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Global CAMS system upgrade to CYS0R1 - 12 May 2026

* Major changes

New anthropogenic emissions CAMS-GLOB-ANT M1 (replacing CAMS-GLOB-
ANT 6.2). Activation of weekly cycle in anthropogenic emissions

Online BVOC to replace CAMS-GLOB-BIO

New GFAS fire emissions 1.4.2 (MODIS and VIIRS based)

Higher ozone deposition velocity (lowering ozone concentrations near the surface)
Several smaller changes in chemistry and aerosol modelling

« Observation changes

Activation of NOAA-21 OMPS limb-profiler O3
Activation of S3 AOD over oceans
Activation of S5p CH4 (GHG suite) L ———
Monitoring of TEMPO NO,, O; & HCHO
Monitoring of GEMS HCHO

St

S3 AOD
activation .

Score cards for CY50R1

Compo suite

CAMS for Reactive Gases & Aerosol Upgrade improvement?
Species Reference Class Type Region ires period Bias Error R
co CREMC Rural & Urban Surface China 3-Houely 025 T% A% 0.0
GAW Rural Surface Global 3-Hourly 015 0% e | s
TROPOMI Satellite T. Column E. Asia Centre monthly 025 13% 6% 0.00
HCHO TROPOMI Satellite T Column Indonesia monthly i iy 9% “19% —0.01
TROPOMI Satellite T. Column 5. Africa monthly 2025 8% 3% -0.06
TREMC Fural & Urhan Surface Thina THourly | 2055 % BE] [TE]
NO, TROPOMI Satellite T. Column Eastern US monthly 025 -2% 5% -0.01
TROPOMI Satellite T. Columa Europe manthly 2025 % 4% 000
TROPOMI Satellite T. Column 5. Africa monthly 2025 5% 5% 001
[AGOS In-siiu FIP Global daily 015 % A% 005
REF limb SPR TIL abs 2028 % 0% 0.01
04 EEA Airbase Rural Surface Europe 3-Hourly 2025 5% 3% -0.00
AfrNow Rural Surface M. America 3-Hourly 35 B A% -0.01
EVDC Balloon T. Column Global obs 2023 % 2% 001
PMI0 SINCA In-situ Surface 8. America daily 025 12% 1% 003
TWMOE In-situ Surface Taiwan daily 2025 1% 3% 0.05
PMZ.5 SINCA T-sitn Surface S America daily 05 % % 000
CREMC Rural & Urban Surface China 3-Hourly 15 265 0.03
CAMS for Greenhouse Gases Upgrade improvement?
Species | Reference Class Type Region res period Bias Error R
NDACC Remote | Column | Global obs 2025 0.5% 0.2% 0.00
TCCON Remote | Column | Global - 2025 0.6% 0.5% 0.03
IAGOS In-situ FTP Taipei daily Jan-Jul 2025 | 0.7% 0.5% 0.06
CH, IAGOS In-situ FTP Global daily Jan-Jul 2025 | 0.8% 0.4% 0.02
TAGOS In-situ LTP Taipei daily Jan-Jul 2025 | 0.5% 0.49% 0.06
IAGOS In-situ LTP Global daily Jan-Jul 2025 | 0.6% 0.1% -0.02
ICOS In-situ Surface | Europe | monthly 2025 0.6% 0.0% 0.03
TCCON Remote | Column | Global - 2025 0.0% 0.0% 0.01
IAGOS In-situ FTP Taipei daily Jan-Jul 2025 | 0.0% 0.0% -0.00
o IAGOS In-situ FTP Global daily Jan-Jul 2025 | -0.1% 0.0% -0.00
e IAGOS In-situ LTP Taipei daily Jan-Jul 2025 | 03% -0.0% 0.01
IAGOS In-situ LTP Global daily Jan-Jul 2025 | 0.2% -0.1% 0.00
ICOS In-situ Surface | Europe | monthly 2025 0.3% 0.0% -0.01

https://atmosphere.copernicus.eu/eqga-reports-global-services
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Fire emissions monitoring in CAMS: Global Fire
Assimilation System (GFAS)

Credit: CAMS/ECMWF

0 1 J A N U A RY _ = Data: GFAS/Global atmospheric composition forecast
— : 4 Surface Map: Sentinel-3/ERA5-Land T M O D I S

Agua/MODIS

Active in GFAS 1.4.2 (used by cy50r1) and
based on CAMS2_64 bis (NILU/KCL/IPMA) dev.:

+ together with new
spurious signal mask

S-NPP/VIIRS

IFS-COMPO forecast compared to AERONET retrievals

Comparison of iowl_aeronet_1.5_fclday & iovu_aeronet_1.5_fclday and L1.5 Aeronet AQT 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

0s{ GFAS 1.4.1 (MODIS-only)
GFAS 1.4.2 (MODIS + VIIRS)
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Current AOD satellite usage in IFS-COMPO

EOS-Terra/MODIS Metop-C/PMAp

EOS-Aqua/MODIS Metop-B/PMAp

S-NPP/VIIRS Sentinel-3A/SLSTR

NOAA-20/VIIRS Sentinel-3B/SLSTR

S3 AOD retrievals are assimilated (over ocean)

in IFS-COMPO since CY50R1

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

Total Aerosol Optical Depth L . T Lo o
01 Jun 2025 00:00 UTC e assimilated obs bias corrected within a variational assimilation

PROGRAMMEOF G ermicus @mmm e EXSECMWEF procedure (NOAA-20 VIIRS anchor). c

atmosphere.copernicus.eu
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NOAA-21 OMPS limb-profiler 03 data

« MLS O3 is important for the profile shapes of the CAMS O3 analysis, but is nearing

the end of its life

« NOAA-21 v2.6 OMPSLP O3 are now assimilated to cushion the future loss of MLS

OMPSLP is UV/VIS instrument (no night-time data)

Fit to MLS data

2023060112-2024033112(12) S Backgerund departure (o—lb? éHe}e-)Backgerund departure (O—.t) (ikp
A AN B — IS Analysis departure (0-a) (ikjoy—-Analysis departure (o-a) (ikpv)
SO AL il -—--Bias correction of obs (ikjo) ----Bias correction of obs (ikpy)
all GO3 AURA MLS
STD.DEV ikjo MEAN
0.0 1.39 M — 00
0.2 1.04 M = 02
0.7 . 0.35M = 07
— 1.0 W|th OMPSLP 0.70 M L 10
© 15 . ) 0.70 M - 15
L 22 No limb profile data o7ow -o22
= 324 0.70 M = 32
4.6 0.70 M - 46
9 6.8 0.70 M - 68
5 100 —| 0.70M — 100
& 14.7 - 0.70 M 147
O 215 0.70 M = 215
= 31.6 0.70 M — 316
O s 0.70 M - 464
68.1 — 0.70 M —  68.1
100.0 —| 0.70 M - 100.0
146.8 : : : I ! 0.70 M————— S 146.8
0.6 1.2 1.8 2.4 3 3 24 -18-12-06 0 06 12 18 24 3

e SSECMWE

Profile of GO3 (mPa)
over Ny Aalesund
at 11UT, 27/08/2025.

LA L L L L B L

hPas5[- Sonde S
CAMS (T+0 to 24) 1

fenrt (T+3t0 24) -

50
100 3
200 .
500 [ =
10005 1+ 4
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mPa

Fit to stratospheric O3 sondes

Common Area Fraction for monthly-mean profiles of
03 (mPa) over 6 sites in Antarctica
using analyses from Jun 2023 to Mar 2024,
integrated from 100 to 3hPa

MLS

OMPSLP

CTRL = no limb profiler

1
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Activation of SS5p CH4 in CY5S0R1
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Improved fit to
TCCON and NDACC
CH4 data if S5p CH4
is assimilated

Ramonet et al. (2026): Upgrade verification note for the CAMS GHG suite. doi:10.24380/bh2p-ezue
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AC observations used in global NRT CAMS system

.CALIPSO

" CloudSat .3
e B GCOM-W1
‘" cl " .“ = -2 B T o ‘1

CAMS NRT
O, S5P, GOME-2, OMI, OMPS-NP, MLS, OMPS-LP, GEMS, TEMPO
CO S5P, IASI, MOPITT
NO, S5P, GOME-2, GEMS, TEMPO
Aerosol MODIS, VIIRS, PMAp, S3
co, GOSAT, IASI, OCO-2
CH, GOSAT, IASI, S5P .
50, (volcanic) S5P, GOME-2, IASI CAMS uses Earth.Observatlon data .
) . from many satellites for atmospheric
S0 (e e ) o composition and weather.
HCHO S5P, GEMS, TEMPO
---- Used
---- Undergoing testing
GFAS fire emissions MODIS, VIIRS, GOES, S3 - Retired since Feb 2025

---- New in CY50R1, 12 May 2026 8
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Examples of CAMS ‘work in progress’

Geostationary air quality data

Improving the aerosol analysis:
* Assimilation of IASI coarse dust
 Assimilation of ceilometer ground stations from E-profile network

Assimilation of GHG data:
* Assimilation of OC0O2 CO2

New CAMS reanalysis EACS
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Geostationary AC data

Sentinel-4 (hourly)
TEMPO (hourly) : -

- m&(hourly) i

s

| « Using TEMPO and GEMS data to
prepare for Sentinel-4

* Some of this work was carried
out as part of the HE CAMEO

project

&l

J H)

P }@(ﬁ' &
£ / }}.,fi e 2

Sentinel-5P Sentinel-5 OMPS EMI GaoFen-5
(once per day) (once per day) (once per day) (once per day)

AME

10




NO2 [107~15 molec/cm2]

NO2 [10™15 molec/cm2]
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Averaged hourly TEMPO & GEMS NO2 fields and departures

Averaged hourly NO2 data, exp=is6s
Period=20250101-20251231

JFM 2025 s AMJ 2025
/ TEMPO N TEMPO -~
/\\H_u_‘ % i: M l
GEbL ==, g —f GEMS
e | | | = : bm*”"\ | | |
’ ’ Homur [UTC] ° * ’ ’ leiur [UTC] ” *
July-September 2025 October-December 2025
s VIV » T 5 W’K
§ | TEMPO
TEMPO é 14 "‘M M
W ? 0 S = oL f e e s =
GEMS 5 .| GEMS
. | | JAS .2025 | o 2 W | | OSN .2025
’ ° Hl?:ur [UTC] ” * ’ ’ Hlt;ur [UTC] ” *
—— obs —— an — fg —— andep —— fgdep

—8— TEMPO  —¢« GEMS

Data actively used

Large negative bias for GEMS
Small bias for TEMPO

GEMS bias increases during
the day

Only very small impact of NO2
assimilation

11
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Impact of NO2 assimilation on surface 03

Timeseries of surface O3 bias

03 (ppb) FC-OBS bias. Model versus AirNow.
1207 sites in N-America. 31 Dec 2024 - 29 Dec 2025. 00,06,12,18Z, T+0 to 0. Ver0OD 12.17.5.
—— ioo0An_aimow —— isBsAn_airmow

20
15 N-America
101 . FREs
5 et AR A R A
0
-5 S
ol GEOassim
151 CTRL
-20 ! ; 1 ! ! 1 ! 1 1
Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

03 (ug/m3) FC-OBS bias. Model versus China AQ.
1686 sites in China_whole. 31 Dec 2024 - 29 Dec 2025. 00,06,12,18Z, T+0 to 0. Ver0OD 12.17.5.

—— ioo0An_china —— is6sAn_china

20

15 GEOassim China
] CTRL

°] ./\ A

54 \ / llﬁl 5 / . _j; \\.- /
_1: 1 /\?/\\/\/ ,\\VW \\/\/ // \/\M

|
-15 1 M/\/ /\/{}
-20 I ; 1 X 4 1 ! 1 ; | }
Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Mov Dec

hPa 200

400

600

800

1000

Average relative bias 2025 against ozone sondes

North America

l|:z: ;:;§||||1|I|III|III

: > GEOassim
CTRL

III]III|III|III|III

10 0 10 20 30 40
% mPa difference

a 200

400

600

800

1000

South East Asia

IIlll[l|||

30 20 -10 0 10 20
% mPa difference

Reduced positive O3 bias
over N-America
Increased negative O3
bias over China

TEMPO NO2 data will

potentially be activated in
next model cycle CY51R1

12
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IASI 10um AOD obs (ULB retrieval)

A test case in February 2023 - a plume of
desert dust from the Sahara is advected
over Europe and then Scandinavia but is

not solely represented as dust

Comparison of model (ihhf) and L1.5 Aeronet AOT at 500nm over

OPER — IER_Cinzana (13.28°N, 5.93°W).
DUSt AOD 550nm V“RS a” ObS 10-26 Feb 2023. 00,127, T+6 to 12. VerOD 12.17.5.
15th Feb 14-17t Feb ® L15Aeronet — Total — S04 SS — DU — OM — BC
i — NO3 — NH4
== 1-- 2
- 16 TotalA0D  OPER
ol @ | 1.6 :
i 144 .
B s a 124 Dust
T X -
. x 081
R AT e g 3 0.6 1
W v..\‘g‘-",:_-, RS ;
= -.... A5 ‘,' o'&" ' ‘ Tos 2, :-* : 0.4
R S . c};: 021
' - B SESOR ; 0] et
A;_, % i 5 12 14 18 1& 17 1® 10 20 91 P2 3 94 9?5 PR 97
radilt ;!'-:\ Comparison of model (ihif) and L1.5 Aeronet AOT at 500nm over

IER_Cinzana (13.28°N, 5.93°W).
10-26 Feb 2023. 00,12Z, T+6 to 12. Ver0D 12.17.5.

o7,

/

th
15 Feb ® L15 Aeronet — Total — S04 s —DU — OM — BC
a3 o e s e s a : — NO3 — NH4
. : / 18- Total AOD is OPER + IASI
. g ' s ﬁ'%“‘s‘ 161 increased, as is
: 7 38 gl .. ; 141 the proportion
¥ < 1.2 of dust
£
% hey o 0.8
". 0_6-
g . : z = 0.4
a1 ) - 3 021
a3 -:':-j»" J" 10N 0-
. . i"‘ 3 13
Credit: Melanie Ades - __""- . i _ X 7
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Assimilation of ceilometer ground stations
from E-profile network

Canadian wildfire episode Aug 2024

aSSimilated Withheld AOD forecast SSSSSSSSS -20000-0-033? ddddddd o MD:O—ZOOOOAO—MOJI Instvumenl.:CLBlA:QIOOnm
Stations for assimilation . o stations fo valication - _-_--- = = ] obs e
o-suite
E-profile
£
1t
0 5 o 5 N\ }/ f ),,‘J‘.;/ ;"‘f{‘?vjé 00-0- : CHMISK A
* Assimilation of ceilometer data leads to N V) W : e
improved fit to vertical profile at four non- Szt
< =" 7]

assimilated stations that lie in the path of the
smoke plume

 Shown is the attenuated backscatter
coefficient

Credit: Michael Kahnert
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Exploring the use of 0CO2 CO2 retrievals

ZEP (2025) CO2 (ppm)

49R1_AN_0011 CTRL_OCO2_j3ab AN_Only_0CO2_iwd3 AN_OCO2_IASI_GOSAT iwhb

bias= -0.71 std= 0.97 rmse= 1,20 r= 0.76
bias= -0.91 std= 1.00 rmse= 1.35 r= 0.75
bias= -3.30 std= 0.57 rmse= 3.34 r= 0.92
bias= -3.46 std= 0.56 rmse= 3.50 r= 0.92

Comparison with ICOS data

j3ab: CTRL for OCO-2 analysis
iwd3: OCO-2 retrievals only
iwhb: OCO-2/IASI/GOSAT

* Improvement for several stations
in terms of bias and RMSE
| * OCO-2 retrievals dominate

Bias against TCCON data

iwd3.0C02 and FTIR. TCCON.CO2 GGG2020 xCO?2 differences (MODEL-GB) (2-weekly median, surf - toa)“ GHG AN and FTIR.TCCON.CO2 GGG2020 xCO2 differences (MODEL-GB) (2-weekly median, surf - toa)
. - 40

SODANKYLA -67.4° SODANKYLA | 67.4°
EASTTROUTLAKE = -54.3" 30 EASTTROUTLAKE = ‘ 543 30
BREMEN F53.1° BREMEN 531"
: 2.0 2.0
HARWELL | | k516" HARWELL L5160
PARIS o . | Fass’| L0 PARIS Fass’| 10
! = : T
PARKFALLS = F45.9°( ] 05 2 PARKFALLS . . 459" o5 2
LAMONT - 36.6" 5 LAMONT o . 366" 3
| =1 s : 4‘
o f-05E > L o5
NICOSIA o =351 2 NICOSIA o 35.1° i 3
= =
PASADENA o Faa bl 40 PASADENA o - F381° L
BURGOS 185" BURGOS o 185"
I -2.0 il -2.0
DARWIN 125 DARWIN o L.aos
WOLLONGONG - - 34.4 -3.0 WOLLONGONG - 344 -3.0
LAUDER 450 LAUDER o k450
Ly m T LU L T T -4.0 LA LR T T TR -4.0
o -0 0% 0% O3 O o O O 0% o 3 38 19 3 3 38 39 - 38 3 3
ov o o3 ot 0 06 ol 0% 02 A0 AV o 20> 0530 a0 50 60 10 80 20 o0 a0
2007 90170 02T 02T @157 0297 02T G027 0% 029 g02° o s el et e e ™ ™ s s ™ gt

OCO-2 retrievals only Without OCO-2 retrievals

Ll CEON

Integrated \i

Carbgon \T\’b [ ]
Observation

System

Mean bias reduced by about 35%
when comparing with current
configuration

e Clear improvement for all the stations
* the negative biases are significantly
reduced for several stations

Credit: Ernest Koffi (ECMWEF), Bavo Langerock (BIRA)
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A new CAMS reanalysis (EACS)

Global reanalysis (EAC4)
~80 km, 60 levels, tropospheric chemisty, lin O, stratosphere

1979 2003 2007 2014 2021

Global reanalysis (EACS5), preparations have started, start prod. in 2026
higher resolution (~ 40 km, 137L), tropospheric & stratospheric chemistr

CAMS 2.0

Final preparations for EAC5 ongoing

* Improvements to chemistry (IFScompo-BASCOE, including stratospheric chemistry)
* Newer/ improved IFS version (better meteorology): CY49R2 — same as ERA6

* Increased resolution (137 vertical levels; TL511 horizontal, ~ 40 km)

* New reprocessed observation, new emissions including online biogenic emissions Production to
Status _ S start in
* Acquisition and processing of observations finished 2026

* Testing of model and DA configuration and archiving setup in final stages
* Improved QC for assimilated data before starting production
* No emission inversion yet in EAC5 16
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CAMS satelllte momtormg page

-(opernms ( """"""" Data Aboutus Whatwe do

A Home / CAMS m

Q

[ Aerosol
O co
[ HeHo

Monitoring plots
s =T s * Are routinely displayed on the CAMS

0 so2

i o . website
* give CAMS and the data producers

O emap

0 o ey | | sl | | st timely information about any

EE o - changes in the data

] TROPOMI

O come-2 Ti i mea; Ti mea: Ti m :

O] Gems for CAMS NO2 from GOME-2 for CAMS NO2 from KOMPSAT-2B for CAMS NO2 from TROPOMI

O omi ’ i o X -

O ms

i _ : L

o https://atmosphere.copernicus.eu/charts/packages/cams_monitoring/
Timeseries of statistics for NO2 ) Timeseries of statistics for NO2 ) Timeseries of statistics for NO2 )
from GEMS from GOME-2 from TROPOMI

17
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The Atmosphere Data Store (ADS)

All CAMS data are freely available: https://ads.atmosphere.copernicus.eu/

R Login - Register

B covcsie (opemics SSECMWF (
Atmosphere Data Store Datasets User guide Live Background

\W;Iﬁi‘ 26Nov2024 System is experiencing performance issues. Please check updated status here

_ @copernicusecmwf
Copernicus EU

f
into this wealth of information about the Earth's past, present
and future atmosphere

Www.copernicus.eu

Copernicus ECMWF atmosphere.copernicus.eu

m @copernicusecmwf.bsky.social

I
3

API Training earthkit
Access the full data store catalogue, with search and Copernicus Atmosphere Monitoring Service (CAMS) Open-source Python tools simplifying data access,
availability features data tutorials re il nalysis, visualisation and much mor

Documentation of atmospheric composition in IFS:
https://www.ecmwf.int/en/elibrary/81374-ifs-documentation-cy48r1-part-viii-atmospheric-composition

Validation reports and validation servers:
https://atmosphere.copernicus.eu/quality-assurance

18
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