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DANTEX and CIMR

• Data Assimilation and Numerical Testing for 

Copernicus EXpansion missions (DANTEX) is an 

ESA funded project started in November 2024.

• Developing ability to use directly L1 observations 

from CIMR, CRISTAL, LSTM, Sentinel-1 in data 

assimilation

• CIMR is a conically scanning microwave radiometer 

(observation zenith angle 55º ± 2º [52º ± 1º for L-

band]) with full Stokes polarisation channels at 1.4, 

6.9, 10.65, 18.7 and 36.5 GHz.

• CIMR is sensitive to terrestrial surfaces (SST, LST, 

snow, sea ice, soil moisture, vegetation) and the 

atmosphere. Coupled data assimilation has 

potential to solve simultaneously across all states.



What is the problem we are trying to solve?

• Until recently lack of scientific maturity of coupled DA – but this has progressed fast recently

– ECMWF will implement “outer-loop ocean-atmosphere coupled DA” in its next operational cycle! If interested in details 

talk to Patricia de Rosnay, who is at LPS this week

• For snow and sea ice sensitivity of radiative transfer to unknown microphysical properties

• Training for a model using ML is difficult because inputs are mostly unknown

• Geer (2024) proposed to train simultaneously to learn the model and the inputs. He called this an 

“empirical state method”

• This creates a hybrid physical-empirical model describing both known and unknown parts of the physics 

needed to model the observations

• Trained on one year of AMSR2 with ECMWF surface and atmospheric data

• The model defines and learns its own empirical model input space and daily maps of these inputs

• This potentially enables the use of large amounts of EO data in coupled DA previously not used at all



A few more details

RTTOV all-sky 

radiative 

transfer model

AMSR2 and 

GMI microwave 

imager 

observations

Neural network weights trained 

outside the IFS help describe the sea 

ice surface emissivity

Sea ice 

concentration and 

three empirical 

parameters 

representing the 

sea ice physical 

state are retrieved 

at observation 

locations

The atmosphere is also updated in 4D-Var 

and can be improved by observations over 

sea ice

Geer, A. J. (2024) https://doi.org/10.1029/2023MS004080 

https://doi.org/10.1029/2023MS004080


How well is it working?
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How much more data can be assimilated?
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This allows assimilation of observations 

over sea ice in both hemispheres – this is a 

large amount of data in the Arctic

Note this and next few slides are 

preliminary results from an uncoupled 

DA system, so may underestimate the 

full value of this approach



How different is the sea ice analysis? Example of rapid freezing 7th Nov 2020 

7

New retrieval from AMSR2 Current ECMWF (OCEAN5) Retrieved – OCEAN5

Difference 

in sea ice 

fraction

IFS estimate is delayed by up to about 48 hours due to a very long processing chain



How different is the sea ice analysis? Mean difference with OCEAN5 
analysis: Nov 2021 to Oct 2022
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• New analysis is up to 48 h more timely than OCEAN5 and has higher effective resolution (sharper features)

• OCEAN5 appears to underestimate Antarctic summer ice extent (positive differences near coast)



OK, but this is data assimilation for weather prediction: does this improve weather 
forecasts?
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Improved temperature 

forecasts over the Southern 

Ocean

Less clear in the Northern 

hemisphere



And do we get more impact in the coupled DA system?
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• With coupled assimilation of SIC we see additional positive forecast impact in both hemispheres (on top of 

impact in previous slide) propagating to lower latitudes at later forecast ranges

• Coupled framework also allows indirect validation through coupling – see SWH validating SIC changes below

Normalised change in the standard deviation of 

background departures, JJA 2022 & DJF 2022/23 

RMSE for 24, 48, 72 and 96 hour forecasts for 

JJA 2022 & DJF 2022/23. Hatching denotes 95% 

statistical significance

Altimeter Significant Wave Height fitVector Wind Verification 



Take home messages: new science to maximise return on investment in CIMR

• An empirical state method using ML developed enabling:

– Improved sea ice analysis

– Positive weather forecast impact

– L1 MW imager assimilation over sea ice used operational from ECMWF Cy49r1 (Autumn 2024)

– Coupled framework will be used operationally at ECMWF from Cycle 50r1 (Autumn 2025)

– Provides a great framework for CIMR! But does not have full frequency range yet

• Between now and CIMR launch the DANTEX activity will achieve:

– Extension of the emissivity model to L-band using SMAP and C-band using AMSR2, to cover all CIMR 

frequencies.

– Further updates to the emissivity model to include more physics (e.g., 2-layer, 2-stream physical representation 

of sea ice and snow scattering, allow inference of thickness, temperature, mass of the snow and ice layers, as 

well as just sea ice concentration)

– Synergies with CRISTAL assimilation in the coupled assimilation system.
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