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(some) Future evolutions of aerosol 
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I F S - C O M P O  f o r  C A M S

• IFS : ECMWF Integrated Forecasting System
• Used operationally for CAMS forecasts
• « Bulk-bin » approach :

• 3 bins for SS and DU
• Single tracer for other species

• Operational version since June 2023 : cycle 
48R1. Cycle 49R1 to be implemented on 
12/11/2024 (cf Mel’s talk)

• Short and mid term developments carried out 
by ECMWF and CAMS2_35 project

• Longer term developments are done in two
Horizon Europe projects:
• CAMEO (assimilation and uncertainties)

• CAMAERA (aerosol modelling)
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T i m e l i n e  f o r I F S - C O M P O  o p e r a t i o n a l c y c l e s

CY48R1 CY49R1

Planned for 
12 Nov 2024

CY50R1

Q4 2025 ?

CY??

Operational forecast system:

CY42R1: EAC4 CY49R2: EAC5 CY??: EAC6?

Early 2025
CAMS Reanalysis

Similar to 49R1, but:
- Online biogenic VOC emissions
- Updated inputs of EQSAM4Clim
- Scaling of anthropogenic emissions
- Weekly cycle of anthropogenic emissions
- Updated grib coding (grib2)
- careful optimization of DA aspects
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S c a l i n g o f  a n t h r o p o g e n i c e m i s s i o n s

• Global emissions are from CAMS_GLOB_ANT

• Use of simulated wet deposition over long 
periods of time to provide feedback to the
group that provides these emissions

• No data assimilation used

• Comparison versus CASTNET wet deposition
of SO2+SO4

Decreasing trend not well captured!
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S c a l i n g o f  a n t h r o p o g e n i c e m i s s i o n s

• Use of yearly scaling factors on anthropogenic
SO2 /NOx emissions over US and China. Over 
US, use of EPA2024 emissions as a reference

• Decreasing trend of SO2+SO4 wet deposition
better captured
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Simulated yearly SO2+SO4 wet deposition
over CASTNET stations (2003-2020)

Simulated yearly SO2+SO4 wet deposition
over CASTNET stations (2003-2020)
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T i m e l i n e  f o r c y c l e c o n t r i b u t i o n s f r o m C A M S 2 _ 3 5

CY50R1

Deadline: Sept 2024

CY51?

Deadline: Q3 2025 ?

CY52?

Contributions to operational forecast system:

CY50R1: Start off from 49R2 + 
include:
- 6 bins for dust
- Heat Degree Day (HDD) for

residential sector emissions
- Update het. chem in 

troposphere
- (optimized strato photolysis, 

not to be activated)
- Online sedimentation

velocity
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H D D  a p p r o a c h  f o r r e s i d e n t i a l s e c t o r  e m i s s i o n s

Approach adapted from Mc Norton et al (2023)
• Inputs are monthly sectoral anthropogenic

emissions (operationally used)
• Use of soil temperature at level 2 (7 to 28 

cm deep) as a proxy for daily mean
temperature

• Parameters used Tb=15.5°c, f=0.2

𝐻𝐷𝐷𝑐𝑙𝑖𝑚,𝑚𝑜 = ෍

𝑑=1/𝑚𝑜/2003

𝑑=31/𝑚𝑜/2022

max(𝑇𝑏 − 𝑇𝑠2 𝑑 , 1)

𝐻𝐷𝐷𝑡 = max(𝑇𝑏 − 𝑇𝑠2 𝑡 , 1)

𝐸𝑀𝐼𝑆𝑟𝑒𝑠,𝑡 = 𝐸𝑀𝐼𝑆𝑟𝑒𝑠,𝑚𝑜 ∗
𝐻𝐷𝐷𝑡 + 𝑓 ∗ 𝐻𝐷𝐷𝑐𝑙𝑖𝑚,𝑚𝑜

1 + 𝑓 𝐻𝐷𝐷𝑐𝑙𝑖𝑚,𝑚𝑜

McNorton, J., Agustí-Panareda, A., Arduini, G., Balsamo, G., Bousserez, N., Boussetta, S., et al. (2023). An urban scheme for the ECMWF 
Integrated forecasting system: Global forecasts and residential CO2 emissions. Journal of Advances in Modeling Earth Systems, 15, 
e2022MS003286. https://doi.org/10.1029/2022MS003286

https://doi.org/10.1029/2022MS003286
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H D D  a p p r o a c h  f o r r e s i d e n t i a l s e c t o r  e m i s s i o n s

• Evaluation over cold periods over 
Europe: here, February 2012

• Some correlation between
PM2.5/surface OM concentration and 
2m temperature

• HDD helps, but still some
processes/temperature dependent
emissions are missing
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T i m e l i n e  f o r c y c l e c o n t r i b u t i o n s f r o m C A M S 2 _ 3 5

CY50R1

Deadline: Sept 2024

CY51?

Deadline: Q3 2025 ?

CY52?

Contributions to operational forecast system:

CY50R1: Start off from 49R2 + 
include:
- 6 bins for dust
- Heat Degree Day (HDD) for

residential sector emissions
- Update het. chem in 

troposphere
- (optimized strato photolysis, 

not to be activated)
- Online sedimentation

velocity

CY51 (to be ready in Spring/autumn 2025)
- Weekly emis cycle depending on region
- Extended CHOCHO precursor chemistry
- Improved photolysis in stratosphere ?
- Halogen chem. in trop?
- New dust scheme from CAMAERA
- Updated SOA/Am/Nitrate growth factors
- Updated strato aerosols: second sulfate tracer 
- Use of aerosol info in strato het. chem
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S t r a t o s p h e r i c a e r o s o l  i n  I F S - C O M P O

Architecture of the stratospheric extension of IFS-AER and its coupling
with IFS(CBA) and IFS(CB05) in cycle 49R1, with existing and new
processes. Sedimentation is indicated as a new process because it has
been revisited.

Normalized volume size distribution of sulfate aerosols observed at 25km 
above Laramie (Wyoming, U.S.), from Deshler et al. (2003, 2019), in 
quiescent (left) and volcanic (right) conditions.

• A representation of the stratospheric
sulphur cycle has been introduced in 
cycle 49R1 (cf Mel’s talk)

• It is challenging to represent the 
diversity of stratospheric sulphate
features with a single tracer



Atmosphere
Monitoring

S t r a t o s p h e r i c a e r o s o l s :  w h a t n e x t ?

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IFS(CBA) 

Existing process 
New process 

SO2 

SO3 

Evaporation 

Nucleation/ 
condensation 

Conversion 

Sedimentation 

IFS(CB05) SO2 

Coarse mode 
Sulfate 

Coagulation 

Gaseous H2SO4 Fine mode 
Sulfate 

Sedimentation 

Architecture of the stratospheric extension of IFS-AER and its coupling
with IFS(CBA) and IFS(CB05) envisaged for cycle 51, with existing and
new processes.

• Tests with two tracers for sulfate : fine 
and coarse mode

• Implementation of simplified
monodisperse and polydisperse
coagulation processes to produce
coarse mode sulfate

• Possibility to expand to other species
in future

tracer Modal radius 
(μm)

Geometric standard 
deviation

Fine (existing) 0.11 1.6  

Coarse 0.35 1.2
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S t r a t o s p h e r i c a e r o s o l s :  w h a t n e x t ?

Tests with two sulfate tracers (fine and coarse mode). Evaluation of the impact of in 
terms of simulated surface area density (SAD)

June 1992, GloSSAC (black) and simulated by IFS (blue – one tracer, red, two tracers) SAD, averaged 
over the extra-tropical North Hemisphere (30-90°N, top) and the tropics (-30-30°, middle).
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S t r a t o s p h e r i c a e r o s o l s :  w h a t n e x t ?

IFS-COMPO : red – monodisperse coagulation only; blue, monodisperse and polydisperse coagulation

Tests with two sulfate tracers (fine and coarse mode). Evaluation of the impact of in 
terms of simulated size distribution

tracer Modal radius 
(μm)

Geometric standard 
deviation

Fine (existing) 0.11 1.6  

Coarse 0.35 1.2



Atmosphere
Monitoring

T i m e l i n e  f o r c y c l e c o n t r i b u t i o n s f r o m C A M S 2 _ 3 5
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Contributions to operational forecast system:

CY50R1: Start off from 49R2 + 
include:
- 6 bins for dust
- Heat Degree Day (HDD) for

residential sector emissions
- Update het. chem in 

troposphere
- (optimized strato photolysis, 

not to be activated)
- Online sedimentation

velocity

CY51 (to be ready in Spring/autumn 2025)
- Weekly emis cycle depending on region
- Extended CHOCHO precursor chemistry
- Improved photolysis in stratosphere ?
- Halogen chem. in trop?
- New dust scheme from CAMAERA
- Updated SOA/Am/Nitrate growth factors
- Updated strato aerosols: second sulfate tracer 
- Use of aerosol info in strato het. chem

CY52 (to be ready in Spring 
2026)
- ML for sea-salt aerosol 

emissions?
- Fungal spores?
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M a c h i n e  l e a r n i n g f o r S S  a e r o s o l  e m i s s i o n s

Example of daily map of whitecap fraction from Windsat
acquisition  

• Use of whitecap fraction as a 
proxy/observable for sea-salt aerosol
emissions

• Use of a two-year hourly whitecap
fraction dataset from remote sensing
(Anguelova et al 2019)

• Offline training of deep neural network 
(DNN) using meteorological and wave
parameters:
– Wind speed

– Wind direction

– SST

– Significant wave height

– Wave period

• Integration into IFS-COMPO using the 
ECMWF INFERO library
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M a c h i n e  l e a r n i n g f o r S S  a e r o s o l  e m i s s i o n s

• Use of whitecap fraction as a 
proxy/observable for sea-salt
aerosol emissions

• Use of a two-year hourly
whitecap fraction dataset from
remote sensing (Anguelova et 
al 2019)

• Offline training of deep neural 
network (DNN) using
meteorological and wave
parameters:
– Wind speed
– Wind direction
– SST
– Significant wave height
– Wave period

• Integration into IFS-COMPO 
using the ECMWF INFERO 
library

INFERO

Description of the Deep Neural Network (DNN) model architecture and pre- and post-
processing operations

Integration of the DNN model into IFS-COMPO with INFERO
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M a c h i n e  l e a r n i n g f o r S S  a e r o s o l  e m i s s i o n s

Evaluation of whitecap fraction simulated offline by various arithmetic/DNN/ML models

Simulated (y axis) versus retrieved (x axis) whitecap fraction
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M a c h i n e  l e a r n i n g f o r S S  a e r o s o l  e m i s s i o n s

Evaluation of impact of the use of a first version of the DNN in IFS-COMPO:
• Skill scores of simulated AOD are very close.
• Larger impact noted in simulated Na/Cl at surface versus EBAS observations.

Simulated and observed AOD at 500nm from the MAN network, daily values in 2017

REF With DNN
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L o n g e r t e r m  o u t l o o k :  I F S - C O M P O  e n s e m b l e

IFS-COMPO ensembles with 50
perturbed members are being tested in
the context of CAMEO, based on the
NWP IFS ensemble architecture.
Perturbations apply to a combination of :

• Meteorological initial conditions and
tendencies

• Atmospheric composition initial
conditions

• Anthropogenic/biogenic emissions of
aerosol/chemical species

• Desert-dust emissions specifics (size
distribution at emissions,
sand/silt/clay fraction)

Simulated PM10 by IFS-COMPO ensemble with all perturbations, base 
time 6/2/2021 0UTC, 24h forecast
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L o n g e r t e r m  o u t l o o k :  I F S - C O M P O  e n s e m b l e

Objectives :
• Quantify sources of uncertainty/errors
• Discriminate (as much as possible) between meterological/emissions/aerosol-

chemistry model errors
• Test the skill of an IFS-COMPO atmospheric composition ensemble

Simulated PM10 by IFS-COMPO ensemble with dust emissions 
only perturbations for February 2021; 120h forecast

Simulated PM2.5 by IFS-COMPO ensemble with all 
perturbations perturbations for February 2021; 120h forecast
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L o n g e r t e r m  o u t l o o k :  I F S - C O M P O  e n s e m b l e

Objectives :
• Quantify sources of

uncertainty/errors
• Discriminate (as much as

possible) between
meterological/emissions/aer
osol-chemistry model errors

• Test the skill of an IFS-
COMPO atmospheric
composition ensemble

RMSE versus own analysis of simulated AOD at 550nm by IFS-COMPO 
ensemble (meteorological perturbation only) over Europe, base time 

6/2/2021 0UTC
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Thank you!

VIIRS S3/SLSTR


