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CAMAERA(Copernicus Atmosphere Monitoring Service 

AERosol Advancement)

camaera-project.eu
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General

CAMAERA
WP5-6 Online emissions and deposition, implementation; Online 

emissions and deposition, test and evaluation

WP5 is led by Mikhail Sofiev (FMI) and Samuel Remy (HYGEOS, project coordinator) 

Task 5.1 – Development of new desert dust and sea-salt aerosol emission schemes (lead FMI/HYGEOS contributors METNorway

● Machine learning approach for sea-salt aerosol emissions in the IFS with possible use in regional models 

● Sea-salt aerosol emission schemes based on recent chamber experiments with possible use in regional models 

● Implementation into the IFS and SILAM of a scheme that represents high latitude dust 

● Development of a gridded version of the NORTRIP road dust emissions scheme and implementation into EMEP, EURAD-IM and 

LOTOS 

Task 5.2 – Interactive ammonia emissions (lead FMI contributors FZJ) 

● Implementation of FANv2 in SILAM, evaluation against regional inventories of ammonia emissions 

● Collection of activity data as an input to FANv2 

Task 5.3 – Dry deposition (lead TNO/HYGEOS, contributors FMI, SMHI, ENEA)

● 0D dry deposition intercomparison and evaluation with ground observations over different surfaces. Participant models are IFS, LOTOS-

EUROS, GEM-AQ, SILAM, MATCH, MINNI.

● Extension of the dry deposition scheme of LOTOS-EUROS 

WP6 is led by Mikhaïl Sofiev (FMI) and Samuel Remy (HYGEOS, project coordinator) 

Task 6.1 – Development of new desert dust and sea-salt aerosol emission schemes (lead FMI/HYGEOS contributors MF) 

● Machine learning approach for global desert dust aerosol emissions 

● Implementation of the newly developed sea-salt and desert dust emission schemes into MOCAGE 

● Improvement and evaluation of the Fire Forecasting System, implementation into SILAM and the IFS; evaluation on simulated AOD and 

PM particularly focusing on specific fire events 

Task 6.2 – Interactive ammonia emissions (lead FMI contributors FZJ) 

● Implementation of the crop specific management profiles 

● Extension of the process model used to simulate emission reductions from tillage and other practices that incorporate the fertilizer to the 

soil matric 

● Implementation of FANv2 in IFS and EURAD-IM, evaluation against regional inventories of ammonia emissions 

● Evaluation of the impact of FANv2 ammonia emissions on global and regionally simulated PM2.5, ammonium aerosol at surface, 

ammonia burden against CrIS retrievals and on nitrogen deposition fluxes 

 Task 6.3 – Dry deposition (lead TNO/HYGEOS, contributors FMI, SMHI, ENEA)

 Implementation and test of the LOTOS-EUROS dry deposition scheme into the IFS

 Update of the 0D dry deposition intercomparison
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Model description: Pleim and Ran (2011) – PR11
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CAMAERA
- 0D dry deposition intercomparison and evaluation with ground 

observations over different surfaces-

(Pleim et al. 2022)
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Z01 in CAMAERA

6
Titolo della presentazione - luogo - data (piè pagina - vedi istruzioni per visualizzazione in 

tutta la presentazione) 
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CAMAERA
WP9 Consistency between regional and global: intercomparison
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WP9 is led by Jacek Kaminski (IOS-PIB) and Samuel Rémy (HYGEOS, project 

coordinator) 

Task 9.1 – Intercomparison regional/global using similar or equivalent emissions 

(lead HYGEOS, contributor IOS-PIB) 

● Merge regional emissions into global so as to run the global system with emissions 

that are comparable to those of the regional systems 

● Comparison of the simulated fields by the regional and global systems, evaluation 

against observational datasets

● Evaluation of regional and global simulations of the intercomparison using remote 

sensing products such as AOD and tropospheric columns, depending on the relevance.
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CAMEO (CAMs EvOlution) 

www.cameo-project.eu
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CAMEO – WP3 Enhancement of Satellite Data Assimilation in regional CAMS models

T3.1 Assimilation of Sentinel 5p TROPOMI products (INERIS, FMI, AU, ENEA, FZJ, SMHI, IOS-PIB)

• Task 3.1.1: Assimilation of TROPOMI SO2 in CAMS2_40 Regional Models. All seven

teams contributing to Task 1 will assess the added value of assimilating SO2. The

assessment will include a sensitivity to the choice of the selected retrieval. The

development will be strongly dependent on the individual assimilation techniques

in the 7 models participating in Task 1. The coordination will focus on designing

consistent numerical plans in the selection of retrieval products and evaluation

procedure to demonstrate the added value for the air quality system as a whole.

• Task 3.1.2: Assimilation of TROPOMI CO, O3, HCHO in CAMS2_40 Regional Models.

Selected teams will assess the feasibility and added value of assimilating additional

gaseous species.



General

Data Assimilation

-assimilation of measurements at stations-
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Data assimilation refers to a

large group of methods that

update information from

numerical computer models with

information from observations.

Data assimilation is used to

update model states, model

trajectories over time, model

parameters, and combinations

thereof.

(Wikipedia)
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Data Assimilation

-measurements at stations and satellite data-
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(Adani and Uboldi, 2023)
S5P SO2 COBRA
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CSO - CAMS Satellite Operator

Tools for assimilation of satellite data in regional air quality model.

Aarjo Segers (https://ci.tno.nl/gitlab/cams/cso)

Observation operator SO2-COBRA (T3.1.1 CAMEO)
A model simulated column is :  �� ����  �  	 
� ���,�

�
 �� is the local model apriori profile

 A is the averaging kernel defined on the a priori layers

 H is the horizontal and vertical mapping operator from

model grid to layers to a priori layers

 Possible benefit of using Air Mass Factor (AMF) as reported in

the PUM and Duros et al 2023 (https://doi.org/10.5194/gmd-

16-509-2023)

 AMF : ratio between optical thickness of vertical and slant

vertical column. By default, AMF are provided with TM5

apriori profile.

Alternative AMF is defined by:

��∗ ����  �  ���� � ∑ 
� ���,�� /
 ∑ ���,��

 �� is the apriori TM5 profile

 �� is the local model apriori profile

 ���� ) is the TM5 airmass factor

 A is the averaging kernel defined on the a

priori layers

 H is the horizontal and vertical mapping

operator from model grid to layers to a priori

layers

Courtesy of Gaël Descombes (INERIS) 
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Data Assimilation:
Optimal Interpolation (OI) and Ensemble Adjustment Kalman Filter (EnAKF)

OI: the background error covariance

matrix is stationary

EnAKF: the background error covariance

evolves with the model dynamics

It is a static, variance-minimizing method that 

updates the state estimate using a weighted average 

of observations and model forecasts.

The weights are determined based on a predefined 

covariance matrix, which does not evolve 

dynamically.

OI assumes stationary error statistics, meaning it 

does not adapt to time-varying uncertainties in the 

system.

Computationally efficient since it uses a 

precomputed covariance matrix.

Often used in operational weather forecasting 

where computational efficiency is key.

It is an ensemble-based, sequential assimilation 

method that updates model states using a 

dynamically evolving estimate of error covariances.

Unlike OI, it does not require an explicit model for 

error covariances; instead, it estimates them from 

the ensemble of model states.

EAKF accounts for nonlinear and time-dependent 

error growth, making it more suitable for highly 

dynamic systems.

More computationally expensive because it requires 

running and updating an ensemble of forecasts.

Widely used in modern atmospheric and ocean data 

assimilation systems (e.g., for climate reanalysis and 

numerical weather prediction) due to its ability to 

handle complex error structures.
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MINNI simulation setup over Europe: August 2023

0.15 x 0.1 lat/lonresolution

468x421number grid points

17number of vertical levels

11790mtop of domain

12 UTC IFS, 1 hrlymeteorological driver

CAMS globalboundary conditions

EmissionInventories6.1.1_year2022(operational

end of 2024)

Emission inventory
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OI setup

Optimal Interpolation

Background Error Covariance Matrix (B) computed with NMC (Parrish and Derber, 1992)  for 

48h-0h forecast (D0 and D-2) using log concentration

B annual (average of monthly B), static

Negative values are not considered

Satellite data assimilated only if they are two times higher than their St.Dev

Observational Error Covariance Matrix (R) extracted from satellite data

B and R are diagonal: variance and correlation scales are handled separately
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SO2 COBRA dataset 

assimilation with OI
:
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SO2 COBRA dataset assimilation with OI
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NO2 dataset assimilation with OI
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EnAKF-DART implementation in MINNI
Ensemble Adjustment Kalman Filter (EnAKF)

Ensemble Adjustment Kalman Filter

EnAKF provides a deterministic update of 

the forecast ensemble (ensemble square

root filters)

True state / background covariance matrix:

� →  ∞
� usual range : 15 -100

� low:

- sampling noise, off-diagonal terms in ��
�

- Filter divergence due to insufficient

variance

Sampling noise mitigation: covariance

localization function (smooth-off) to avoid

spurious long-range correlations / lost of far 

flow dependency structures

Filter divergence: inflation techniques

Quantile conserving Ensemble Filtering 

framework (QCEFF)

��� � ��
� � �� �� � ����

� �� � ��
���� ����

��� � ��
� 

��! � 1
� 	 ��

� #
�

#$ 
%�� � ��

� # � ��! ,  %�� �  %��  … . %�� � ∈ �)*�

�� + 1
� � 1 %��%���

Analysis equation Kalman Gain

EnKFl: Replacement large covariance matrices with 

ensemble statistics

The forecast error 

covariance matrix ��
can be approximated as

[1] Welcome to the Data Assimilation Research 

Testbed — DART 11.10.6 documentation
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EnAKF-DART: Perturbations

• Adds noise to emissions while maintaining user-defined vertical/horizontal correlation. 

• Prevent ensemble collapse (zero spread) by fine-tuning parameters (horiz/vert/spread). 

• Well-suited for correcting concentration fields influenced by emissions. 

• No inclusion of volcanic emissions

• Emission ensemble mean centered on reference base case

Left: Mean sulfur dioxide (SO₂) emissions from the ensemble. Right: Ensemble spread 

(uncertainty) in SO₂ emissions. Datetime: 2023-08-13 13:00 
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FARM-DART
Implementation and performances
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CRESCO6 HPC, Intel Xeon Platinum 8160 CPUs with 48 cores 

per node (24 cores per socket, 2 sockets).

720 cores
720 cores

720 cores

20 cores

20 cores

20 cores
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EnAKF-DART results –

August 2023 (obs space)

Averaged difference between Posterior and Prior ensemble means Relative difference between posterior and prior ensemble spread over Europe
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EnAKF-DART results – August 2023 (model space)

Averaged difference between Posterior 

and Prior ensemble means

Small corrections possibly due to:

- Insufficient spread from perturbations

- Lack of volcanic emissions 
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Sensitivity analysis:  emission perturbations

Changing perturbation -> redefinition of background error 

covariance matrix

Titolo della presentazione - luogo - data (piè pagina - vedi istruzioni per visualizzazione in 

tutta la presentazione) 

Perturbations 

centered on 

basecase

Perturbations 

not centered on 

basecasePerturbations 

not centered 

on basecase
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Results: emission perturbations
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Observation space

Model Space (level 20 m)

Corrections to ground level
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Summary and future plans

-SO2 satellite data assimilation with OI makes “visible” Etna plume more than EnAKF-DART with 

current setup

-HCHO, CO and O3 satellite data will be assimilated with OI and at least one pollutant with EnAKF-

DART

-study the sensitivity of OI results to background error covariance matrix specification

-study the sensitivity of SO2 results with EnAKF-DART to perturbation parameters and prior inflation

-study if EnAKF-DART performances improves when SO2 Etna emissions will be included
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EGU 2025
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EGU 2025


