Regional Cooperation for
Limited Area Modeling in Central Europe

nwp central europe

LAM-EPS activities in LACE

I Clemens Wastl with contributions of LACE partners
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Operational status

ZLACE
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A-LAEF C-LAEF AROME-EPS
cMmC ALARO AROME AROME
Code version cy40tl cy43t2 cy43t2
Horizontal resolution 4.8 km 2.5 km 2.5 km
Vertical levels 60 90 60
Runs per day 2 8 8

Forecast length

+72h (00/12 UTC)

+60h (00/12 UTC)

+48h (00/12 UTC)

Members

16+1

16+1

10+1

Assimilation cycle

yes (12h)

yes (3h)

yes (3h)

Coupling

ECMWE ENS (6h)

ECMWEF ENS (1h)

ECMWF ENS (752

IC perturbation

ESDA [surface], spectral
blending/DFI [upper-air]

ESDA [surface], EDA,
Ensemble-JK [upper-air]

EDA

Model perturbation

ALARO-1 multi-physics +
surface stochastic physics
(SPPT)

Parameter perturbations
(SPP)

LBC perturbation

ECMWEF ENS (c903)

ECMWEF ENS (c903)
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Upgrade of ECMWF X LACE
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A Upgrade of ECMWF-ENS and impact on LACE EPSs

Switch of IFS/ENS to cy48rl and increase of spatial resolution of ECMWF-ENS from O640 to 01280
on June 27

Impact on LACE since A-LAEF, C-LAEF and AROME-EPS are coupled with ECMWF-ENS

Several versions of coupling files (horizontal resolution, number of vertical levels, with/without
hydrometeors, etc.) have been tested by LACE

Finally we ended up with a setup of 8.5km horizontal resolution and 105L in the vertical which entered
the common coupling file production at ECMWF

Parallel suites to test the impact of the new coupling files on the LACE EPSs (A-LAEF, C-LAEF and
AROME-EPS)

Small impact, not statistically significant
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Upgrade of ECMWF X LACE
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cy47r3 (oper)

I‘-LAEH KUMULZRAZXY [mn] (ans,PRIEMER) + VIETOR a TLAK (kontrol.beh) TA-LAEF] KUMULZRAZXY (] (ans,ROZPTYL) + VIETOR a TLAK lblM beh)
beh: 05062023 00 UTC +72 | na: 06/06'2023 00 UTC | MAX« 63.26 Deh: 05062023 00 UTC 472 | na: 06/06'2023 00 UTC | MAX.

cy48r1 (e-suite)

TA-LAEF] KUMULZRAZXY [rm] (ans,PRIEMER) + VIETOR a TLAK (kontrol. beh) IA-LAEF] KUMULZRAZXY [men] (ans,ROZPTYL) + VIETOR o TLAK (konarol beh)
beh: 05062023 00 UTC +72 | na: 08/06'2023 00 UTC | MAXs 67.96 beh: 05062023 00 UTC +72 | na: 06062022 00 UTC | MAXs 47.13

JA-LAEF] KUMUL ZRAZXY [rmwm] (ans. MINIMUM) + VIETOR a TLAK [kontrol bet)
beh; 05062023 00 UTC +72 | ne: 08/06/2023 00 UTC | MAX= 42.88

[A-LAEF] KUMUL ZRAZKY [mm] [ans MAXIMUM) + VIETOR a TLAK (kontrol beh|
beby; 0506/2023 00 UTC +72 | na: 08/06/2023 WUTC | MAX= 169.05

(A-LAEF] KUMUL ZRAZXY (] (ans. MINIMUM) + VIETOR 3 TLAK (kontrol beh)
beh; 05062023 00 UTC +72 | na: 06/06'2023 00 UTC | MAX= 42,61

[A-LAEF] KUMUL ZRAZKY [mm] (ans. MAXIMUM) + VIETOR a TLAK (kontrol beh|
beh; 05062023 00 UTC +72 | na: 08/06/2023 00 UTC | MAX= 215,51
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24h accumulated precipitation of A-LAEF (EPS mean, spread, min, max +24h) coupled with ECMWF-ENS cy47r3 (left) and
cy48rl (right) for a test case on 5 June 2023.
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Case studies ZLACE
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A Flood in Italy, May 2023

[A-LAEF] TOTAL PRECIPITATION [mm] (MEAR [A-LAEF] TOTAL PRECIPITATION [mm] (SPREAD)
run: 16/05/2023 00 UTC +30 | val: 17/05/2023 06 UTC MAX= 177.07 run: 16/05/2023 00 UTC +30 | val: 17/05/2023 06 UTC | MAX= 42.43
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- m~mz~w.?@“ SVl - Several severe weather events in 2023
F T A .,ﬁ‘ R ST L
& Lol . (snowfall, storm, floods)
3 . 200 2 il

" - A-LAEF showed benefit of a LAM ensemble

Ry system (good performance)

- For example: Extreme flood event in Emilia-

0

Romagna (IT) with several casualties in May
= - \Well predicted in A-LAEF
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[A-LAEF] TOTAL PRECIPITATION [mm] (MIN)

run: 16/05/2023 00 UTC +30
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* 24h accumulated precipitation from 06 UTC on 16 May
« t0 06 UTC on 17 May 2023. Ensemble mean (upper

. left), ensemble spread (upper right), ensemble

= minimum (lower left) and maximum (lower right) based
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Case studies ZLACE
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; average
A Flood in ltaly, May 2023 T+24h clister | /2] M
1 185.7 | microphysics and deep convection
s T e e Y s s ¥ ot s T e s e 2 | 1837 jturbulence
P s T A P FiSAE S, R s ot AT TR 3 157.6 turbulence, microphysics and deep convection
F— p === 4 176.9  ALARO-1 reference

IFS HRES 48r1 [
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Much higher precipitation amounts

in Italy and Croatia in the LAMs
compared to ECMWF
-  ECMWEF high resolution

| 24h precipitation. Valid on 17 May 2023 00 UTC
) Forecast at T+24h

2T e 4 T experiments with convection
[ ALARO (ENS max) 48k |- SRR parametrization
’ e e - High precipitation amounts in A-

LAEF EPS seem to be related to
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C-LAEF 1k ZLACE
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A Upgrade of C-LAEF to 1km

Strong effort in Austria on upgrading C-LAEF to 1km (plan: operationalization end of 2024)

Extensive testing of deterministic 1km AROME runs in 2022 (SP, optimizations, 1/O server, etc.)

Set up of full C-LAEF 1k suite in May 2023 i running continously since then

Cy46t1, I/O server, long 00 UTC run (+60), 3h assimilation cycle, SPP perturbations

Additional control member using EnVar for testing (51 members)

High amount of computing resources on ATOS needed for the 1km Esuite (1.4 Mio SBUs per day)
Since end of June the grib-files are shared with Slovenian colleagues

The performance of C-LAEF 1k is monitored objectively calculating verification scores at 250 stations

over various periods and for case studies

-y
» 8 9L Geosphere Z o000

. ARSOD METEQ
SHML) N Suvenis
7= Austria DHMZ Institute )




C-LAEF 1k ZLACE
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A Upgrade of C-LAEF to 1km

- Verification of C-LAEF 1k Esuite
shows satisfying results

- For most parameters and most
leadtimes the scores for the 1km .~ -
version are comparable or even === T ———

better than for the current M

operational C-LAEF suite

Mean BIAS (upper left) and CRPS (upper
right) of 2m temperature; CRPS of 10m wind
speed (lower left) and 3h accumulated
precipitation (lower right) of C-LAEF OPER i 0 S O S
(green) and C-LAEF 1k (orange) for the e < =
period July and August 2023.

CRPS
CRPS
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C-LAEF 1k ZLACE
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([ecmwf 2023-08-03 00 (6)
® .

BIAS: -36.695 (16)
MAE: 43.595 (17)
RMSE: 63.739 (17)

southern Austria and

Roearson: 0.408 (17)
Dso: 78.0 km (12)

Slovenia in August

- Good performance
of AROME/C-LAEF
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(claeflk-control 2023-08-03 00 (5) - — Iocallzatlon)

A

(arome 2023-08-03 00 (9)}—
BIAS: -15.024 (6) - “
MAE: 26.104 (4) »
RMSE

BIAS: -19.842 (10}
MAE: 25423 {2)
RMSE: 39.317 (3}

- Underestimation in
ECMWEF

Rosarsen: 0.817 (11
Dua: 1232 km (18)

Dyo: 1242 km (19)
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28988883888 28898235338 different models.
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Flow dependent perturbations S LACE
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A Development of flow-dependent parameter perturbations in C-LAEF
- SPPis purely stochastic i no consideration of weather/flow situation
- Development of intelligent/flow dependent perturbation scheme

- Adaptation of stochastic patterns by flow dependent weights

Impact of the cloudiness to the stochastic
perturbation field of microphysics parameters in
SPP. Upper left: SPP without flow dependency,
upper right: SPP with flow dependency, lower
panel: difference.
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