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Aerosols at ECWMF

The CAMS team works on th
aerosol forecast production,
but aerosols also form part of
the research done by other
scientists at ECMWH

CAMS

Johannes
Flemming
Team Leader

Reactive Gas & Cathy Wing Yi Li
Aerosol Aspects Evaluation

X

/ sty b,
Angela Benedetti o
Infrared Team Leader Mark Fielding

CAMEO WP lead for EarthCAREloud and
radiance assimilation aerosol assimilation lead

— CAMS2_35

Y & '." 5
},. 7y :

Melanie Ades Enza Di Tomaso Michael Kahnert
Aerosol DA Aerosol DA Lidar/ceilometer
Background errors AODObsupdates assimilation Will McL S 1Q da Rui
L : L . : il McLean amuel Quesada Ruiz
Samuel Remy Thierry Elias Stel.ios . Dust assimilation  GFAS fire aSSIm”atlor.DUSt mversmq EarthCare Aerosol radiance
Aerosol model Aerosol model  Myriokefalitakis - backscatter assimilation (CAMEO)
developments developments ~ Organic aerosol assimilation )

CAMA B\ modellng

:

‘:
Philipp Weiss Jeronimo Mark Parrington - \
Modelling with Escribano Outreach/event 3
: - _ focus on Aerosols Aerosol DA monitoring Kirsti Salonen Peter Hill
RoseCloé Meyer ~ Maxime Farin  Swen Metzger 3MI assimilation ~ Fire assimilation Aeolus assimilation Radiation
Aerosol model Aerosol model - EQSAMACIIm Roberto Ribas, Chris Kelly, Emmanuele Russo and others z
developments developments




IFS -COMPOQO Aerosol Forecasting and Assimilation

Anthropogenicand
Biogenicaerosol
emissions

Biomassurning
emissionfrom
GFAS

Speciatedaerosoloptical
properties(mass extinction,
SSAAsymparametel
computedoffline with Mie
code

12hr assimilation AOD observations
window AD-Var
Satellite AOD 5-Dayforecasts twice a day
Var BC Reanalysis
IFS (COMPO) IFS output
CB0O5/BASCOE
Wind, T, precip Aerosoltracers
SN massmixing
ratio (kg/kg)
AER
A OnlineemissiongDU/SS) RADIATION Aerosoldiagnostics:
A Deposition A AOD/PM
A Conversion4ging A Extinction profiles
A Depositiorfluxes

A o X0
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IFS -COMPO Aerosol Model

A

o To Io Do Do

8 species considered:

| Desert dust (DD): 3 tracers

Seasalt aerosol (SS): 3 tracers

Organic Matter (OM): 2 tracers

Black carbon (BC): 2 tracers

Sulfate(SO4) + precursor SO2 when running uncoupled from chemistry
Nitrate: 2 tracers (from gas/particle partitioning, and from het. reactions)
Ammonium: 1 tracer

SOA: 2 tracers (biogenic and anthropogénic

Bulk/bin approach : bulk for OM/BC/SO4, 3 size bins for SS/DD
For OM and BC, hydrophobic (fresh) and hydrophilic (aged) components are considered
All species (apart from hydrophobic OM/BC) subject to hydroscopic growth/hydrophilic

16 tracers representing dry aerosol mass mixing rexmept for seasalt aerosol: mass mixing
ratio at 80% RH

Assimilation minimises based oricdal aerosol variableand AOD observations. The calculated
iIncrement is redistributed back into the 16 tracers based on their proportions in the first guess
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CY50R1 released 12 ™ May 2026

Q22026 042026, thc
EEZTD > CYS1R1 )
CY50R1:

- New anthropogenic emissions (CAIGEOBANT M1)
with regional inventories for NortAmerica, Europe
and Chinanerged (Edgar 6.2 elsewhere)

- Online BVOC emissions

- Weekly cycle in anthropogenic emissions

- Update het. chem in troposphere

- Sedimentation velocity from Stokes formula

- Updated SOA/Am/Nitrate growth factors

Thanks to Samuel Remy ?
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Model HCHO

Online BVOC

- ECLand
> —>
<

bio isoprene South_America HCHO column density [10'> molec/cm?]

***** BRI N R EUR N B TF I T
Jan - Dec ] 00 05 1.0 20 30 50 70 10. 15 20. 30. 40.

0.20 IFS-MEGAN-48r1 )
CAMS_GLOB_BIO v3.1 _

A CY50R1: activation of MEGAN v2.1, as implement&Clrangdto
replace BVOC emission climatology

A Allows simulation of variability in emissions due to meteorological
and vegetation changes

000 . s e . A Impact on HCHO, Ozone, SOA, in particular its simulated variability

0 10 200 300
days since 1 Jan

Thanks to Samuel Remy °
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Updates to heterogeneous reactions

A CY50R1: The modeling of heterogeneous reactions of trace gases on aerosol, cloud
droplets and ice particles has been reviewed.
A This now includes reactions involving trace gases:
A HO2, H202, N205, and HONO
A One of the net impacts is a reduction of H202, which reduces the sulfate formation in
clouds. This leads toraductionin sulphate during summertime, improving MB and
RMSE when evaluated against CASToWSover the US:

N . Reference | bie - Update | bias
bias=1.023 bias=0.634
200 rmse=1,979 200 p a e rmse=1.400

r=0.51 r=0.51
18

. ) . {
I T B C R Thanks to Samuel Remy
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Total Aerosol Optical Depth
01 Jun 2025 00:00 UTC

(opemicys (=
Current AOD satellite usage In IFS
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o CSECMWF

Atmosphere
Monitoring Service

atmosphere.copernicus.eu

e g ECMWFF

-COMPO

EOSTerra/MODIS

Metop-C/PMAp

EOSAqua/MODIS

Metop-B/PMAp

SNPPNIIRS Sentinel3A/SLSTF

NOAA20/VIIRS Sentinel3B/SLSTH

Illl AN

S3 AOD retrievals are assimilated (over ocea
in IFSCOMPO since CY50R1

A retrievals filtered for best quality (QI 2,3):
A product spatially aggregated to better match retrievals (9.5

km) & model (~40 km) resolution;

A assimilated obs bias corrected within a variational assimilation

procedure (NOAA-20 VIIRS anchor). 3
Thanks to Enza Di Tomaso
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Current AOD satellite usage In IFS -COMPO
ort Summ(?r 2025\ ; ;\\

AR

- av(_biascorr[5019_0] == avg_biascorr[0001_5020_0] =a= avq_biascor{0080_5072_0) Bias correction
= avg_biascorr{00B0_5082 0] mae 3] biascorr[00B0_5083 0] = avg_biascorr{00BO_5086_0]

= gyve)_biascorr0080_5090_0] waes gy _biascorr[0080_5091_0]
0.02 4 PMAP-C
0.02 — Terra
0.01 - PMAP-B
0.01 SNPP - TINSEST:
Aqua
0.00 = S3-B
7 NOAA-20 (EISIRSYN:
14 S3-A

DI M\UU V A C

in IFSCOMPO since CY50R1

A retrievals filtered for best quality (QI 2,3);
A product spatially aggregated to better match retrievals (9.5
km) & model (~40 km) resolution;

rred (Over ocea

Total Aerosol Optical Depth o ] T o o
01 Jun 2025 00:00 UTC A assimilated obs bias corrected within a variational assimilation

PROGRAMME OF

e 1 3 PROGRAWMEOF @) ermicus s procedure (NOAA-20 VIIRS anchor). _ 9
I Thanks to Enza Di Tomaso
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Observation system experiments with Sentinel -3

Denial experiment S3+MetOp retrievalnly Oper. configuration

MODIS Terra and Aqua
No AOD assimilation SLSTR S¥B over landand ocean VIIRS SNPP and NOZA
PMAP MetopB/C over ocean SLSTR S¥B over ocean

PMAP MetopB/C over ocean

Bias correction with no anchor Bias correct with N20 anchor
Winter period: Dec 202Eeb 2023
Summer period: JurAug 2023

Thanks to Enza Di Tomaég
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Denial exp. vs

wison of igh8_aeronet_1.5_anlday, iobs_aeronet_1.5_anlday & ioch_aeronet_1.5_anlday and L1.5 Aeronet AOT at Sarison of igh8_aeronet_1.5_anlday, iobs_aeronet_1.5_anlday & ioch_aeronet_1.5_anlday and L1.5 Aeronet AOT at Skrison of igh8_aeronet_1.5_anlday, iobs_aeronet_1.5_anlday & ioch_aeronet_1.5_anlday and L1.5 Aeronet AOT at 500ni

KAUST_Campus (22.30°N, 39.10°E).
Jun - Aug 2023. Daily means using 00,06,12,18Z, T+0 to 0. Ver0OD 12.14.12.

@ L1.5Aeronet — igb8_aeronet_1.5_anlday - iobs_aeronet_1.5_anlday — ioch_aeronet_1.5_anlday
2

o KAUST_Campus

16

1.4

12

1
08
0.6
0.4

0.2
0

Jun Jul Aug

wison of igh8_aeronet_1.5_anlday, iobs_aeronet_1.5_anlday & ioch_aeronet_1.5_anlday and L1.5 Aeronet AOT at 500narison of iqh8_aeronet_1.5_anlday, iobs_aeronet_1.5_anlday & ioch_aeronet_1.5_anlday and L1.5 Aeronet AOT at 500n rison of igh8_aeronet_1.5_anlday, iobs_aeronet_1.5_anlday & ioch_aeronet_15_anlday and L1.5 Aeronet AGT at 500nI

Zinder_Airport (13.78°N, 8.99°E).
Jun - Aug 2023. Daily means using 00,06,12,18Z, T+0 to 0. Ver0D 12.14.12.
@ L1.5 Aeronet — igh8_aeronet_1.5_anlday —— iobs_aeronet_1.5_anlday —— ioch_aeronet 1.5 anlday
2

18

Zinder_Airport

16
14
12

1
0.8
0.6
04

0.2
0

Dust-dominated station

oo ESECMWE

Grand_Forks (47.91°N, 97.33°W).
Jun - Aug 2023. Daily means using 00,06,12,18Z, T+0 to 0. Ver0D 12.14.12.

® L1.5Aeronet — igbB_aeronet_15_anlday —— iobs_aeronet_1.5_anlday —— ioch_aeronet_1.5_anlday

18
16
14
12

1
0.8
0.6

Grand_Forks

Dalanzadgad (43.58°N, 104.42°E).
Jun - Aug 2023. Daily means using 00,06,12,18Z, T+0 to 0. Ver0D 12.14.12.

@ L1.5 Aeronet — igh8_aeronet_1.5_anlday —— iobs_aeronet_1.5_anlday —— ioch_aeronet 1.5 anlday

1
0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1
0

Dalanzadgad

3+MetOp -only vs Oper. configuration

Ascension_lsland (7.98°S, 14.41°W).
Jun - Aug 2023. Daily means using 00,06,12,18Z, T+0 to 0. Ver0D 12.14.12.

® L1.5 Aeronet — iqbB_aeronet_1.5_anlday —— iobs_aeronet_1.5_anlday —— ioch_aeronet_1.5_anlday

2
18

1.6
1.4
12

1

Ascension_Island

08

0.6

04

0.2

0 T T T T — T T T — T T T
1 5 10 15 20 25 1 5 10 15 20 25 1 5 10 15 20 25
Jun Jul Aug

San_Cristobal_USFQ (0.90°S, 89.61°W).
Jun - Aug 2023. Daily means using 00,06,12,18Z, T+0 to 0. Ver0OD 12.14.12.
@ L1.5 Aeronet — igb8_aeronet_1.5_anlday - iobs_aeronet_1.5_anlday - ioch_aeronet_1.5_anlday
1

09

San_Cristobal

07

06
0.5
0.4
0.3
0.2

01
0

1 5 10 15 20 25 1 5 10 15 20 25 1 5 10 15 20 25
Jun Jul Aug

(Coastal station

11
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Fire emissions monitoring in CAMS: Global Fire
Assimilation System (GFAS)

s Data: GFAS/Global atmospheric composition forecast
0 1 J A N U A RY k. Aar == ¥ Surface Map: Sentinel-3/ERAS-Land
202 5 ga 3 B W S 5 Credit: CAMS/ECMWF
- ; o E e ¢ ; N v o :
= ) - 7 5, N . X

Terra/MODIS
« Aqua/MODIS

Active in GFAS 1.4.2 (used by cy50rl) and ba
on CAMS2_64 bis (NILU/KCL/IPMA) dev

together with new
+
SNPPNVIIRS spurious signal mas

IFSCOMPO forecast compared to AERONET retrievals

Comparison of iowl_aeronet_1.5_felday & iovu_aeronet_1.5_fclday and L1.5 Aeronet AQOT at 500nm over
Sakeji_School (11.23°S, 24.31°E).
1 Jun - 16 Jul 2024. Daily means using 00Z, T+3 to 24. Ver0D 12.14.5
L1.5 Aeronet  — iowl_aeronet_1.5_fclday — iovu_aeronet_1.5_fclday

1
09{ GFAS 1.4.1 (MODiBly)
08{ GFAS 1.4.2 (MODIS + VIIRS)

0.7

I TR AT Y A

A ,\ \
https://atmosphere.copernicus. ¢2025-seesintensewildfire-yearnorthern-hemisphere oa] N\ A / A/ / U\ /\ v
o /\/\/ w |

Thanks to Enza Di Tomaso AP AsarasArA asarnssasanSsas oS ArAs dsnpannsali

Jun Jul
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Validation report

A The aerosol composition in Cy50R1 has changed £ o ¥ ‘“K T
substantially compared to Cy49Rdcreasesn optical _ “’w-—*""‘ S
depth are seen for sea salt, black carbon, while
decreasesre seen in sulphate, ammonium, organic
matter. Nitrate is more scattered in 50R1 and less
concentrated around pollution sources than in 49R1.
Dust performs overall very similar.

nra"s Fe. I F JIRFGRL - M '“rn SeaSaItu ns '.-*’-,.l._lITF jln.-' T4 ".Im.-"l:l.'-'
o ¥ L g 3

A Desplte these composition changes we find that chang@@Rf i
in the scores for total AOD and the Angstrom Exponent .. oot - oo oo
are not very large, and both small improvements and g | | | ~>-ﬁ-—*-“-~=—=~ o

degradations are observed. N
04550524 COUTT Jund32d - Uowit2s Sulp hat@* Geud OSLITZ Jur20id -hev2d2s
= TS -

A For surface PM, 50R1 underestimates PM10 more and "‘1 : "‘E_ -
overestimates PM2.5 less (globally). Scores have P e
generally improved for PM, notably over Chile, which % A
previously exhibited a strong underestimation. o

Thanks to Antje Inness and the CAMS2_82 team |

13
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Model updates  for IFS-COMPO CY51R1

Q22027, thc 2028

D’ > CY51R1 > CY52R1

CY51R1 Candidates

- Activation of inversion for NOx and CO

- HDD modulation of residential sector emissions
- 6 bin dust scheme

- New dust scheme from CAMAERA

- Updated aerosol dry deposition

- Updated aerosol optics (desert dust)

- Updated VOC chemistry

- Update to E4C input

- Improved photolysis in stratosphere

- coupling of aerosol SAD in strato het. chem

Thanks to Samuel Remy 15
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odust packagebd

A 6 bins for dust scheme : size bins defined as (in radius,
micron) :

0.037 0.5

057 0.9

0971 25

2515

57 10

1071 20

To To Do Do Do Do

A New dust emission scheme from CAMAERA, adapted from
SILAM dust emission scheme:

A Threshold velocity for dust emissions from a fusion
approach combining remote sensing (as in Pu et al
2020) and ground observations of present weather :
Chong et al (2026, ESSD)

A Use of a specific surface roughness input from remote
sensing

A Further tuned/optimized for high latitude dust

A Dry deposition (for all particles) from Pleim et al (2022)
Thanks to Samuel Remy

mmmmmmmmmmmm CSECMWF

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

pr opowhatdsit? or

Distribution of emissions into dust bins

new 3 hins new 6 bins

binl ®bin2 ®bin3

Distribution of mass into dust bins

bin4 ®mbin5 ®bin6

new 3 bins new 6 bins

binl ®Mbin2 = bin3

bin4 ®mbin5 | bin6

5

16
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Aerosol optics In IFS -COMPO

A Mass extinction, SSA, Asymmetry
parameter, lidar ratio at 338 wavelengths
computed offline with Mie code as a
function of :

A Complex refractive index
A Assumed size distribution
A Hydrophilic growth

A density

A For desert dust optics, asphericity scaling
factors computed with MOP-SMAP

Thanks to Samuel Remy

Refractive index
Size distribution

Growth factor (RH dependent)

|

Offline
Mie code

/ IFS

4 AER | airdenty

|
)

Mass extinction

554

Asymmetry pgrameter

Lidar ratio

N

W
Aerosol optical depth
Extinction profile

Etc.
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Aerosol optics In IFS -COMPO

A Too low SSA at visible wavelengths over deserts
A Developing low bias in SSA over visible wavelengths

0079 06_2024_levl.5 ssa440

SSA at 440nm

9080 06_2024_levl.5 ssa440

50°N

50°N
40°N 40°N |«
30°N 30°N
20°N 20°N e 3
10°N 10°N :' - Y | - O
0° s : - :
10°S

10°S
20°s
30°S
40°S

20°S

© 0001 9080
bias=-0.00 305 bias=-0.01
rmse=0.050 60°S rmse=0.051
r=0.37 r=0.36

L i

D°W 10°F0°EQ°E0°$)°60°F0°§0°#0 1P OPFOFFOPEAME0PROFGOPEOIBO0® 1807 0RG0PYUPAUrYOEYUE VORYO I §0°V0 60 °50 °40°50°F0°¥0°W 10°F0°HO0°E0 D 60 °FO°&(

CY4oRl | NS wee oSS CYSO0RL .. -

080 082 084 086 088 090 092 094 096 0.98
SSA Bossi °

0.75

—— Thanks to Samuel Remy ol

0.70 0.75 0.80 0.85 0.90 0.95

0.70 0.75 0.80 0.85 0.90 0.95
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Next steps

A Desert dust optics update
proposed, improves nicely
SSA/AAQOD in visible

A Worked as well on BC/OM => not
fully conclusive

A For the IR, there is still a large bias :

: : : East Asia;..
A Coarse particles (including fungal .
spores) have more impact on IR

SSA/AAOD
A Improving IR SSA/AAOD will be
one objective of the future work on Desert |
implementing coarse mode sites . |
carbonaceous aerosols ) 440NNy, -
—— DUBO2 Revised AN
— ref Cu rr_ent DB17 optics Figure 10. Monthly average of collocated simulated and retrieved SSA at 440nm (left) and 1020nm
f Bbi optics (right), averaged over the globe (top), Europe (middle top), East Asia (middle bottom) and a desert
re INs DU BOZ_R]'S region spanning Sahara and Middle East (bottom). Ref (red), REF6BINS (blue), DUBOZ2 (green), DB17
DUB02 OPER (pink), DUBO2 R18 ( ) and DUB02_OPER (gray).
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Observation research

Currently, CAMS uses a 4DVar assimilation system to calculate ar

Total aerosol increment in total aerosol mass mixing ratio at each model level

increment
mi1

Total aerosol

increment
ml2
AOD 550nm

Obs Total aerosol

increment
mi3

X

Total aerosol

increment
mi136

Total aerosol

increment
ml137 20
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Observation research

AOD 550nm
Obs

Total aerosol
increment

Total aerosol
increment

Total aerosol
increment

X

Total aerosol
increment

Total aerosol
increment

vvvvvvvvvvvvv CCECMWF

7/

Currently, CAMS uses a 4DVar assimilation system to calculate ar
increment in total aerosol mass mixing ratio at each model level

A{AYyOS 6S R2y Qi OdzNNByifte |
mi1 vertical distribution of the analysis increment is partly

controlled by the background errors

42r1 wavel et ipropos ed) single obs incr T159 ml 137

mi2 : &;/
mi3
Single AObs
experiment
ml136
ml137

42r1 wavelat ipropesed) single obs ircr T152

10 -8 & <5 -4 <3 2 «10%020101020% 1 2 3 4 5 & 8B 10

[ -

Vertical
increment as a
zonal average

60°N 30°N 0N 30°5 60°5

21
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Observation research

Currently, CAMS uses a 4DVar assimilation system to calculate ar

Total aerosol increment in total aerosol mass mixing ratio at each model level

increment A{AYyOS 6S R2y Qi OdzNNByifte |
mi1 vertical distribution of the analysis increment is partly

controlled by the background errors
Total aerosol

InCI’ement 42r1 wavelat iproposed) single obs incr T152

mi2 10 5 .4 .3 .2 -1.050201010205% 1 2 3 4 5 14

AOD 550nm e o
Obs Total aerosol //i; Vertical

increment " 34 jncrement as a

m A0
s.{ zonal average

X aw ﬁJ{T N 60—
704
aer - mean_std_profile B0
Tt wvtcs | 904
Total aerosol = | Globally averaged ™| ;..
increment =1 |model st dev of 110-

ml136 .

1 |total aerosol ‘
N W a0°s

Total aerosol
. Background errors are generated via the
increment : :
NMC method, using the difference
; : ; ; 7 between a 48 and 24hr forecast 22

120 4

ml137
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Observation research

Currently, CAMS uses a 4DVar assimilation system to calculate ar
Total aerosol increment in total aerosol mass mixing ratio at each model level
increment A{AYyOS 6S R2y Qi OdzNNByifte |
mi1 vertical distribution of the analysis increment is partly

controlled by the background errors
Total aerosol

InCI’ement 42r1 wavelat iproposed) single obs incr T152

mi2 10 5 .4 .3 .2 -1.050201010205% 1 2 3 4 5 14

AOD 550nm BT T T LT T —
Obs Total aerosol //i; Vertical
increment " 31 Increment as a
m 40+
.4 zonal average
X aotw ﬁJf:j N 60—
70+
aer - mean_std_profile B0
Ty wetea | 004
Total aerosol =| | Globally averaged ™| ;.
increment =1 Imodel st dev of 110-
_ _ | mi136( «itotal aerosol l
Vertical profiles provide ”EMN;‘/ 90°
iti ' i Total aerosol
addItIOhal mf_ormatlpn on increment Background errors are generated via the
the vertical distribution of 137l NMC method, using the difference .

the increment ; ] : T T between a 48 and 24hr forecast
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E-PROFILE (CAMAERA HE) CAMAER/s aHorizon Europe CAMS

A Preprocessing of raw-PROFILE ceilometer/lidar data to advancement project which aims to
remove clouds, fog, precipitation and noise enhance the quality of the aerosol

A New observation operator at 910nm introduced including | productsdelivered by CAMS through
water vapour effects improvements of the modelling capabilities

A Effect ofasphericityfor dust and data assimilation aspects of the CAM.
A Background and observation errors regional and global systems.

Stations for assimilation Stations for validation
20°W 10°W 0° 10°E 20°E 30°E 20°W 10°W 0° 10°E 20°E 30°E

10°wW 0°

Assimilated lidar/ceilometer stations Withheld ceilometer stations Thanks to Michadkahnert 24
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3MI observations will provide:

A AOD total, fine & coarse
(8 wavelengths)

A AAOD total, fine & coarse
(8 wavelengths)

A SSA total, fine & coarse
(8 wavelengths)

A A variety of other
observations

How do we match these

observations to the specific
tracers in the model?
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