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Challenges of very-short-range g
. . . . Deutscher Wetterdienst
high impact weather forecasting and warning Wetter und Kiima aus einer Hand NS

How to transfer the very detailed high-resolution / high-frequent
observations (radar, sat, lighting, etc.) into seamless useful
forecasts for small-scale high-impact events?

= Timely and as accurate as possible!
= With uncertainty estimates!
= Useful and usable down the warning chain!

Our goal to that end: Achieve better convective forecasts
from now to the the next 12 h!

=» Develop a seamless probabilistic forecasting system on the
convective scale from 0 — 12 h lead time, transiting from obs
via Nowcasting ensemble to NWP ensemble

=» Establish vivid exchange and a co-design approach with users
(DWD forecasters, flood forecasting centres)




The SINFONY as in current transition to operations Deutscher Wetterdienst E
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The SINFONY as in current transition to operations Deutscher Wetterdienst E
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for convective events

= Hourly new ENS
forecasts up to
+14 h (RUC) 1

=» Radar based precipitation
Nowcasting

1) Gridded fields
(mm/h, dBZ)

ell objects

= Assimilation of new data*
in KENDA-LETKF: -

=» Radar volume scans w

v,, dBZ, cell objects

P8l > METEOSAT VIS / IR
= Lightning 4; Current crossover Lead

at1-1,5h!

% *) In addition to the ,conventional® data, such as SYNOP, TEMP, profiler, MODE-S



One of our combinded products: e etterdionct %
INTENSE — Blending of ensemble members by DA cycle Wetter und Kiima aus einer Hand \ig

Nowcasting STEPS-DWD INTENSE (1 of 20 members) NWP ICON-RUC-EPS
e ‘-_ {/E;r‘ﬂ ’ T' —-‘TI-A 3 g“' 4/\_&!;, '.L’ {A 12 3 . R ‘ | ~« _ N Q { y »

Combined ENS

: » Nerini et al. 2019
S__l - Combined products ,Best of both worlds Gives Us 20 Seenarios

NWP-ENS (hourly updates) precip and reflectivity
to 5 SINF@NY

Fcst lead time



Another approach: blending in
probability space

Rempel et al. (2022), Artif. Intell. Earth Syst.,

doi:10.1175/AIES-D-22-0020.1

Prototype for NN-approach

Blended CDF (multiple thresholds simultaneously and consistently) at
each location (co-op. with Institute of Stochastics, University Ulm)
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More details on the ICON-RUC Pt and Kima s aner and E

. ICON-D2

> Advanced forward operators: New: ICON-RUG DET /ENS : 2 km (+48h)
Radar volumes and composites DET / ENS: 2 ki (+14h :
Cell objects (KONRAD3D) - 2 km (+14h)

VIS / IR sat data Part of the SINF@NY
Hourly new forecasts

Advanced 2-moment cloud

S ] o microphysics with hail AZ | ICON-EU Nest \
L gk e FVEAS Optimized for <12 h and at /)] >4 DET/ENS: 6.2 /137N
w KON @ég@)ﬁ same time good reflectivity, /4 - i’w N ;&.
 det J+tra clou tation / A N ae \
. uickly available after 35° D A ——
aﬁé @ More frequent output 1 ‘

= Seamless Nowcasting-NWP-products (5° updates, 5 output)g
= Verification directly in observation space
= Data assimilation via LETKF

together with classical Latent Heat Nudging (LHN)

% /i:Boundary conditions SINF@®NY




Deutscher Wetterdienst

Advanced 2-moment cloud microphysics scheme %
In ICON'RUC/'EPS Wetter und Klima aus einer Hand g

Significant investment in 2-moment cloud microphysics
( +50 % runtime compared to ICON-D2)

= Additional prognostic number concentrations as 2nd moment, additional prognostic halil
= Quasi-prognostic hydrometeor size ( ratio mass con. / number conc. )
=>Prognostic hail accumulation and hail rate at ground from NWP!

Justified because beneficial for ICON-RUC and SINFONY combined products:
= Considerable bias reduction of simulated radar- and VIS/IR satellite data

= Accepts more of these data in assimilation

s SINE®NY




Deutscher Wetterdienst

Advanced 2-moment cloud microphysics scheme %
In ICON'RUC/'EPS Wetter und Klima aus einer Hand g

poster Thursday PAT:
s. Lobel et al.

|CON-RUC hail size f

orecast

In the development pipeline:
= New hall forecast products: estimated max. hail diameter at ground, hail kinetic energy

= Further improvements based on observed raindrop size distributions at ground:
= Thies distrometer (LNM) at ~150 DWD SYNOP stations for several years
= dataset 2019-2024 freely available to the community via https://zenodo.org/records/17065117

= Updated configuration for non-convective precipitation, especially in winter

s SINE®NY




Achievements by SINFONY developments since 20177 Wekter nd i s ier Hand E

= Heavy convective period May / June 2016 was important motivation for creating the SINFONY
= Flash flood events in Braunsbach (29.5.2016) and Simbach am Inn (1.6.2016)

= Re-forecast of the period 26.5. — 29.6.2016 with all components of today‘s SINFONY system and
comparison with the original operational COSMO-DE/-EPS forecasts from that time

R o SINESNY



Achievements in NWP: Fraktions Skill Score (FSS)
26.5. — 30.6.2016
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= COSMO-DE (3-h inits)
= |CON-D2 (3-h inits)
—— |CON-RUC (3-h inits)

Deterministic

- = N€IghDOrhood ENS
probability (NEP)

*Comparison of 3-houly inits as

function of forecast lead time
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hold: 2 mm in 1h
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1.00
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perfect

6 years progress in NWP

Common result of many general

ICON developments and of the
SINFONY developments
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Achievements in NWP: Fraktions Skill Score (FSS) g
=/

Deutscher Wetterdienst
26.5. - 30.6.2016 Wetter und Klima aus einer Hand
Threshold: 2 mm in 1h Threshold: 2 mm in 1h
— COSMO'DE (3'h In ItS) 1. aa“ s oL km perfect 1.00 oo e tn ol il perfect

== |CON-D2 (3-h inits)
=== | CON-RUC (1-h inits)
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- At each time of day, take the
latest practically available
forecast: RUC init 3 x more often *
and very short computing time!

skillful

(w]

- ,User |lead time* is along the
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Achievements in NWP and combined products:
26.5. — 30.6.2016

Deutscher Wetterdienst %
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= User perspective

= COSMO-DE

== |CON-D2

== |CON-D2-RUC

== STEPS-DWD Nowcasting
== |NTENSE Combination

Threshold: 37 dBZ

Box Length: 35km

perfect

| R S ... _ _ _ skillful,
\\ 35 km

zero sKkill

User lead time [h]
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Achievements in NWP and combined products: Core areas from all

by MMI-Score 27.5. — 29.6.2016 elevations =

Poster Thursday P72:
M. Werner et al.

On Nowcasting
KONRAD3D(-EPS)

Next talk in this session:

N. L. Strotjohann et al.

on the combination
KONRAD3D-SINFONY

Poster Thursday P46:
M. Debertshauser et al.

Integrating KONRAD3D
cells in NowCastMix

MMI
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: : Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E
= Radar reflectivity, Braunsbach flash flood case, 29.5.2016

Reflectivity composites of EMVORADO at 17:30, init 12 UTC
Old COSMO-DE-like det. exp. from 2019 OBS ICON-RUC det. re-forecast
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. . Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E
= Radar reflectivity, Braunsbach flash flood case, 29.5.2016

Reflectivity composites of EMVORADO at 17:30, init 12 UTC
Old COSMO-DE-like det. exp. from 2019 OBS ICON-RUC det. re-forecast
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. . Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E
= Precipitation, Braunsbach flash flood case, 29.5.2016

Accumulated precipitation from 17 -19 UTC
Old COSMO-DE det. init 12 UTC OBS ICON RUC det. re-forecast init 12 UTC
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. . Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E

= Precipitation, Braunsbach flash flood case, 29.5.2016
Accumulated precipitation from 17 -19 UTC

Old COSMO-DE ensmax init 12 UTC OBS ICON-RUC ensmax re-forecast init 12 UTC
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. . Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E
= Precipitation, Braunsbach flash flood case, 29.5.2016

Accumulated precipitation from 17 - 19 UTC

Old COSMO-DE ensmax init 12 UTC OBS ICON—F§UC ensmax re-forecast init 13 UTC

g ol : -Tg q"-%
1
— ‘.
) =
- 4 Al

% O ¥ @ A® 42 52 10 (O A0 T TR AT BT A P RS N 140.0 mm SINF@®NY




. . Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E
= Precipitation, Braunsbach flash flood case, 29.5.2016

Accumulated precipitation from 17 - 19 UTC

Old COSMO-DE ensmax init 12 UTC OBS ICON- RUC ensmax re-forecast |n|t 14 UTC
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. . Deutscher Wetterdienst
Achievements in NWP for Braunsbach case Wetter und Kiima aus siner Hand E
= Precipitation, Braunsbach flash flood case, 29.5.2016

Accumulated precipitation from 17 -19 UTC
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Aggregation of INTENSE over catchment area (AREA) o s oot ey e E

Simbach case, 7 UTC INTENSE, EPS max

6 h rain sum [mm] in catchment upstream of each pixel Return period [years]

Dauerstufe: 6h
: mm

nit: 2016-06-01 07:00 / Dauerstufe: 6h

' EPS-Quantil: max / wvalues: Tp
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H+ Quickly identify small river catchments (< 500 km?) with high
1 precipitation input at short lead times = flash flood potential

1+ Development together with German Flood Forecasting Centers
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A complementary project framework: Poster Thursday P81
Co-Design in hydro-meteorological partnership J. Keller et al.

Augmenting the hydrometeorological value chain
through co-design

User-specific, catchment
based evaluation of DWD'’s
precipitation forecg

Decision makers,
civil protection,

} emergency

management

Operational NWP Observations Flood

i cipitation,...) & Nowcasting (Discharge,...) Flood forecasting
SINF®NY Deutscher fooq  FOrecasting  models
Weather  Wetterdienst predictions  Centres

Predictions Climatologies
Global-to-regional ICON Digital Twin (GLORI

Flood inundation maps

% * Sub-project, co-financed by the 23 SINF@®NY

Landesamt fir Umwelt Rhineland-Palatinate
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Current status of SINFONY Deutscher Wetterdienst E

= End of 2" project phase reached.
= SINFONY components work good for convective season.
=>» Tailored to precipitation, reflectivity and convective cells hazards.
= ICON-RUC operational, other components not yet.
= Future needs:
=>Further operationalisations + longterm operations & maintenance
=>Further research:
>need to work on winter and other phenomena,
=>want to address also other user groups like aviation and energy sector,

=>want to become seamless also for other parameters and longer lead times > 12 h.




Long-term strategy — SINFONY 3.0 and beyond s e, E

= Operationalisation of the full SINFONY + long-term operation & maintenance:
= Next components for operationalisation will be INTENSE and KONRAD3D-SINFONY
=By permanent staff from different disciplines and departments

= Further research projects 2025 — 2029 in project SINFONY 3.0:

= Seamless beyond 12 h and extend to other parameters (wind, Poster Tuesday P66
temp., clouds) by combining ICON-RUC and ICON-D2 F. Schubert et al.

= Seamless from obs to RUC for other parameters by Al-based Poster Thursday P68
Ultra-Rapid Data Assimilation as a postprocessing S HSibltZK et al

=> Integrate satellite (MTG FCI, IRS, LI) and radar in Nowcasting
= Improve RUC NWP for fog and visibility (e.g. for aviation)

<> How to integrate probabilistic forecast information into user portals (e.g., our Warning App)?
= Al-methods more and more used in all of these projects




Long-term strategy — SINFONY 3.0 and beyond e E

SINFONY iIs becoming a long-term, cross-cutting, multi-
disciplinary, managed network activity at DWD

= DWOD’s future automated warning system RainBoW

= DWD’s new internal Center for Al as general framework for our Al activities




Our external partners B e den=t E

= Cooperate with other projects and external partners:

=>HErZ, Extramural research

> MeteoSwiss . J{'Hans-meu.zfmtmm W

> Waves2Weather * e ety e

> IMK@KIT R ealPEP ﬂ(".
=> University Ulm <

=>University Tubingen m )

= DFG research group RealPeP estbed | iUipu
= DFG priority program PROM TUBINGEN

= European Severe Storms Laboratory (ESSL) Testbed
= Co-Design (IDEA-S45S)
= RainBow

R SINFONY



Thank you for your attention!

SINFONY Tutorials / E-Learning:
www.dwd.de/sinfony =2 E-learning
(in German language)

zeption [
Rezeption |

L

(SINFONY.Retreat; April 2024, Kloster H("j»chst_i. Odw.)

sinfony@dwd.de

% www.dwd.de/sinfony

KAPITEL 1

Problemstellung

@ und Einfiihrung

Kapitel 1 - Problemstellung
und Einflhrung

Lernziel: Was ist die Idee hinter dem
SINFONY und warum brauchen wir es?

Dauer: ca. 23 Minuten

KAPITEL 3

Nowcasting

Kapitel 3 - Nowcasting
Lernziel: Wie funktionieren die
Nowcasting-Verfahren des SINFONY

und welche Prinzipien stecken dahinter?

Dauer: ¢a, 35 Minuten

KAPITEL 2

E SINFONY-Ansatz

Co-Design
Kapitel 2 - Der SINFONY-
Ansatz und Co-Design

Lernziel: Was wird konkret fiir das
SINFONY entwickelt und wie wird es
umgesetzt?

Dauer: ¢a. 20 Minuten

Kapitel 4 - NWV-Modell

Istin Vorbereitung.
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