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. WG EPS - ongoing work

= implementation, tuning and testing of SPP in ICON (DWD)
o task of GLORI, focus on Alpine domain

= perturbation of soil temperature (IMGW)

= study of the excessive ensemble spread for precipitation (MeteoSwiss)
o (an ensemble of headaches)

= ensemble for Nowcasting (IMS)

= transition to ICON-LEPS
o verification to be performed

o once the transition is completed, activate also model perturbation
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_SPP in ICON
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G ‘% i) R I Deutscher Wetterdienst %
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GLObal to Regional | ICON Digitel Twin Wetter und Klima aus einer Hand R ‘

Implementation of the SPP scheme
in ICON and first results

Zahra Parsakhoo, Chiara Marsigli, Christoph Gebharadt

With special thanks to Axel Seifert and Daniel Reinert
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SPP in ICON "I?m?a.ﬁml

CPP vs. SPP: Key Differences oriiine e E

[Classmal paramsterperurkalian } [Stochastic parameter perturbation(SPP): ]

(CPP)
o W

[Each LnEeraln parameleris sekip 1 Each uncertain parameter is perturbed by

« default or 5
» _boundary value of the range Stochastic Pattern

- Temporally evolving via spectral space
- Spatial and temporal correlations
—Some certain properties

[ The value is kept fix during the run ]

¥

[ ~18 parameters ]

Length scale
Seed different for each: Time scale

* parameter Variance

* ensemble member Mode

* initialization date
* initialization time

J
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SPG implementation in ICON ?,f:.‘,ii'.:z'.:!‘::f:iii“.::g

Stochastic Pattern Generator
(SPQG)

. <

By Axel Seifert and Maleen Hanst

Deterministic forecast
Coupled with microphysics perturbed = unperturbed x exp(SPG)
(. Sensitivity tests on SPG variance: =<0.4 model is numerically stable
S
)

« Test for ICON-LAM: real case study on 21.06.22 coupled to 2mom microphysic
- For perturbing sedimentation velocity of graupel

* Further development for EPS
» Coupled to convection = rdepths (Maximum allowed shallow convection depth

Coupled to land - cr_bsmin (Minimum bare soil evapotranspiration resistance)j
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SPP in ICON
SPP in ICON : Technical & Theoretical Test Lo iy E
To evaluate

stochastic patterns and
« parameter behavior before and after SPP
(both from a technical and theoretical perspective).

@ )

SPG properties (namelist):

spg_fourier_modes = .true.
spg_length_scale = 50e3 [m] perturbed = unperturbed x exp(SPG)

spg_time_scale = 3600 [s]
spg_spec_modes = 50
spg_variance = 0.2
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rdepths_spp [Pa]
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SPP in ICON arpae

Test Setup et i 30 e Vit E
LAT-BC - Forecasts from ICON-EU
Perturbed Initial Conditions 2> KENDA (ICON-D2-EPS) with 20 members

(= ) (==

|
~e1r?u$t|:;/fi':)0r?l1‘i?(2:ja£inuer‘}§r No model SPP activated for perturbing
P . g perturbation V" Sed. Vel. Graupel (SPPmic)
forecast run time H " No SPP ¥ rdepths (SPPconv)
* Operational perturbation || * No operational v cr_bsmin (SPPInd)
i perturbation v" rdepths & cr_bsmin (SPPmulti)

B e D
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SPP in ICON
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Statistical Analysis

Deutscher Wetterdienst %
Wetter und Klima aus einer Hand N/

Spatial Mean Hourly Precipitation (Excluding < 0.03 mm)
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Box Whisker plot:

The larger distribution
(wider min-max range)
observed in CPP
indicates a higher level
of perturbations.

* The medians across
the different
experiments are very
similar, showing
consistency.
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Statistical Analysis

Deutscher Wetterdienst
Wetter und Klima aus einer Hand N—/]

Number of Grid Points

#togram of Total 24h Accumulated Precipitation (Excluding < 0.03 mm)
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_SPP in ICON

= = = Deutscher Wetterdienst %
Statl Stl ca I A n a Iys l S Wetter und Klima aus einer Hand Sy

y m of Total 24h Accumulated Precipitation (Excluding < 0.03 mm)
Histogram of Total 24h Accumulated Precipitation (Excluding < 0.03 mm)
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The difference is too small. However, for small values, SPPInd has larger impact on rain
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ISPPin

Histogra|l1 of Total 24h Accumulated Precipitation (Excluding < 0.03 mm)
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For larger values, SPPconv = wmi-
has a bit more impact on
precipitation
Histogram of Total 24h Accumulated Precipitation (Excluding < 0.03 mm)
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Histogram of Total 24h Accumulated Precipitation (Excluding < 0.03 mm)
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H Deutscher Wetterdienst %
I n Wetter und Klima aus einer Hand ey

Summary Outlook
> SP_G Imp_Iementation is c!one by Ax_el 2 Implementation:
Seifert (since June2025 is merged in
ICON-Master) g More case studies
= SPP Implementation has been tested . Test other physical uncertain parameters
for 3 parameters (sed. vel. graupel, *  Multi-parameter perturbation
rdepths and cr_bsr_mn) and mthSPE . Nest: First test uncoupled at 500 m
(rdepths & cr_bsmin) successfully with resolution, then fully coupled with SPP.
ICON-LAM. > B h i
 Initial tests confirm expected behavior of enchmarking:
the SPP scheme ¢ Tuning SPG in ICON-LAM-D2: Optimize

* Findings motivate the need for additional values for SPG parameters (€.g,, length

scale, wave mode, temporal scale) for
cases to ensure robustness . )
perturbing physical parameters.
Refining SPP for Higher Resolution: Focus on
% K\—)\/\)/ 1 km resolution for the GLORI Alpine region.
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_Spread for precipitation rpae

“Be careful what you wish for, lest it come true”

Aesop's Fables
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_Spread for precipitation

Schweizerische Eidgenossenschaft Federal Department of Home Affairs FDHA

Confédération suisse Federal Office of Meteorology and Climatology MeteoSwiss
Confederazione Svizzera

Confederaziun svizra

nnnnnnnn federation

Update from MeteoSwiss
Concernlng excessive. ensemble ;
e pread for preC|p|tat|on

—————————————————————————————————————————————————————————————————————————————————————————

Lf&?_Marco Arpagaus for the MeteoSWIss team |
| lffﬂiff-COSMO General Meetlng 01 09 2025
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Spread for precipitation
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recap
2024

Ensemble Data Assimilation:
LETKF
40+1 members at 1.0 km grid size
with ICON-CH1 setup (SPPT)
hourly cycling

ICON-CH1-EPS: 33 hour forecasts, 8x per day

1 .0 km grid size (R19B08), 80L

\y

{ : bl?memje

P é:e\\LateraI boundary conditions:
\ IFS ENS
9 (18) km

4x per day

operational since 28 May 2024

ICON-CH2-EPS: 5 day forecasts, 4x per day
2.1 km grid size (R19B07), 80L
21 ensemble members

€
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_Spread for precipitation

4 Excessive ensemble spread for precipitation

recap

2024 Hydrologists: “excessive spread and frequent overestimation in the runoff forecasts”
- multiple events in early summer 2024 (May-Jul); large convective contributions

TOT_PREC accumulated, catchment ch-rhein-diepoldsau,rietbruecke
init time: 11.07.2024 00UTC

opr

Figures: BAFU / Lukas Jansing

© COSMO General Meeting, WG EPS, 01.09.2025
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Deactivate SPPT: Isppt=.false. e

© Positive effects: spread of TOT PREC

NEW 2 km
> Decrease in spread, spread is below STDE for the majority of periods and lead times
ensemble

inter spring summer
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Deactivate SPPT: Isppt=.false. e .

© Negative effects: Decrease in spread

NEW 2 km
> (Slight) decrease in spread for many of the other variables: T_2M, TD_2M, FF_10M,
ensemble

VMAX_10M6 (less so for CLCT, PS and PMSL) > SPREAD/STDE gets worse

winter, e.g. VMAX_10M6 spring, e.g. TD_2M summer, e.g. T_2M
i
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@ Decision (hopefully temporary ...):
Deactivate SPPT in ICON-CH2-EPS,
but keep it in ICON-CH1-EPS

operational since 11 December 2024

operational no SPPT
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Bonus track - test of an hectometric scale ICON ensemble rpae

= test of an ICON ensemble at 500 m, with “standard” set-up and with hectometric scale set-up

(a) Radar observed ICON 2 km ICON 500 m ICON 500 m 3d turb
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Future plans ‘pae .

= SPPinICON
o comparison with existing methods
= homogeneous verification and evaluation of operational ensembles
o spread/skill evaluation
= transition to ICON-LEPS

= SRNWP-EPS (EUMETNET) Meeting in Bologna,
25-27 November 2025

on Model Perturbation and Use of Ensembles
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Thank you for your attention!




