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A huge step forward for monitoring environment and climate



copernicus.eumetsat.int

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 3

A simplified view of the Copernicus programme

Copernicus
Services
CAMS

(ECMWF)

CMEMS
(IFREMER)

C3S
(ECMWF)

CGLS
(JRC)

etc.

Delegation Agreements

EUMETSAT
Sentinel-3 

(marine/atmosphere
)

Sentinel-4
Sentinel-5

Jason-3
Jason-CS/Sentinel-6

CO2M
CIMR and CRISTAL

ESA
Sentinel-1
Sentinel-2

Sentinel-3 (land)
S5P/TROPOMI

(European Commission)
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Copernicus Sentinels operated by EUMETSAT
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METEOSAT THIRD GENERATION

MTG-S-1: SOUNDING
MTG-S-2: SOUNDING

METOP-SG A: SOUNDING AND IMAGERY

JASON (HIGH PRECISION OCEAN ALTIMETRY)

COPERNICUS
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SENTINEL-6 (JASON-CS)

SENTINEL-4 on MTG-S

SENTINEL-5 on METOP-SG A
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• https://

Ammonia fluxes based on 9 years of IASI data
© Martin Van Damme and Lieven Clarisse / ULB

Nitrogen Dioxide from 1 month TROPOMI data
© Copernicus program

Satellite monitor pollutants and support observational effort 
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Products for Trace Gas: EUMETSAT and Sentinels
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O3 total column Ö Ö Ö Ö Ö

O3 profile (incl. 
troposphere) Ö Ö Ö Ö

O3 tropospheric column Ö Ö

NO2 total column Ö Ö Ö

NO2 tropospheric column Ö Ö Ö

SO2 Ö Ö Ö Ö Ö

SO2 Layer Height Ö Ö Ö

HCHO Ö Ö Ö

CHOCHO Ö Ö Ö

BrO Ö Ö

OClO Ö

HNO3 Ö Ö

NH3 Ö Ö

CO Ö Ö Ö

CH4 Ö Ö Ö

SIF Ö Ö

CO2
H2O Ö Ö Ö

UV Products Ö Ö Ö

Nitrogen dioxide (NO2) is produced from oxidation of 
monoxide (NO) that is in turn produced by combustion – high 
temperatures to break nitrogen and oxygen molecules

PRESENT FUTURE

HCHO Formaldeheide also produced in fires
Synthesis product – potentially toxic

Carbon monoxide (CO) is present in small amounts (about 80 
ppb) in the Earth's atmosphere. 
About half of the carbon monoxide in Earth's atmosphere is 
from the burning of fossil fuels and biomass (such as forest 
and bushfires)
Most of the rest of carbon monoxide comes from chemical 
reactions with organic compounds emitted by human 
activities and plants.

NH3 – Ammonia  produced in livestock-  also 
Synthesis product – potentially toxic
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Sentinel-3: Synchronous ocean and atmosphere data 

• ~ Daily data from 3 instrument packages:
• OLCI
• SLSTR
• Altimetry (SRAL)

• Wide variety of relevant products:
• Ocean colour, chlorophyll, TSM
• Aerosols, Fire Radiative Power

• Many relevant applications:
• Carbon cycling, sediment dynamics, 

waves/wind,  air quality fires, dust, 
volcanic eruptions.



copernicus.eumetsat.int

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 8

Continuity – Monitoring and Climate 
applications
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METOP (EPS-SG) – (incl. Sentinel 5)

METimage
Visible-Infrared Imager

Sentinel-5
UV-VIS-NIR-SWIR Sounder

MWS
Microwave Sounder 

Radio Occultation

RO

IASI-NG
Infrared Atmospheric Sounding Interferometer
– New Generation

3MI
Multi-viewing,
 -channel,
 -polarisation Imager 

Operational : 2023-2035

Synergy with the instruments on 
the EUMETSAT Polar Satellites
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Example: Changes in ammonia concentrations
What does it means – support air quality monitoring
Analysis of 7 years of IASI data from https://acp.copernicus.org/articles/21/16277/2021/ 

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2023GL103540https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2023GL103540

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2023GL103540
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Meteosat Third Generation (MTG): Mission overview

§ Imagery missions (MTG-I):
1. Full disk imagery every 10 minutes in 

16 spectral bands with the Flexible Combined Imager (FCI). Fast imaging of European weather every 2.5 minutes
2. Day/night Lightning Imager (LI)

§ Sounding mission (MTG-S):
1. 3D mapping of water vapour, 

temperature with Hyperspectral 
Infrared Sounder (IRS) 

2. Air quality monitoring and 
atmospheric chemistry in synergy 
with Sentinel-4 / Ultraviolet Visible & 
Near-infrared 

§ Start of operations in 2022 and 2024

§ Operational exploitation: 2022–2042
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Example: MTG-S Sounding Mission – Sentinel 4

Start of operations: 2023
Operational : 2023-2042

The spatial resolution ~ 8 x 8 km 
with hourly temporal resolution 

First Geostationary over EU

Focus on air quality with the main 
data products being O3, NO2, SO2, 
HCHO, and aerosol optical depth.

Sentinel 4

Synergy with the instruments 
on the EUMETSAT Meteosat 

Third generation
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Example: Better coverage with multiple satellites 

31_ltpy_v01_AC_SAF_L2_case_study
CEOS-ACC-12 | Oct 2016 | Seoul, Korea| Slide 9

Sentinel-4/UVN 
Temporal Sampling

Time of day
Sunrise
Sunset

N
O

2

Sentinel-5
Sentinel-5 Precursor

Sentinel-4

Sentinel-4 will provide 
diurnal cycle information

CEOS-ACC-12 | Oct 2016 | Seoul, Korea| Slide 10

Sentinel-4/UVN 
Temporal Sampling

Time of day
Sunrise
Sunset

N
O

2

Sentinel-5
Sentinel-5 Precursor

Sentinel-4

Sentinel-4 will enhance the likelihood 
for N≥1 cloud free observations per day
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GEMS as Sentinel-4 precursor – LEO vs GEO
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Combining the polar and geostationary worlds: S4 & S5

Scan to see a video
on S4 instrument
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Sinergy – Constellation

Sentinel 5 & 5P

Synergy for new products

Synergy with the instruments on the 
EUMETSAT Meteosat Third 

generation
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Sinergy – Weather Cube

Synergy with the instruments on the 
EUMETSAT Meteosat Third 

generation
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Greenhouse gases – preparing for CO2M
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Nitrogen Dioxide from TROPOMI data
© Copernicus program & CO2 from OCO2
Credit – Hakkarainen et al. 2020

Experimental study on Matimba Power Station 

Example: Monitoring Carbon Dioxide
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Atmosphere
Monitoring

C A M S :  G H G  M O N I T O R I N G  C A P A C I T Y

https://atmosphere.copernicus.eu/ghg-services
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Atmosphere
Monitoring

C A M S :  C O 2  M O N I T O R I N G  A N D  V E R I F I C A T I O N  S E R V I C E

A new European anthropogenic CO2 emissions monitoring 
and verification support (CO2MVS) capacity will support countries 
and regions with observation-based policy-relevant information.
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Atmosphere
Monitoring

T I M E L I N E  O F  C O P E R N I C U S  C O 2 M V S
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Copernicus expansion missions – focus on cryosphere



What we see and what Satellites see

NASA-
GISS
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Why monitoring from space?

● Use data and algorithms instead of eyes
● Observe and measure from a distance without modifying the target
● Access to spatial and temporal scales impossible without the contribution of 

satellite
● Consistency of measurements worldwide

● Low earth orbits (circling the earth)

● Geostationary (fixed position above earth)

Programs are divided by orbit type J

low earth orbit

Advantages:
More near to Earth -> Higher spatial resolution
Used also for Active Obs.(Radar/Lidar) and PMW
Disadvantages:
Poorer time resolution  -> needs of constellation

Advantages:
Better time resolution

Disadvantages:
One side of the Earth -> needs of constellations
large viewing angles at the borders -> geometrical 
distorsions
Only VIS/IR and passive Obs.



 
Satellite measurements 

Radiation emerged from the 
interaction with the 
Atmosphere-Surface system 

COMPARED TO

Modelleded measurements
- A priori information on the 
system (atmospheric 
scenarios)
- Model of the system 
(Forward model) 

 



Limb scanning – vertical profiles

Retrieval algorithms for 

https://www.researchgate.net/publication/3204055_Retrieval_algorithms_for_the_EOS_Microwave_Limb_Sounder_MLS_instrument
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A question of resolution …
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Resolution –Third vs Second Gen … MTG data are preliminary 



Observe smoke : In a nutshell

AOD (Aerosol Optical depth) = How much Solar light attenuated by aerosols?
– A proxy of the aerosol amount in air

Looking at the contrast between aerosol layer & the underlying surface

Western Sahara – 
2019.02.05

S3 A – SLSTR (RGB 
Composite)

Smok
e

Massive Thomas fire, California, 
2017.12.10

S3 A – SLSTR (RGB Composite)

Smok
eDust

Balkan fires – 2020.04.10
S3 B – OLCI (RGB Composite)



Dust measured on visible channels (RGB)



Aerosol measured on UV channels 



Fire Hot-Spot from space – In a nutshell

• A hot spot radiates a strong heating signal. 

• Looking at the temperature contrast between the local hot-spot pixel and 
the surrounding background

Caseiro et al. (2018)
• Hot-spot more emissive than 

the ambient background
• N = 100 => TIR (112 µm) 
• N = 1000 => MWIR (3.7 µm)
• N >> 1000 => SWIR (1.5-2.25 

µm)



We walk the line … chemistry – air quality climate



GOME-2 a good example for UV-VIS

I0     Spectral 
       Solar 
       Irradiance 

I    Spectral 
     Radiance 



Observe gaseous species: example of TROPOMI



IASI on-board METOP-ABC



TIME SCALES FOR HORIZONTAL TRANSPORT
(TROPOSPHERE)

2 weeks
1-2 months

1-2 months

1 year



DIURNAL CYCLE OF SURFACE HEATING/COOLING:
ventilation of urban pollution
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0 km

2 km

1 day

“planetary
boundary layer”

tropopause

5 km

(10 km)

1 week

1 month

10 years



Chemical vs. transport lifetime

From Toon et al.







What can be observed from 
space ?

Australian Fires 
2019

Intensely
polluted areas

Volcanic eruptions

Sentinel3

Sentinel5P

METOP



What can be observed from 
space ?

Effect of Economic 
Crisis

Livestock and land 
use

IASI METOP data - 
ULB

Effect of Lockdown measures

METOP









NO2 emitted by combustion, has atmospheric lifetime ~ 1 day:
strong gradients away from source regions

Satellite observations of NO2 columns



CO emitted by combustion, has atmospheric lifetime ~ 2 months:
mixing around latitude bands

Satellite observations



OBSERVATION OF CO FROM AIRS SATELLITE 
INSTRUMENT

AIRS CO data at 500 hPa (W.W. McMillan)

Averaging kernels
for AIRS retrieval





CO2 emitted by combustion, has atmospheric lifetime ~ 100 years:
global mixing

Assimilated observations



Useful links

EO Portal
eoportal.eumetsat.int

User Portal
user.eumetsat.int

Explore our catalogue, what and where, supporting documentationCreate and manage your user account, subscribe to 
our services

Data Store
data.eumetsat.int

EUMETView
view.eumetsat.int

Visualise and explore, create layers in GIS applications

Download Metop, 
Meteosat First and Second 

Generation and Copernicus (Sentinel 3, Sentinel-6) data

Data Tailor
Transform both historical and near-real-time satellite data

WEkEO
wekeo.eu

Copernicus Browser
browser.dataspace.copernicus.eu

Visualise and explore Copernicus products

AC SAF
acsaf.org

Explore even more atmospheric composition data 



copernicus.eumetsat.int

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 55

Atmosphere
Monitoring

M O N I T O R I N G  W I L D F I R E  E M I S S I O N S

Wildfires are a significant source of atmospheric pollution, including carbon gases, 
volatile organic compounds and particulate matter, influencing global atmospheric 
composition and chemistry.

Daily total Fire Radiative Power 1 Jan-31 Dec 2022

Biomass burning aerosol optical depth

Total column carbon monoxide

Example CAMS forecasts initialized 28 April 00 UTC valid for 03 UTC 

https://atmosphere.copernicus.eu/global-fire-monitoring
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Example: Synergy of observational datasets to monitor wildfires
Pollutants, hot spots & intensity from satellite observations

Measurement of fire intensity

Linked to emission of combustion gases & aerosols into 

the atmosphere

MSG/SEVIRI - every 15-minute allows:

Strong seasonality

Strong diurnal cycle

Fire Radiative Power
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Individual 1 km hot spot and day-time imagery

Fire radiative power Sentinel-3 NRT product

1-km Fire Radiative Power [MW]
RGB Composite from SLSTR Solar Channels (R=2.2μm, G=1.6μm, B=0.6μm)
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Monitoring from space: Sentinel-3 observations of Canadian wildfires



copernicus.eumetsat.int

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 59

Monitoring from space: MTG observations of Canadian wildfires
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Monitoring from space 

visible 
light

follow the smoke: smoke from Canada fires 2018 reached 
Europe 

follow the smoke: Australia bushfire smoke 2020/2021 reached 35 km 
altitude 

worldwide monitoring of 
wildfire

smoke and air pollution
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a whole new dimension will be 
explored by Sentinel-4: 

daytime hourly air quality data over 
Europe

Monitoring from space: Sentinel-4 
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Part of an unique data value chain

Bring to Users the concept of “Copernicus 
improves usability”

User journey encompassing:
àForecast 
àMonitoring and nowcasting
àEstimate of impacts

Integrated system:
àSatellite and non satellite, models 
àSupport emission estimate
àGenerate added value products
àEnsure Quality and usability



Atmosphere
Monitoring

C A M S  I N F O R M AT I O N  F L O W

Earth Observation 
from satellite (>75 
instruments) and in-
situ (regulatory and 
research)

CAMS main operational data 
assimilation and modelling systems

CAMS users
• Applications
• Policy products

IFS  40km (oper) / 80km (rean) Globe

11-member 
ensemble
10km 
Europe



Atmosphere
Monitoring

CAMS:  GHG MONITORING CAPACITY

https://atmosphere.copernicus.eu/ghg-services



Atmosphere
Monitoring

CAMS:  CO2  MONITORING AND VERIF ICATION SERVICE

A new European anthropogenic CO2 emissions monitoring 
and verification support (CO2MVS) capacity will support countries 
and regions with observation-based policy-relevant information.



Atmosphere
Monitoring

T I M E L I N E  O F  C O P E R N I C U S  C O 2 M V S
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Case studies - 



Useful links

EO Portal
eoportal.eumetsat.int

User Portal
user.eumetsat.int

Explore our catalogue, what and where, supporting documentationCreate and manage your user account, subscribe to 
our services

Data Store
data.eumetsat.int

EUMETView
view.eumetsat.int

Visualise and explore, create layers in GIS applications

Download Metop, 
Meteosat First and Second 

Generation and Copernicus (Sentinel 3, Sentinel-6) data

Data Tailor
Transform both historical and near-real-time satellite data

WEkEO
wekeo.eu

Copernicus Browser
browser.dataspace.copernicus.eu

Visualise and explore Copernicus products

AC SAF
acsaf.org

Explore even more atmospheric composition data 


