
AtmosphereMonitoring

Atmospheric composition observations: 
overview, recent developments and gap analysis 

in the context of environmental prediction 

Antje Inness (ECMWF)
Thanks to the ECMWF CAMS team
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W h at  t h e  C o p e r n i c u s  At m o s p h e re  M o n i t o r i n g  S e r v i c e  h a s  t o  o f fe r

The CAMS portfolio includes Earth 
Observation based information 
products about:
ω global atmospheric 

composition;
ω the ozone layer;
ω air quality in Europe;
ω emissions and surface fluxes of 

key pollutants and greenhouse 
gases;

ω solar radiation;
ω climate radiative forcing.
ω reanalysis of atmospheric 

compositon

Quarterly validation reports of 
global and regional outputs.

https:// atmosphere.copernicus.eu

This is done by assimilating satellite retrievals of atmospheric 
compositioninto the IFS (in addition to meteorological observations)
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S p e c t r a l  s i g n a t u r e  o f  t r a c e  g a s e s

Credit: M. Van Roozendael

NIR, SWIR

AOD MODIS

TROPOMI

TROPOMI

Day-light only
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S a t e l l i t e  o r b i t s

Polar Orbit: 
Å Low earth orbit (LEO, 600-800 km)
Å Sun-synchronous orbit: overpass over given latitude always at the same 

local time, providing similar illumination 
Å Global measurements possible, but fixed overpass time & no observation 

of diurnal cycle
Å Global coverage in a few days (in some cases better)

Geostationary Orbit: 
Å 36000 km flight altitude, equatorial orbit 
Å Fixed position relative to the Earth, 
Å Limited area from low to middle latitudes, 
Å No global measurements possible 
Å Observations of diurnal cycle
Å AC constellation planned (S4, TEMPO, GEMS ςalready launched)

www.esa.int
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Å Observe atmospheric volume directly under the instrument. 
Å High horizontal resolution, low vertical resolution. 
Å Total columns, partial columns, limited sensitivity to PBL

Limb measurements (e.g. MLS):
Å Look at the edge of the atmosphere and perform scans at different tangent 

altitudes over a larger range in horizontal direction. 
Å Low horizontal resolution, but higher vertical resolution. 
Å Ideal for stratospheric composition. 
Å No info about lower atmosphere.

Occultation measurements (e.g. ACE-FTS): 
Å Use limb geometry but point directly at sun/ moon/ stars. Atmospheric 

densities are obtained by comparing measurements of the transmitted 
solar or lunar radiation with the unattenuated source. 

Å Limited geographical coverage (one sunrise/ sunset per orbit)
Å Self calibrating 

M e a s u r e m e n t  g e o m e t r i e s

www.iup.uni-bremen.de
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E a r t h  o b s e r v a t i o n  s a t e l l i t e s

CAMS uses Earth Observation data from 
many satellites for atmospheric 
composition and weather.

All from 
LEOs S5p

/Testing

volcanic
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E x a m p l e  o f  l i m i t e d  i n f o r m a t i o n  c o n t e n t

Increment created by a single 
ozone observation of 375 DU, 
10 DU higher than background

Vertical profile of the 
increment at the 
observation location

Standard deviation from the 
background matrix at the 

observation location

Background matrix has a 
significant impact on the 

distribution of information

Formulationof the B-matrix is very important for AC

Assimilation of TCO3 data
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A n  e x t r e m e  e x a m p l e :  O z o n e  7  O c t o b e r  2 0 0 4

GEMS reanalysis CAMS reanalysis

[DU]

Å Similar TCO3 analysis from (old) GEMS reanalysis and CAMS reanalysis 
Å Huge differences between corresponding O3 profiles
Å No profile data (MIPAS, MLS) were assimilated in GEMSRA in Oct 2004 and 

model had a large O3 bias leading to very bad vertical O3 analysis profiles
Å Shows importance of using limb sounding data for O3 analysis

Sonde launched by AWI
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B e n e f i t  o f  c o m b i n i n g  o b s e r v a t i o n s  i n  D A  s y s t e m  

Lefever et al. (2015, doi:10.5194/acp-15-2269-2015)

Å Improved quality of ozone analysis if MLS and UV-VIS obsare assimilated together
Å Tropospheric ozone is improved compared to MLS-onlyassimilation and 

stratospheric O3 analysis is not degraded


