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BUILDING ON PIONEERING GLOBAL KM-SCALE MODELLING

10m wind gust in IFS-FESOM (atmosphere ~5km/ ocean ~5km) Mixed-layer depth
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GLOBAL KM-SCALE MODELLING EFFORTS AT ECMWF

iﬁClTE & nNext Destination Earth

Implemented by WECMWF @esa G EUME SA

LEADERSHIP COMPUTING

Short forecasts Multidecadal Pathway to operational use
pioneering physics for coupled simulations
global km-scale C//mqte Weather-Induced
adaptation DT Extremes DT
Multiple case studies up to In 2024, 30 years of
IFS (2.8km/1.4km) + NEMO12 (9km) IFS (4.4km) + NEMO025 (25km)
IFS (4.4km) + FESOM (5km)
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IMPROVEMENT DUE TO KM-SCALE
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OROGRAPHIC PRECIPITATION AND NEAR-SURFACE FIELDS -

Storm Alex 24h TP, 2020-10-01 T+60h “Extremes score-card” (ref SYNOP)
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HOW DOES KM-SCALE IMPROVE TROPICAL CYCLONES?

IDALIA 2023 [20230829 00 UTC]
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WHERE HAVE WE MADE PROGRESS?
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Zonal-mean

of

@90hPa

IS THE HYDROSTATIC ASSUMPTION STILL VALID AT KM-SCALE?
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2.8 km resolution
simulations for end of
January 2022 (winds over
Himalayas ~50 m/s)

... mostly YES, difference
between H and NH is limited
to a few specific flow
situations.

Fortunately, because NH is
>2 times more expensive.
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LEADERSHIP COMPUTING
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HOW TO TREAT OROGRAPHY?

Change in RMSE of winds
More filtering vs current
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Improve accuracy, while preserving orographic detail

Birgit Siitzl, Annelize Van Niekerk
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WHAT ARE THE CHALLENGES AHEAD?
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FC 4km vs 9km (old)
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HIGH-RESOLUTION DATA ASSIMILATION

FC 4km vs 9km (new)

AN+FC 4km vs 9km
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Setup of the high-resolution DestinE analyses:

* TCo2559 (4.4 km) trajectory using latest 49r1
DestinE forecast (new orog, time-step)

* |ncreased resolution of minimisation
(TL319/TL399/TC0399/TCo0511)

* Observation time-slots reduced from 1800s to
400s

* High-resolution geostationary satellite data
(reduced thinning)

Z. Zaplotnik, J. Schroéttle,
E. Orlandi and J. Bandeiras
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DOES SIMULATING THE KM-SCALE HAVE AN UPSCALE EFFECT?

* One year of DestinE forecasts compared to OPER at T+72h (366 dates)

* MSE = BIAS? + VFE , VFE = variance of forecast error informs on predictive skill
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YES, first demonstration that simulating km-scale processes has a positive impact
on the predictive skill in midlatitudes. However, it remains partly masked by bias.

Lloreng Lledo, Benoit Vanniéere
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CAN WE TURN OFF THE PARAMETERIZATION OF DEEP CONVECTION?
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CASE OF TC OTIS

Combining successively extra observations, reduced parameterized convection
and higher resolution 4D-Var dramatically increases the forecast skill of Otis.
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QUANTIFYING UNCERTAINTY
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NEW INSIGHTS FROM EARTHCARE WILL BENEFIT KM-SCALE

Air rising in storm core
New EarthCare

observations:
Radar reflectivity
and doppler velocity

* Radar doppler velocity measures rain and snow fall speed,
aiding in drop size and rime fraction estimation

* Detailed insights on strength/width of convective updrafts

| Radar reflectivity » Snow | Better constraints | Rain
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USING SPATIAL VERIFICATION METRICS FOR KM-SCALE PROCESSES
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River discharge (m?/s)

INTEGRATION OF IMPACT SECTOR MODELS IN THE KM-SCALE MODEL

CAMA-Flood
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mproved representation of peak intensity of floods at km-scale

Flexible prognostic aerosols scheme —

Prognostic dust aerosols, CAMS climatology otherwise,
2024 June 10 127
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New feature to include custom combination
of prognostic and climatological aerosols
species in the radiation scheme

Jasper Denissen, Peter Hill, Ramiro Checa-Garcia
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KM-SCALE MODELLING AT ECMWF

Clear improvement of the km-scale to simulate several types of extreme weather

DestinE operationalizes km-scale IFS simulations for weather prediction and climate projections by leveraging
EuroHPC supercomputers

Delivers better information to application sectors and improves boundary conditions for ACCORD models

Adapting moist physics for km-scale remains challenging but developments to the representation of convection,
turbulence and microphysics, and new observations of cloud and precipitation from EarthCARE provides a good way
forward

Km-scale models present a major opportunity for training Al-based NWP, and improve their representation of meso-

scale and extreme weather prediction



NEXT STEPS IN KM-SCALE MODELLING AT ECMWEF

Ocean model Surface model




NEXT STEPS IN KM-SCALE MODELLING AT ECMWF

Mon-orographic
wave drag Improved SPP
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IMPACT OF CITIES AT THE LOCAL SCALE
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TUNING A GLOBAL KM-SCALE CLIMATE MODEL

Biases identified during nextGEMS Hackathon in climate simulations... ... improve scores of ENS forecasts and
extreme DTs
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Tobias Becker and ECMWF model development team ‘:::‘ GEMS
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SUB-GRID OROGRAPHIC PROCESSES STILL IMPORTANT AT HIGH RESOLUTION

AR

non-orographic
gravity wave drag
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| Turbulet / roughness drag

Annelize Van Niekerk, Birgit Siitzl
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Updated field processing so that subgrid drag evolves smoothly and consistently with resolution.
Exploiting high-resolution data to build ancillary fields (Copernicus DEM at resolution 30m)

e Bayesian optimization strategy for tuning subgrid drag
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IMPACT OF CITIES AT THE LOCAL SCALE

Paris RDP project evaluating Paris t2m against 30 10T stations
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HIGH-RESOLUTION DATA ASSIMILATION
FC 4km vs 9km (old) FC 4km vs 9km (new) AN+FC 4km vs 9km
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Evaluating 4.4 vs 9 km
10-member ensembles with SPP +
additional physics changes

Tropical Cyclone Otis
(24-25 Oct 2023)

30 initial dates

Aristofanis Tsiringakis

Ensemble mean error (hPa)

1020

Destination Earth ey SSECMWF @esa @ EUMETSAT

QUANTIFYING UNCERTAINTY
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Representing uncertainties at kilometre scale resolutions

* Funded by Destination Earth, work is on-going to test and further develop uncertainty
representations at high resolution (Ax 4.4 km)

« Lack of affordability to run large IFS ensemble at km-scale in the next five to ten years

« Alternative approach: Use ML to learn probabilistic downscaling and assess realism via
comparison with IFS km-scale simulations
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