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Assimilation of radar data in NWP at DWD

Operational:

» Latent Heat Nudging (LHN, uses 2D radar derived precipitation rates)
[ K. Stephan et al., QJRMS 2008 ]

In development:
» Assimilation of reflectivities within the COSMO-KENDA system:
» Theresa Bick [ T. Bick et al., QIRMS 2016 ]
> Alberto de Lozar, Axel Seifert, Christian Welzbacher, Ulrich Blahalk, ...

» Assimilation of radial winds within the COSMO-KENDA system
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3D volume radar data Wettor and Klima a0 snet and E

Rad ar networ k Of DWD: Radarverbund des Deutschen Wetterdienstes Deutscher Wetterdienst E

» 17 polarimetric Doppler C-Band radar
systems

> Reflectivities and Radial Winds
» Temporal resolution:

5 minutes
» Spatial resolution:
1°x 1 km

10 elevations (between 0.5° and 25°)
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» Superobing for each elevation and radar station.
» Average over each wedge.

2D PPI grid
Superobing SN NENREanoRSsST coEennonOnURRAUHEE
grid 2 /:“m&\\ S ooy
. LA AR [T ©




Superobing of radar data S erdienst g
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Without superobing With superobing (here 10 km)

Radial velocity, obs 1, time: 0, elevation: 0.5, status: - Radial velocity, obs 1, time: 0, elevation: 0.5, status: -
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Why superobing?

» Technical issues ( less memory, less time, ...)

> Spatial resolution of superobing data should be coarser or equal to the
effective resolution of the model.

» A too large number of high resolution data might result in an imbalance
between this data and conventional observations with regard to the
influence in the data assimilation process.

» The data assimilation system (LETKF) does not yet account for correlations
of observation errors.
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» Regional model:
COSMO-DE (V5.04d; 2.8 km horizontal grid resolution)

» Data assimilation system:
KENDA (Kilometer-scale ENsemble Data Assimilation)
[C. Schraff et al., QJIRMS 2016 ]

» Radar Observation Operator:
EMVORADO (Efficient Modular VOlume scanning RADar Operator)
[ Y. Zeng et al.,, QIRMS 2016 ]




KENDA-LETKEF:
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KENDA: 4D-LETKF + LHN (latent heat nudging for assimilation of radar precip)

ensemble
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QC: obs - first guess statistics
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mean(ofg) of Radial Velocity , station 10169 , elev 0.5, state 1

ExprlD: 201606_4

Start. 2016052600

End: 2016061000

» Signature of
: ~AN
ships .
2
-
.
=3
3
e
Ll
o
.
<
2
Radar Rostock 4
(=l
2 A [
v [1
»
o b
5 |
;
T T T T T
-1500 100 -50 0 50
v Cangeland = :
’ m '. i Sakskobing , >
P
~ . e oo Wsboo ’ & s
= Lolland # 3 &
Varggeriose
s = - 0 Redby by & CJ
\ <= @ Nygted v v
3 bions
» g - = A4 “, 1Y 4 P - S A 85 Breed
< = T 2 :
o4 * ﬂa @: Yov # o Ge‘: = 4 -~ Z nm‘&' -
g - 1] Y & o X v . 4 W
td = e\“u B, > -4 £ o= -‘-‘7‘
= LY Fohmarn v
< - TN 7 *x x 5'4 0'0 PO e .
E 3 'y 3 e P s Ll
Pe Schonberg = A - & ) 4 P 4 = A
a &‘4[51 Ahrenshoop, Bf\n
L) “« T W A Kramertiof Riige
o - -
Hohwacht 4 4
297" Oldenburg ,,. > = Saal Stralstgd- o o
nental in Holstein = s # [} A 2
- ) Ribnitz-Damgarten -
» Dahme oo ) _e «
Kellenhygen b 'r :’_ = o cm
P Malente v _ AL ROvershagen 105
¥ Eutn Gromiz L V24 - #KGhiungsborn Marlow 154
j Neoad:m Revik Bad Doborans - S comisch Grimmen Neuenks
S, ™, RosWck Tribsees oreif
v - Y Kropelin - i
> v Neubukow & (70 ]
1] " o Tessin
r‘mqu’qfkv b “ Peal 5 20}
Stran Boltenhaggne i‘ atow N 5
d Segeberg N & S - Schwsan
1 Laage Jarmen
Badscfgm iy 165 Willhar © Dargun Demmin
Lufeck 14 Grevesmuhlen A
o 4 o Mecklenburg Bitzow
T - Gustrow €
-~ v Bad Kieinen Teterow -
am - >
["—‘—I—M o7 https://www.marinetraffic.com Broel 104 Melchiy M 4ats201

[

100 150

50

-100 -50

-150

100 150

50

-100  -50

-150

sd(ofg) of Radial Velocity , station 10169 , elev 0.5, state 1

Exp-ID: 201606 4

Start: 2016052600

End: 2016061000

sd(ofg) of Radial Velocity , station 10169 , elev 3.5, state 1
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Estimation of Radial Velocity errors, state 1
Exp-1D: 201606_4 Start: 2016052600 End: 2016061000

» Estimating the observation error
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Experiments erter o Kima o cnar ond E

» Period: 26.05.2016 to 30.06.2016
(Severe convective events)

» Analysis updates: hourly

» Forecast every 6 hours (0, 6, 12, 18 UTC)

From previous experiments:

» ,Temporal thinning:“
Only radial winds from scans every hour
(i.e. at analysis time)

» Use of lower elevations only

(source: http:/Istrangesounds.org)
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Setup for the experiments is close to the operational KENDA setup at DWD.

» Reference: 201606_modeS ref » Experiment: 201606 _modeS el124

- Latent heat nudging (LHN) - Additionally assimilation of radial
wind data from elevations 0.5°,
1.5° und 3.5°, only from hourly
radar scans.

« Assimilation of conventional
observations (SYNOP, TEMP,
AIREP, PILOT)

« Assimilation of modeS data
(operationally used since October
2017)
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Comparison of precipitation in forecast with radar observations (here threshold 5.0 mm/h)

exp_201606_modeS_ref EB_det 2016052912+06h exp_201606_mocdeS_el1Z24 EB_det_2016052912+06h
Precip>5.0 mm/h Precip>5.0 mm/h
G \ .:* ; ke P ; :_ T e

" " U 1E 26 3E 4 sE

Radar: mean: 0.267 mm/h max; 46,36 mm/h
Madel; mean: 9.338 mm/h max: 5312 mm/h Radar: mean: 9.267 mm/h max; 46,36 mm/h
missed (block): 3927 false (red): 3331 hita {green): 537 Model; mean: 0,345 mm/h max: 73.33 mm/h
ETS: 0.054 FAI: 0.866 missed (block): 3605 false (red): 3079 hits {green): 859
ETS: 0.09% FBI: 0,882
ETS: 0.054 black: missed (obs. yes, model no) ETS: 0.099
) red: false alarms (obs. no, model yes) )
FBI: 0.866 green: hits (obs. yes, model yes) FBI: 0.882
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Verification of precipitation
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O UTC - Forecasts

Fractions Skill Score det 00 20160527-20160630 035

06 UTC - Forecasts

0.B-

El. 0.5,
Refere

Experime
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1.5,3.5

Fractions Skill Score det 06 20160526-20160629 035
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0 5 10 hour 1l5 20 25 0 5 1IU hour 15 EID 2I5
: : Slight positive impact in 06 UTC forecasts,
FSS: Fraction skill score (perfect: 1) :
Threshold: 0.1, 1.0 und 5.0 mm/h neutral in 0, 12 and 18 UTC forecasts.
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Evaluation: Cycling
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Evaluation: Forecasts

» Upper air verification with radio

sondes

» Experiments with radial winds from el.

0.5, 1.5, 3.5 versus reference
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» The assimilation of radial winds in the KENDA+LHN system at DWD shows
positive impact and is going towards operational use.

» Temporal thinning of radial wind data is currently useful.

» Data of different elevations show different behaviour in observation error
statistics: Choose subset of elevations.

» Only slight positive impact in the precipitation verification; Comparison to
experiments without modeS data show that the impact of modeS data on
precipitation has been very positive in May/June 2016 and can hardly be
outperformed by the radial winds.

» Positive impact in the wind variables of the upper air verification, especially in
the first forecast hours.

» Evaluation of winter experiments.

» Challenge: Check the radial wind data quality; use parameters depending on
elevation, range, ...
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Thank you for your attention!

Contact: Elisabeth Bauernschubert, Deutscher Wetterdienst, Offenbach, Germany
elisabeth.bauernschubert@dwd.de
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