 10E 15E
0 02 04 06 08 1 12 Nov 2011
17:00 UTC
3 45 6-7 8 9 101112
height [km]
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Cycling LETKF: comparison ‘only convectional’
versus ‘conventional + cloud obs’

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

6

time series of first guess errors, averaged over cloud-free

(errors are due to false alarm cloud)

mean square error of cloud fraction [octas]

obs locations

21 | | I I I I I | |/t I | I I I I I I I I l
I / CLCH clouds+Cpnv
18 \ CLCH conv
r / \ ------- CLCM clouds+cpnv
[ CLCM conv
BT / g, CLCL clouds+cgnv
o Vg CLCLconv
12 |- -
o J
6 - }\x —
3 L 1 1 - false alarm clouds
F _ == I reduced through
i il L [ o i PO cloud assimilation
o 3 6 9 12 15 18 21
Hours
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Deutscher Wetterdienst

Cycling LETKF: comparison ‘only convectional’ g
versus ‘conventional + cloud obs’  wetterundkiimaaus einer Hand Nesy

‘false alarm’
cloud cover
(after 20 hrs cycling)

| low clloudsl rpid,—le\(,eJ, clquds y hlgh Iqlpjujdlsj |

55N —

conventional

50N —

obs only
45N —

- Fm

R 55N
[octa] >
conventional 50N -

+ cloud
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Comparison of free deterministic forecast
(after 12 hrs DA):

ti me Series Of errors Wetter und Klima aus einer Hand

Deutscher Wetterdienst

[GE

(forecast starts 14 Nov., 9 UTC)
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RH at observed cloud top
averaged over cloud-covered obs
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= The forecast of cloud characteristics can be improved through the assimilation
of the cloud information

e
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Verification of free deterministic forecast

against independent observations

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

6

Errors for SEVIRI infrared brightness temperatures

(model values computed with RTTOV)
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- RMSE is smaller for first 16 hours of forecast for cloud experiment, bias varies
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Verification of 9-h forecast against indep. obs:
SEVIRI brightness temperature

Deutscher Wetterdienst %
Wetter und Klima aus einer Hand N ‘
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experiment =- e - experiment
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18 UTC I o i Cloud top height
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TSAT
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Conclusions Deutscher Wetterdienst g
N/

Wetter und Klima aus einer Hand

Use of (SEVIRI-based) cloud observations in LETKEF:

e Tends to introduce humidity / cloud where it should
e Tends to reduce ‘false-alarm’ clouds

 Improvement on cloud characteristics in free forecast for a stable
wintertime high-pressure systems

* May also be useful for convective situations
» If convective clouds are captured better while developing, convective
precipitation may be improved -> needs to be tested

17
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Wetter und Klima aus einer Hand

Next steps Deutscher Wetterdienst g
. :

» Evaluate other variables and other cases, longer time series

e Application in project EWeLINE: Improving the forecast for
renewable energy sector (clouds particularly important for
photovoltaic power production) EWeliNES~%

« Also work on direct SEVIRI radiance assimilation
(together with Africa Perianez, Robin Faulwetter)

Thank you for your attention!
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Deutscher Wetterdienst
Wetter und Klima aus einer Hand N ‘
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Local Ensemble Transform Kalman Filter  jeutscher Wetterdienst E

\\ Backgr'ound error correlations T

Z(Xb(l) X )(Xb(l) X)

(k D

Additional: one deterministic run:

R

Observation errors

Analysis perturbations: linear

combination of background
= perturbations

LETKF

_-Kalman gain matrix from LETKF

X:et = Xkd)et -ll(K)yo - H (Xtc)iet))




