On the operational use of %
KENDA at DWD Deutscher Wetterdienst Nw

Christoph Schraff
Hendrik Reich, Andreas Rhodin, Roland Potthast, Klaus Stephan

Deutscher Wetterdienst, Offenbach, Germany

KENDA: Km-scale ENsemble Data Assimilation

COSMO-DE: Ax = 2.8 km

— Local Ensemble Transform Kalman Filter (LETKF)
(Hunt et al. 2007, Physica D)

operational since 21 March 2017 for deterministic + EPS forecasts

this talk:
changes in 2017: - 5 July: limiter to soil moisture perturbati -A-
- 8 Feb.: additive covariance inflation
- 4 Oct.: Mode-S aircraft observations — wintertime low
stratus

+ first guess check thresholds
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KENDA at DWD: operational setup
(— Schraff et al. 2016, QJRMS) Deutscher Wetterdienst Nwsfy

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

i

LETKF: operationally

~ —{cosmo COSMO conventional obs only
with LHN with LHN (TEMP, AMDAR, SYNOP,
[ T T 1 . @ Wind Profiler)
—_[cosmo COSMO
SEEmlElD =
(40 mem.) — [cosmo COSMO
with LHN with LHN

%
:

K — K: Kalman Gain
. —COSMO CcCOsSMO
with LHN with LHN for ensemble mean

;
%

deterministic — COSMO
(unperturbed) with LHN with LHN
— 1 hour —> — 1 hour —>

operational settings:

adaptive horizontal localisation (keep # obs constant, 50 km < s = std dev < 100 km)
adaptive mutliplicative covariance inflation (obs-f.g. statistics) + RTPP (a,=0.75)
additive covariance inflation (since Feb. 2017)

explicit soil moisture perturbations
lateral BC: from ICON-EnVar/LETKF (Ax =20 km /6.5 km for ensemble / deterministic run)
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KENDA vs. former operational systems

Deutscher Wetterdienst E /|

: o . . , . COSMO-DE: Ax = 2.8 km
* KENDA (with additive inflation) vs. old operational nudging S

- deterministic forecasts:

v’ positive for convective precipitation in summer
v’ positive for 2-m temperature .
- neutral & negative periods for low stratus in winter |

- EPS (20 members, with lateral BC from ICON-EPS, Lt 2
vs. old approach with IC / BC perturbations based on 4 global models):

v'very positive  (in summer & winter, for precip, wind gusts, ...)

— operational introduction of KENDA: 21 March 2017

* but: pending issue at that time
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effect of soil moisture perturbations (SMP) Deutscher Wetterdienst
N—

cloudless summer day, noon
(24 Aug. 2016)

AT2M betw. 2 ens. members
CH \ Vi
/{

10

5 standard soil moisture perturb.:

— T2m differences between
0 ensemble members
unrealistically large
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description of soil moisture perturbations _ %
Deutscher Wetterdienst Nwsfy

* adding explicit random soil moisture perturbations

(with prescribed horizontal (100 km, 10 km)
and temporal (1 day) correlation scales
and variance (0.72 SMI/day))

— accumulate over days,
saturate eventually at domain average ~ 20 — 25 % SMI

(soil moisture index SMI: 0 at plant wilting point, 1 at field capacity: a kind of relative humidity)

* moadification: no further explicit SM perturbations added
where spread(SMI) > 15 %

—  “soft limiter” for SMP
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soft limiter of soil moisture perturbations:
impact on a sunny day (23 June 2016)

Deutscher Wetterdienst N>/

spread of soil level 5: 27 — 81 cm
soil moisture index 20— V-
(14 UTC)

original

with SMP limiter

v' soft limiter: SMI spread
limited to ~ 0.15 SMI

0.5

0.4

— 0.3

— 0.2

0.1

0.0

— 2-m temperature spread
reduced reasonably
selectively?

— impact on forecast errors
not negative?
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soft limiter of soil moisture perturbations:
impact on spread in a sunny day (23 June 2016) Deutscher Wetterdienst N

Meteosat (12 UTC)

3.0

spread of afternoon (14 UTC)
2-m temperature i—

original

iy, B

B7.5

with SMP limiter

62,5

35

v' T_2M spread
decreased mostly
in sunny areas
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impact of SMP limiter on scores, EPS:
radiosonde verification

(1 — 25 June 2017)

Deutscher Wetterdienst N>/
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impact of soft limiter of SM perturbations: %
(June 2016, June 2017) Deutscher Wetterdienst Nwsfy

104
Y
forecast quality / errors: mm—PPTPPTTIT]ITTTTITTT ] | b
101 reduction [%] of CRPS for ps =
v deterministic forecasts: neutral T8 6 4 2 15 18 21 o

lead time [h]

v' EPS: slightly reduced errors (upper-air T, surface pressure ),
slightly improved precip

> hypothesis: due to using of additive covariance inflation (since Feb. 2017),
reduction of soil moisture perturbations is even beneficial

— soft limiter to soil moisture perturbations operational since 5 July 2017
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(radiative) low stratus: _
Deutscher Wetterdienst Nwsfy

* first test for December 2016  (with low stratus periods: 03 — 08 Dec,
15 - 21 Dec,
29 Dec — 02 Jan)

KENDA much worse than nudging !

— additive covariance inflation:

- additional random perturbations in all LETKF analysis ensemble members,
based on climatological forecast error covariances from global EnVar for ICON

- purpose: account for model errors in a better way

—  increases ensemble spread
notably where it underestimates uncertainty of first guess
in the presence of systematic errors (— e.g. for low stratus)

—  increases weight of observations in analysis
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winter experiment on additive inflation:
radiative low stratus Deutscher Wetterdienst Nwé)

KENDA w/o addit. infl. with additive inflation

WS

5 Dec 2016, SR e *‘5"&5:;
12utc +0h VRS el %

5 Dec 2016,
Outc +12h
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winter experiment on additive inflation: %
vertical profiles, 50°/10°, 5 Dec. 2016, 12 UTC Deutscher Wetterdienst Nej

operational nudgi:\; KENDA w/o addit. infl. with additive inflation
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Summary on additive inflation _
Deutscher Wetterdienst Nwsfy

* additive inflation:

- winter: large positive impact on low stratus + 2-m temperature bias
very positive for EPS

- summer (convective period) :

~ neutral impact ‘51 P
(possibly due to larger effect of soil moisture perturbations in sumer)

— introduced in KENDA parallel suite on 8 Feb.
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Mode-S EHS (Enhanced Surveillance)
aircraft data Deutscher Wetterdienst Nw

Mode-S aircraft

*derived from radar data from air-traffic control,
processed + provided by KNMI AMDAR 100
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Mode-S aircraft:
winter test (Dec. 2016), verification Deutscher Wetterdienst Nwj

radiosonde surface verification

2257 Vgjfjcation .|| RH2M | ps
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change in RMSE [%] _ P )
averaged over 6, 12-, 18-, 24-h forecasts v Dec. 2016: positive impact (precip neutral)
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Mode-S aircraft: radiative low stratus in winter

low-level cloud (vs. NWC-SAF) Deutscher Wetterdienst Nwj
REF Mode-S

exp_8000.04 HR_det 2016123012+06h exp_8000.05 HR_det 2016123012+06h
¢lel ¢lel

5E 5w
correct cloudy / / missed events / false alarms / undefined (observed higher cloud)
missed (hlack): 21309 false (red) 12850 hits (green): 27447 unclear (blue): 18832  missed (block): 19905 falze {red): 12150 hits (gresn): 28551 unclear (klus): 18832
ETS: 0.321 FBIl: 0825 ETS: 0.35Z FBIl: 0.840
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Mode-S aircraft: radiative low stratus in winter

low-level cloud (vs. NWC-SAF)

Deutscher Wetterdienst N>/

REF Mode-S
exp_8000.04 HR_det 2016123012+ 18h exp_8000.05 HR det 2016123012+18h
clel clcl

correct cloudy /

/ missed events / false alarms / undefined (observed higher cloud)

missed (hlack): 19956 false (red): 19707 hits (gresn): 52652 unclear (blug): 8240 misaed (black): 17496 false (redy 19457 hita [gresn): 55118 unclear (hlue): 240

ETS: 0380 FBI: 0.9%6

ETS: 0.412 FBI: 1.027
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Mode-S aircraft: radiative low stratus in winter

low-level cloud (vs. NWC-SAF) Deutscher Wetterdienst Nwé)
REF Mode-S
exp_8000.04_HR_det 2016122912+06h exp_8000.05 HR_det 2016122912+06h

clcl clcl

better %,

W'
ACSNR- L . A5 S
2E 3E 4E 2E 3E 4E
correct cloudy / / missed events / false alarms / undefined (observed higher cloud)
missed (black): 14148 falze (redy 18256 hita (green): 24156 unclear (bluel: 10744 missed (black): 14479 false (red): 16065 hita (gresn): 23575 unclear (blue): 10744
ETS: 0.320 FBl: 1.107 ETS: 0,337 FBI: 1.042
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Mode-S aircraft: radiative low stratus in winter

low-level cloud (vs. NWC-SAF) Deutscher Wetterdienst Nwj
REF Mode-S
exp_8000.04 HR_ det 2016122918+06h exp_B8000.05 HR det 2016122918+06h
¢lel ¢lel

3E 4E aE
correct cloudy / / missed events / false alarms / undefined (observed higher cloud)
missed (black): 14337 falze (redy 18040 hita (green): 14081 unclear (blue): 14042 missed (block): 13105 falze {red) 171372 hits (gresn): 15313 unclear (hlue): 14042
ETS: 0.217 FBI: 1.130 ETS: 0.252 FBI: 1.1
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Mode-S aircraft: radiative low stratus in winter
low-level cloud (vs. NWC-SAF) Deutscher Wetterdienst Nwé)

¥ — radiosonde locations,
where humidity obs
at cloud top
are rejected
with Mode-S
(T obs are rejected
in both exp.)

analyses for
20 Dec., 18 UTC

reason: with Mode-S
-slightly larger o — f.g. (RH)
-slightly smaller spread

oW 4 W
Satellite: Satellite:

Medal: Medal:
miased (bluck]: 25078 false (recy 21965 hits (gresn): 8011 unclear (blue)t 3 miased (blask): 28577 false {recy 19405 nits [green); 77412 unclear (blue): 3
ETS: 0.185 FBI: 0.870 ETS: 0.200 FBI: 0.613

12-h forecasts for
21 Dec., 06 UTC

— 1 dramatically
degraded forecast

iul;\lﬁte: iui;\lﬂte:
m‘\aae‘d (bluck): 19809 false {red): 18694 hita (gresn): G2042 uncleor (blug): 4 m‘\ase‘d (black): 29995 falze {red): 17831 hits (green): 51856 unclear (blus): 4
ETS: 0.323 FBI: 0,586 ETS: 0.22% FBI: 0.851
correct cloudy / | missed events / false alarms / undefined
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Impact of Mode-S aircraft:
summary Deutscher Wetterdienst Nwsfy

v" impact of Mode-S depends on weather situation:
from very slightly to 26 May — 10 June 2016

clearly positive for
- (radiative) low stratus
- convective precipitation in summer —

FSS 1-h precip (30 km, 1 mmih)
0-UTC runs

o o
E o
T

FSS (precip 1 mm/h, 30 km)
=
w

— Mode-S operational 4 October 2017

<
(N}

5 10 15 20
lead time [h]
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Quality control:

Revision of first guess check thresholds Deutscher Wetterdienst Nw
first guess check: reject obs T, if: |T0 — ng| > ATipresh

(here: for temperature) up to 12K < 4K
threshold: ATinresn = f-std{T, —Trg} = f -JGOZ + G g5 2 f =3

S 4K <1K =1K
l

— strong inversions with wintertime low stratus: ensemble spread considers only

many correct obs rejected random errors (as intended)

strong systematic error: not accounted for

2
- 1
revision: ATthreshn = [~ :;td{T0 = ng} = [ |6y + Opps? + (7- Sim,)
Einy = 0.8 ATjnp (within 25 hPa; tapering above 800 hPa, ....)
AT,,, : inversion observed by radiosonde

... similar revision for humidity threshold
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Revised first guess check thresholds:

winter test, low-level cloud (low stratus) Deutscher Wetterdienst Nwé)

Dec. 2016 ) REF Mode-S revised f.g. check

analyses for
20 Dec., 18 UTC

SN AW 3w

Satsllites Satellite: Satellite:

Medal: Medal: Medal:

miased (black]: 25078 false (red): 21965 hite (green): BOZ1T unclear (bluelt 3 miased (blask): 28577 false {rec) 19405 nits [green); 77412 unclear (blue): 3 missed (bluck): 25843 false {red) 22286 hits (gresn): 80148 unclear (bluel: 3
ETS: 0.195 FBI: 0.870

ETs: 0.200 FBI: 0.813 ETS: 0.185 FBI: 0.966

12-h forecasts for
21 Dec., 06 UTC

Satellite: Satellite: Satellite:
Model: Model:

Model:

missed (black): 19809 false (red): 18694 hits (green): 62042 unclear (blue): 4 rmiased (blask): 29995 false {rsc}: 17831 hits (gresn): 51855 uncleor (blue): 4 riased (blask): 17401 false {rec}: 19843 hits (gresn): 64450 uncleor (blue): 4
ETS: 0.323 FBI: 0,586

ETS: 0.22% FBI: 0.851 ETS: 0.33% FBI: 1.027
correct cloudy / | missed events / false alarms / undefined
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Revised first guess check thresholds:
winter test

Deutscher Wetterdienst N>/

Revised first guess check thresholds:
v'positive impact on low stratus
v'slightly positive for T2M, RH2M
v'to be tested further

change in RMSE [9%6]

.
72
-10
" RH2M
°
| e e I DO OO S N N OO v s e SO S S e e e, S |
P
o
I
10{E
; T2M

-10

14 — 31 Dec. 2016

low cloud cover

10

(oct)

T2M (K)

0 3 6 9 12 15 18 2 24
lead-time [h]
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Summary _
Deutscher Wetterdienst N>/

important for low stratus
(presence of strong systematic errors):

v’ additive covariance inflation
v’ additional data: Mode-S

v'adjust quality control (for radiosondes)
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Ongoing R & D with KENDA (@ DwWD, LMU, COSMO, ...) %
on extended use of obs + other aspects Deutscher Wetterdienst Nwj

Observations talks
- 3D radar reflectivity: direct assimilation (de Lozar ..., GastalcLacl)l;fe(riefterday)
or objects (Welzbacher ...) posters ||

3D radar radial velocity (Bauernschubert ...)

GPS slant total delay (Bender ...)

Cloud-affected / all-sky SEVIRI IR/WV radiances (Hutt ..., Schrattle ...)
SEVIRI VIS radiances  (Scheck ..., Bach ...)

Raman lidar (Leuenberger ...)

Satellite soil moisture information (Ferrante ...)

Land surface temperature (Sgoff ...)

KENDA towards nowcasting

SINFONY: seamless prediction for very short-range forecasting (Blahak ...)
Ultra Rapid DA (Paschalidi ...)

Other aspects

Additive covariance inflation (Leuenberger ...)

Representation of model error (Zeng ...)

Observation impact  (Necker ...)

Parameter estimation (done with KENDA in the future) (Ruckstuhl ...)
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Deutscher Wetterdienst N>/
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