Recent and planned NWP developments at ECMWF
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ECMWF’s role is to
address the critical
and most difficult
research problems
in medium-range
NWP that no one
country could tackle
on its own
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Integrated Forecasting System (IFS) cycle upgrades

Spring 2021 Autumn 2021 Spring 2023 2024
4712 47r3 48rl 49r1
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. . Multi-layer snow scheme ERAG coupled
Moist physics upgrade OOPS (multi-executable) o A

operational implementation

Observation use and data
assimilation (DA) changes
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IFS Cycle 4712
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IFS Cycle 47r3

1. Changes to observation usage in the assimilation
(infra-red, microwave, atmospheric motion vectors, Aeolus winds)

2. Weak constraint 4DVar for stratosphere in EnsembleDA

3. Major revision to improve the physical and numerical basis
for moist processes in the IFS
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Observations: Assimilation of all-sky AMSU-A

LCCNR R VR IUCYEIUEE  AMSU-A channels 5 to 14 are actively assimilated. These are channels
NOAA-15 | 1998 | - |

NOAA-16 . with primary sensitivity to temperature from the mid-troposphere
NOAA-17

ECREE through upper stratosphere
NOAA-18 | 2005 | - | ,
NOAA-19 | 2009 | - |

In 4713, “clear-sky” assimilation is replaced by “all-sky”, treating satellite
radiances in all atmospheric conditions

Position error [km], T+120h
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=>» Assimilation of all-sky AMSU-A: Increases use of microwave sounder data in areas of cloud and
precipitation (+12% global increase for Channel 5)

|
=
8

F

|
el
o

=>» Provide critical observations near Tropical Cyclones (example: Hurricane Humberto)



Data assimilation: Improved wind analysis

1. Heights of low level Atmospheric Motion Vectors
(AMVs) diagnosed above the model cloud are reassigned Change in RMS error in VW (Middle-ctr)

20-Jun-2019 to 31-Mar-2020 from 410 to 448 samples. Verified against own-analysis.
to the cloud average pressure

Cross-hatching indicates 95% confidence with Sidak correction for 20 independent tests.
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Moist physics upgrade in IFS Cycle 47r3

* Major development to moist physics parametrizations (cloud, convection, turbulent mixing, microphysics)

more consistency, improved physical processes,

Changes to many different aspects of the moist physics...

More details in...
Limit to convective overshoot .
dependent on tropopause
stability

European Centre for Medium-Range

Tropopause

Random-exponential
cloud overlap Convective
subsidence
evaporation

Newsletter

No. 164 | Summer 20

lone win

Consistent approach to
saturation adjustment Moist

forecasts
Climat elling using OpenlFS

Coordinated response to loss of
aircraft weather data

from sources and sinks Turbulent convective
diffusion mass flux

(r -
Revised calculation of cooling) .
inversion strength Consistent
calculation ~ Cloud edge

of boundary turbulence
layer and \_ « evaporation

Turbulent cloud base
diffusion AN heights
e (stratocumulus)
diffusion . Convection dependence

Boundary layer {

on ;otal advective : 2
oisture convergence
_______ e . ~ ECMWF Newsletter 164
' ~ v (Summer 2020)

(www.ecmwf.int/en/publications/newsletters)
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Forthcoming upgrades
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Acceptance of Atos supercomputer
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Upgrade of ENS resolution

TCo639 - 47r3 ENS resolution TCol279 - 48r1 ENS resolution
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TCo1279L137 vs TCo639L137 (obs), dots indicate stat. signif. (95%)

=~ 9km vs 18km, ENS, fcrps
ZSOOhPa’ NH 9km vs 18km, CF, maef
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Ongoing developments for surface-sensitive microwave channels

Active channel 10 NOW UPGRADE
(36.5 GHz, v-polarised) (all-sky but not all-surface)

observations from AMSR2 during
00 UTC analysis cycle,

26 June 2019
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* Adding higher latitudes,
land surfaces, mixed scenes (land -
water) (but excluding sea-ice, snow, high
altitudes, desert soils)
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Longer term developments

- E 55 Il Wl = = 55 ] & ™ o = [# 6] 3=



Forecast Days/Day

Performance of IFS at 1 km on Summit and first tests on Fugaku
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Fugaku, RIKEN Center for Computational Science
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Status of machine learning at ECMWF

NOGWD emulation Low
dimensional

ocean models

Bias correction
in 4D-Var

Soil moisture
assimilation

TL/AD of emulator

Assimilate
for 4D-Var

scatterometer
backscatter

Bias correction in
4D-Var in 3D

M4Land

Estimates of
the first guess
of model error
in OOPS

ecRad emulation

Observation

quality control AI4Emissions

Observations

Learn and understand
model error from
observations
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MAELSTROM co- CliMetLab

Learn machine
learning model
in 4D-Var

design cycle

Neural Network
preconditioner

SPARTACUS
emulation

Fastem-7 for RTTOV Anomaly detection

ocean emissivity
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ecPoint

Wildfire
prediction

Lookdown induced NO2
changes / Jerome

Generatwe
precipitation
downscaling

Statistical
downscaling of
precipitation
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S2S Challenge

Tropical Cyclone
detection

Study tropical
cyclone genesis

LJ D’l

Tropical
Cyclone
Tracking

Ensemble
post-processing

= =

Ongoing

Published

& [ 3 [

17



THE STRENGTH OF A COMMON GOAL



