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DA for CMCC-REMHI division activities

Real-time integration of 
observations (in-situ and 

remote sensing) into NWP 
models to improve the 
accuracy of short-term 

monitoring, especially for 
extreme event analysis.

Assimilation of historical 
data from ground stations 

and satellite sensors to 
generate consistent, 

continuous, and 
high-resolution climate 

datasets.

Towards hybrid modelling 
and DA: integration of 

physical models, 
observations and ML; 

data-driven approaches 
for model enhancement 

and prediction.



DA in WRF model

WRF 3DVar - Cold Start Data Assimilation

Surface Observations
NCEP ADP PREBUFR

WRF First Guess 
WPS + real.exe

Background error covariance B
NMC method 

WRFVAR - 3DVar Analysis

Update of Initial Conditions

WRF Simulation 
First forecast of the cold-start DA cycle



➔ Particularly pronounced 
impact on the wind field over 
the Po Valley.
 

➔ For other meteorological 
variables, relying solely on 
NCEP station assimilation 
yields a limited effect due to 
low network density.

DA Impact in WRF model

➔ Integrating the HYRAD4CC dataset 
(approximately 5000 stations) leads to a 
clear and widespread performance gain 
across all variables. 

➔ These results underscore the critical 
importance of high-density spatial 
coverage for effective data assimilation.
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DA in ICON

➔ Implementing “Classical” Data Assimilation in ICON model in LAM configuration over Italy with a 
specific focus on Satellite Data class of observation

➔ Implementing a multi-branch Machine Learning framework to combine NWP, satellite and 
ground-station data, aimed at improving ICON's forecast accuracy      

Building on the group's experience with ICON within the COSMO consortium (and the positive results 
achieved with WRF), we started developing data assimilation activities on ICON in limited-area model 

configuration over Italy, focusing on two main activities:
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ICON model set-up

➔ Regional configuration, as a limited area model (LAM) 
covering the italian domain 

Model integration performed with:

➔ Horizontal resolution 2.2 km
➔ Hybrid Vertical Levels 65 
➔ Boundary Conditions ERA5

★ Convection-permitting configuration at kilometre scale
★ Explicit representation of high-impact weather processes

➔ Initial Conditions LeTKF/KENDA



DA in ICON - KENDA WORK IN 
PROGRESS

20 ensemble members: 

number to be tested - is it enough to reproduce 
variability for long periods and high resolution?  

3h assimilation cycle

OUR SET-UP: 

Observations:

➔ Satellite data (in collaboration with DWD and 
ARPAE)

➔ Exploring other data class assimilation, like 
SYNOP 
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● One of the most impactful observing 
systems for global NWP

● Limited (but growing) adoption in 
convection-permitting regional models

● Mainly needed to improve precipitation 
forecasting, but proven to have an impact 
also on humidity, temperature and wind 
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In collab 
with 

ARPAE 
and 

DWD

● See T. Gastaldo's presentation (ARPAE). 
Their results come from the use of operational 
configuration ARPAE runs for the national chain with 
ICON-2I: different boundaries, different time-step, 
plus other classes of obs assimilated.

● However, the implementation is being carried out in 
collaboration, and as soon as possible we will also 
run it on our own machines, to test the more 
scientific/research-oriented impact it could have on 
REHMI's activities (e.g. on historical 
periods/reanalysis?).
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Future Developments: 
Infrared Sounder

IRS-MTG
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WORK IN 
PROGRESS

20 ensemble members: 

number to be tested - is it enough to reproduce 
variability for long periods and high resolution?  

3h assimilation cycle

OUR SET-UP: 

Planning to explore, with 
researce pourposes only, other 
classes of observations, like 

SYNOP data
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Observations:

➔ Satellite data (in collaboration with DWD and 
ARPAE)

➔ Exploring other data class assimilation, 
like SYNOP 



DA-ICON: technical implementation 

HPC 
environment 

set-up

Workflow 
deployment

nwprun:
wrapper for ecFlow

ecFlow: ECMWF job 
manager

arkimet: to arkive and 
handle observations/output

Compiling 
satellite data 

pre-processor*
(provided by DWD)

Technical pipeline

Ready 
to run

*SAT_PP compiled and functioning for 
MHS, still ongoing compilation with HRIT 

for SEVIRI



Take Home - “Classical DA” 

➔ Technical environment for assimilation over Italy set-up - independent experiments are about to start

➔ SAT_PP working for MHS; compilation for SEVIRI to be solved

MAIN FOCUS ON SATELLITE DATA
➔ MHS assimilation has already shown encouraging results through our collaboration with ARPAE 

- the next step is running it in our own environment, and then extending to SEVIRI

➔ Active collaboration with ARPAE, ongoing exchange with DWD 
- moving faster by building on each other's work
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end2end framework

The 
framework is 
modular.

With proper 
pre-processin
g, it can be 
used with 
ICON, 
COSMO and 
WRF.

A 
model-based 
retrain is 
needed.



Data Sources

NWP EO Ground Stations

NOAA ISD
MSG SEVIRIICON/WRF/COSMO



AI4NWPDA

➔ The model is modified 
and custom U-Net.

➔ The model can 
accommodate 
heterogeneous data via 
multi-branching.

The structure is 
configurable, for now it 
includes the NWP and 
EO branch.

➔ Initial tests are on T2M, 
but this can be changed 
with config file.



Results

NWP RMSE base RMSE 

AI4NWPDA

Δ RMSE % MAE base MAE 

AI4NWPDA

Δ MAE % Bias base Bias 

AI4NWPDA

Δ Bias (K)ᵃ

ICON 2.233 1.465 -34.4% 1.658 1.071 -35.4% +0.377 +0.015 -0.362

COSMO 2.850 1.750 -38.6% 2.212 1.304 -41.0% +0.924 +0.130 -0.794

WRF 2.814 1.855 -34.1% 2.148 1.381 -35.7% +0.338 +0.022 -0.316

● Performance 
measured 
against the 
stations

● The 3 models 
have been 
tested and 
results are 
encouraging

● Next important 
step, 
multivariate 
approach 



Conclusions and future directions 

Add more aux data 
(e.g. doy, encode time)

Physics Loss
(e.g. orography and seasonal 

weighting or classic DA 
oriented)

Multivariate NWP Input
(e.g. t2m, humidity)

Test resilience w.r.t. missing 
sources

Attention Mechanism on 
U-net bottleneck

(adaptive weighting of EO 
and NWP)

Expand the training period

Run a proper 
hyperparameters serach

Add other sources to be 
assimilated

Drafting a paper
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