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1. Reducing regime-dependent systematic errors 
• Clouds affect radiation, dynamics, precipitation prediction

• Need to increase the realism, detailed representation of physical processes

2. Constraining higher resolution models – convective storms/high 

impact weather
• resolving smaller scale motions (km-scale, convective permitting/resolving)

• details of the microphysics becomes more important (macrophysics less important)

3. Improvements to model initial conditions (data assimilation)
• cloudy areas are often meteorologically sensitive areas (reduce error growth)

• more accurate cloud microphysics means more data can be used in the assimilation

• better analyses, better forecasts, and training data for AI/ML

EarthCARE observations can advance global NWP forecasts by:

+ Observation quality monitoring – visit us at poster O11 

 ‘Continuous Validation of EarthCARE’s First Year Through Monitoring within 

ECMWF’s Data Assimilation System’.
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EarthCARE… the missing piece in the data assimilation puzzle?
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Current and planned cloud-sensitive observations in ECMWF assimilation system



EarthCARE’s unique potential for data assimilation

Positioning of frontal 

systems 

Rain rates and 

melting layer height

Unambiguous optical 

depth

Upper-tropospheric 

humidity + IWC

Positioning of cloud 

top heights + SCLW

IWC - ice water content, SCLW – supercooled liquid water



Observations

Instrument noise
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Microphysical assumptions

See Fielding and Janisková 2020, QJRMS

See Fielding and Stiller 2019, JGR



Single orbit example for Pacific Ocean

• Example single-cycle 4D-Var assimilation experiment using 

TCo639 grid (~18 km) 17 March 2025.

• 4D-Var control variables (such as temperature and humidity) are 

adjusted during minimization to improve forward modelled fit to 

observations.

Tropical deep 

convection
Southern oceanNH mid-latitudes



• Integrated Forecast System (IFS) CY49R1 4D-Var experimentation with forecasts using 

TCo639 grid (~18 km) for 5-month period between 01 December 2024 – 06 April 2025.

• Assimilate CPR L1B radar reflectivity and/or ATLID L2 extinction (at 355 nm) superobbed 

to (O320-> ~38 km) and model vertical levels, in addition to current observing system.

4D-Var observing system experiment setup

• Verification of analysis skill evaluated by comparing:

➢  analysis to independent observations (e.g., EarthCARE BBR fluxes).

• Verification of forecast skill evaluated by comparing:

➢ Short-term forecast fits to other observations in observing system 

(background departures)

➢ Forecasts of model variables (e.g., T, RH, winds) against own analysis 

at variety of lead times.

➢ L3 gridded observational products (e.g., CERES TOA radiative fluxes), 

to model variables at different lead times. 
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Verification against conventional observations – CPR only

➢  Assimilating radar reflectivity improves short-term forecasts (background departures) of wind and humidity 

Profiler and radiosonde Wind Radiosonde Temperature Radiosonde Humidity

☺ ☺ ☺
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➢  Assimilating cloud extinction improves short-term forecasts (background departures) of wind and humidity 

☺
☺

CPR has greatest impact on winds, ATLID improves humidity

Verification against wind and humidity observations – ATLID only

AMV Wind Microwave Humidity Sounder Radiosonde humidity

Humidity 

channels

☺
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Assimilating radar reflectivity improves medium-range forecasts of winds in 
the extra-tropics

EarthCARE hydrometeor fraction

CPR-only OSE (20241201 to 20250406)

☺



10 km

0 km

18 km

• Improvements of 0.5 - 1 % 

at day 3-4 in cloudy regions, 

consistent with CloudSat 

assimilation experiments.

• Smaller, positive impact on 

temperature scores.

Day 3 - Temperature Day 4 - Temperature

Day 3 - Wind Day 4 - Wind



Assimilating EarthCARE improves fit to BBR observations

17 March 2025 – 24 March 2025
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CPR has greatest 

impact on shortwave

• Modelled radiative fluxes compared to BBR before and after assimilation

• Analogous to ‘radiative closure’ performed with EarthCARE retrievals

Combined CPR and ATLID 

assimilation generally gives 

best fit to BBR observations

ATLID has greatest 

impact on longwave
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