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C OPE RN IC US ATMO SPH ERE MON ITO RIN G SE RV I CE

CAMS is one of six 
thematic information 
services provided by 
the Copernicus Earth 
Observation Programme 
of the European Union.

Implemented (and C3S) 
by ECMWF on behalf of 
the European 
Commission

Fire danger and flood 
forecasts provided to 
CEMS
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C A M S  P O R T F O L I O

CAMS provides open & free 
information products based on Earth 
Observations about:

• past, current and near-future 
(forecasts) global and regional 
atmospheric composition;

• European air quality;

• Ozone layer monitoring;

• emissions and surface fluxes of 
key pollutants and greenhouse 
gases;

• solar radiation;

• climate radiative forcing.

http://atmosphere.copernicus.eu
http://ads.atmosphere.copernicus.eu 
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Data assimilation

CAMS SERVICE CHAIN

Satellite Observations
(AOD, O3, CO, NO2, SO2)
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G l o b a l  a n d  R e g i o n a l  C A M S  s y s t e m s

ECMWF
IFS 
global,
40x40 km

11 regional CTMs 
over Europe,
10x10 km

Boundary Conditions

Surface AQ observations

Data assimilation

European 
CAMS

Emissions

Global 
CAMS 

Emissions

GFAS 
wildfire 

emissions

10 https://atmosphere.copernicus.eu
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Ear th  O b s e r vat io n  in  C A MS

Species Instruments

CAMS NRT

O3 S5P, GOME-2, OMI, OMPS-NP, MLS, OMPS-LP, GEMS

CO S5P, IASI, MOPITT

NO2 S5P, GOME-2, GEMS

Aerosol MODIS, VIIRS, PMAp, S3

CO2 GOSAT, IASI, OCO-2

CH4 GOSAT, IASI, S5P

SO2 (volcanic) S5P, GOME-2, IASI

SO2 (anthropogenic) S5P

HCHO S5P

GFAS fire emissions MODIS, VIIRS, GOES, Himawari, S3

---- Used
---- Undergoing testing

CAMS uses Earth Observation data from 
many satellites for atmospheric 
composition and weather.
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Sattelite observations : a game changer ? 
To monitor areas that are not well covered by in-situ networks 

  To monitor exceptional emission events  and long-range 
patterns : dust plumes, wildfires, volcanoes eruptions

To support emission reporting checking or detection of emissions 
sources (inverse modelling approaches)

  BUT : 

 Sattelites monitor columns or half-columns, 

 Need calibration processes to retrieve data  

 Revisit the same area “only” periodically,

 Do not see anything in cloudly conditions

 Availability of geostationnary sattelites monitoring atmospheric 
composition likely to be the most promising development to 
complement in-situ networks : TEMPO (US), GEMS(Korea), 
Sentinel 4 (Europe - 2025)
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Satellite observations (S-5p, MOPITT & IASI)

C AM S  Gl ob a l  Fore ca sts  –  CO  a s  exam pl e

Analysis Forecast Analysis 

Yesterday’s forecast is adjusted by today’s observations to produce the 
outlook for tomorrow. Every day.

Forecast 
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Antje Inness 2024 lecture

Information on vertical distribution
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W ha t  d o  a t m o sp h e r i c  d a t a  t e l l  u s ?  A er o so l s

Total Aerosol Optical Depth at 550nm forecast initialized 15 Sept 00 UTC

What does the map tell us? Where is this aerosol coming from?
 Biomass burning (historic fires in the Amazon region, seasonal fires in tropical Africa)

Biomass burning

 Mineral dust (dust belt extends from Sahara to east Asia)

Dust

 Sulphate aerosols (wildfires, volcanic activity, anthropogenic emissions)

Sulphate

 Sea salt (wind driven over the oceans)

Sea salt
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W ha t  d o  a t m o sp h e r i c  co m p os i t i o n  d a t a  t e l l  u s?  C a r b o n  m o n o x i de

Total Column Carbon Monoxide forecast initialized 15 Sept 00 UTC Carbon monoxide (CO) is a product of 
incomplete combustion and a good 
pollution tracer.
 Total column CO indicates most 

significant pollution sources (e.g., 
smoke from South America & tropical 
Africa).

Carbon Monoxide at 850 hPa forecast initialized 15 Sept 00 UTC

However, CO concentration at different 
levels of the atmosphere highlights 
additional regions:
 North America (wildfires)
 E Asia (anthropogenic pollution)
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https://atmosphere.copernicus.eu/charts/packages/cams/
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Ragged Point

Cape San Juan

Dakar

Capo Verde
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C A M S  A e r o s o l  A l e r t  s y s t e m

The CAMS aerosol alert system 
allows users to see (or even 
receive or declare) alerts for 
anomalous aerosol events.

14

https://aerosol-alerts.atmosphere.copernicus.eu 
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S ah ar an  d u st  t r a n s po r t :  2 6  M a r ch

• Transport across S Europe/central Mediterranean with large 
AOD enhancements well represented in CAMS 24-h forecasts 
vs. Aeronet.
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S ah ar an  d u st  t r a n s po r t :  2 0  M a r ch

• Evaluation of CAMS o-suite forecasts vs. 
analysis over central Mediterranean.

• Shading shows analysis, blue contours 
show forecasts valid for 26 March 12 UTC.

• Distribution longer-range dust transport 
occurs up to T+120 but magnitude 
increases (and improves) as forecasts get 
closer to analysis time.

T+24 T+48 T+72

T+96 T+120
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S ah ar an  d u st  t r a n s po r t :  2 6  M a r ch

• Challenge in using CAMS policy support tools for 
evaluating PM10 speciation with three CTMs.

• Some differences in relative contibutions of dust vs. 
other sectors, and in timing of episodes.
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M o n i t o r i n g  t r a n s b o u n d a r y  a i r  p o l l u t i o n  e v e n t s

Saharan dust plumes ( June 2024)
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Daily wildfires 1 January – 31 December 2024

CAMS emissions products:
• Global anthropogenic emissions

• 10 km x 10 km resolution; 2000-most recent year; based on nationally 
reported activity data

• Shipping emissions
• 10 km x 10 km resolution; 2000-most recent year; based on AIS data

• Biogenic emissions inventory
• 10 km x 10 km resolution; 2000-most recent year; based on MEGAN 

driven by ERA5 meteorology
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C an a da  w i ld f i r e s  2 0 2 3

• Canada experienced the highest number of fires, burnt 
area and emissions on record during 2023 with fires 
continuing from the beginning of May to the end of 
September.

• The majority of Canada’s provinces experienced large-
scale wildfires throughout the summer with Northwest 
Territories, Quebec, British Columbia and Alberta.

• Several reports and studies published in 2024.
https://atmosphere.copernicus.eu/northern-hemisphere-wildfires-summer-extremes



Atmosphere
Monitoring

W i ld f i r e  s mo ke  tr a n sp o r t  b e tw e e n  May  an d  O c to b e r

• Long-range transport of smoke from fires across Canada across 
North America and the North Atlantic throughout the summer.

• Good evaluation of CAMS Aerosol Optical Depth (AOD) against 
Aeronet under much of the smoke transport.

• See example time series between May-October for 
Yellowknife, Toronto and Brookhaven.

• Plus examples across the North Atlantic/W Europe at the 
end of June.



Atmosphere
Monitoring

C A MS  fo re c ast  vs  I AG O S m e a s u re m e nt s :  N o r t h Am e r ica

May CO profiles over several airports in North America

https://www.iagos.org/products/ 
https://www.iagos.org/products/daily_profiles/
https://www.iagos.org/products/cruise_nrt/ https://atmosphere.copernicus.eu/eqa-reports-global-services 

https://www.iagos.org/products/
https://www.iagos.org/products/daily_profiles/
https://www.iagos.org/products/cruise_nrt/
https://atmosphere.copernicus.eu/eqa-reports-global-services
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C A MS  fo re c ast  vs  I AG O S m e a s u re m e nt s :  E u ro p e
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Gl o b al  re a n a l y s is  o f  at m o s p h e r i c  c o m p o s i t i o n  ( EAC 4 )
The atmosphere datastore now contains a full 21-
year global re-analysis dataset for reactive gases 
and aerosol (EAC4).

The re-analysis takes stock of all available 
observation datasets using a fixed version of the 
CAMS forecast model. It is the BEST ESTIMATE of 
atmospheric composition patterns and evolution 
over the last two decades.

28
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CAMS contributed to the 
BAMS State of the Climate 
with detailed information. 

Fire emissions

Total aerosol Carbon monoxide

Inness et al. 2019, https://doi.org/10.5194/acp-19-3515-2019

https://ads.atmosphere.copernicus.eu/datasets/cams-global-reanalysis-eac4?tab=overview

https://doi.org/10.5194/acp-19-3515-2019
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2 0 2 3  mo n th l y  m e an  AO D  a no m al i e s

May June July August September

Monthly 
mean AOD

Monthly 
mean AOD 
anomaly

Inness et al. 2019, https://doi.org/10.5194/acp-19-3515-2019

https://doi.org/10.5194/acp-19-3515-2019
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2023 monthly mean PM2.5 anomalies

May June July August September

Monthly 
mean 
PM2.5

Monthly 
mean 
PM2.5 

anomaly

Inness et al. 2019, https://doi.org/10.5194/acp-19-3515-2019

https://doi.org/10.5194/acp-19-3515-2019
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NRT Monitoring: Canada wildfires 2024

• 2024 is the second most extreme wildfire year for Canada after 2023 in 
terms of emissions.

• Western provinces/territories have all experience at least one month with 
highest emissions for that month in the summer.

• Significant long-range transport episode reached Europe resulting in 
measured surface PM2.5 and AOD enhancements.

https://atmosphere.copernicus.eu/smoke-canadian-wildfires-reaches-europe

https://www.ecmwf.int/en/newsletter/181/news/monitoring-2024-
canada-wildfires-cams
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C A M S  Q u a l i t y  A s s u r a n c e

• Validation is central to CAMS operations.

• Quarterly validation reports.

• Global and regional evaluation servers.

https://atmosphere.copernicus.eu/quality-assurance

https://global-eqc-server.atmosphere.copernicus.eu/pages/evaluation/?project=cams2-82&experiment=IFS

https://regional-evaluation.atmosphere.copernicus.eu/pages/evaluation/?project=cams2-83
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Supporting the implementation of environmental policies 

34EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



And informing the public

35EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



THANKS!
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