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NWP — Processes

Resolved and parametrized
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Global-to-Regional ICON with Ensemble DA ge,,;;f;:m:ggggm:gg
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Data Assimilation in High-Dimensional System neutscherwmeraienstg
N N N

== Y 4 T
TS
<. Fill o

; gaps

- sky Observationg

K Infrared

Vo \
\ .
\ , Visible
Atmospheric
. Motion
\
Vectors (AMV) |+,

\
\
“

Microwave

. N
1. Radio &
I Occultation

Planes\

-
-
-
-

G

~. I
RSN Airports
Missing Boundary Layer ﬂ
Porﬁ;&ﬁl@ﬁ%asuremems =
==

=

N e A

bServationa,
and use g||-



NWP Model-Chain 09/2022
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ICON Global
Non-Hydrostatic

Det 13 km Resolution
EPS 40 km Resolution
90 level

40 member

Analysis every 3h

EnVAR + LETKF

Forecasts
180h: 00,12 UTC
120h: 06, 18 UTC
51h: 03, 09, 15, 21UTC

ICON-EU 2-way-nest

Det 6.5 km Resolution
EPS 20 km Resolution
60 level

40 member

Analysis every 3h

EnVAR + LETKF

Forecasts
120 h: 00, 06, 12, 18 UTC
51 h: 03, 09, 15, 21 UTC
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ICON D2 LAM
Convective Scale

Det 2 km Resolution
EPS 2 km Resolution
65 level

40 member

Analysis every 1h

KENDA: 4D-LETKF

Forecasts
48h: 00, 03, 06, 09, 12,
15,21 UTC

ICON-D2 RUC
Convective Scale

Det 2 km Resolution
EPS 2 km Resolution
65 level

40 member
Analysis every 1h

KENDA: 4D-LETKF

Forecasts
8h: 06, 07,08, ... 17,18
uTC

Mov
€ to more frequent forecasting
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processes Wetter und Klima aus einer Hand

Radiation

WORLD and cloud _— EESE
METEQOROLOGICAL formation :
ORGCGANIZATION

2018040800, vv: 003, ICON-ART, AOD_DUST

Emergency Response Activities (ERA)

Aerosol Gas phase
dynamics chemistry

v RSMC Nuclear Emergency Setup Operational

v RSMC Non-Nuclear Emergency Setup Operational
v ICON-ART Operational Pollen Forecast Operational More complexity:
v' ICON-ART Volcanic Ash Emergency Setup Pre-Operational ART ang Coupled
v' ICON-ART Mineral Dust Near-Realtime Test System /
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ICON Quality NWP

WMQO verification against cbservations
lead-time: 24h

valid-time: 12UTC

level: 850hPa

nhem

|
850 hPa 48 h nhem

1.5

rmse
@
Temperature

1.2

1.1

ICON + Ensembieé Data Assimifation

14 NWP Centres with global Forecasts,
ICON well positioned in in Top Group

Better Predictions
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WMO verification against observations
lead-time: 120h
valid-time: 12UTC
level: 500hPa

25
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Temperature
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WMO verification against SYNOP

lead-time: 48h
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Scales and Precipitation Prediction! WME
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Predictability Diagram for 2021-07-14 18 UTC
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SINFONY R&D Topics S ] ©
Feamless ’”tegrated
= NWC-NWP Integration by Ofecasting

NWP Rapid Update Cycle RUC with hourly forecasts
using the same observations (3D-RADAR, SEVIRI VIS, Lightning, ...)
uncertainty estimation by ensembles EPS on all components NWC+NWP
using NWC Information in NWP

— RADAR object assimilation,

— assimilation of nowcasted objects NWC-DA
o using NWP information in NWC
— life cycle estimates, initialization using DA techniques and Al/ML

O O O O

= Seamless Products in observation space (RADAR, clouds)
o STEPS multiscale nowcasting for precipitation fields
o ensemble selection and composition methods in object space
o guiding nowcasting EPS through NWP using an EnKF
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RUC: Advantage of timely EPS Initialization neutscherwmeraaenstg
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2021/05/24-07UTC - 2021/07/17-09UTC
DOM: ALL, STAT: ALL

SD

T2M (K)

S

Score Value

INF@®

NY

© o & b o
Time of Day

™

03
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14
15
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-~ 18

tttb bttt 2

bt

Experiment
- 11200

1Im ARA

Experimental KENDA
RUC System 2022

=  Hourly Initialization by EDA

= Hourly Forecast Runs, 8h

=  Spin-off from classical cycle at 3 UTC

* Younger Fast Initialization shows Best
Scores for several hours

= 3-hourly KENDA with more

observations better after 5 hours

% 28.09.2022

Best forecast: lower error curve
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Al in NWP — DWD Project World
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Al for Learning

Al for Learning
Model Components

_

USG new techniqUGS

through the whole
value chain

Al for Microphysics
Parametrization

Model and
Parametrizations

p
: Observation
Observations }/ Error
. /
Al Cloud Data
Operators assimilation
Al/ML for
SEVIRI Bias
Correction
Al for fast

(Obs Operator)

Radiative Transfer

Al for NWC-

NWP Seamless

% 2022

Prediction

Al for Learning
Model Error &
Improving Forecast

[ Postprocessing ]

Al for Learning
Precipitation
Forecast

/[ Applications ]
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ICamCloudOps: Webcams + Al Deutscher Wetterdenst
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— Entwicklung beim DWD:

Number of neurons

Schoger, Reinhardt, Potthast, A * (Bixe]
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Deep Neural Network for Cloud W |-
Identification and Classification -
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NWP Research Themes at DWD (selection) wwg
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« High-Resolution Forecasting global-to-regional
GPU-CPU Computing Architectures for ICON
« |CONIC Icon in the Cloud

Model-Data-Assimilation-Coupling (MDAC)

. 4D-EnVAR Fully balanceq

+ CENVAR iNNovati
« Particle Filters vative Systems

 Feature Data Assimilation

« Convection parametrization and resolved
convection
* Turbulence TKE-SV

* Microphysics parametrizations, ART and Al . Ocean data assimilation

* Coupled data assimilation (Atm.-L)

*  Stochastic Perturbation Methods for EPS  ENnVAR (& LETKF) for surface data assimilation

« Singular Vectors SV

« High-resolution observations assimilation

* Multi-Fidelity or hetgrogeneous (h'EPS) « All-Sky Data Assimilation Global-to-Regional
Ensemble Assimilation and Forecasting . Lightning Obs in DA

« Discontinuous Galerkin Dynamical Kernel

. o « Pilot Station Boundary Layer Obs Assimilation
* Wind-Park Roughness Parametrization
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