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Satellite anthropogenic CO2 monitoring: Outline 

Past

Future

Now
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The beginning

Buchwitz et al., JGR, 2000

A conclusion:

Kyoto Protocol relevant 

anthropogenic CO2

emission monitoring with

SCIAMACHY?:

• VERY challenging but 

some contribution

might be possible

SCIAMACHY/ENVISAT
launch: 2002
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XCO2 from satellite NIR/SWIR spectra

XCO2: Column-

averaged dry air CO2

mole fraction

CO2 information via 

(absorbed and) 

reflected solar radiation

-> sensitive to near

surface CO2

concentration changes

(averaging kernels

approx. 1 near surface)  

Reuter et al., 2010
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XCO2 satellites: From SCIAMACHY to CO2M

Time
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CO2 emissions: SCIAMACHY XCO2: „First detection“

Schneising et al., ACP, 2008
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CO2 emissions: OCO-2 XCO2: „Improved detection“

Hakkarainen et al., GRL, 2016
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CO2 emissions: SCIAMACHY XCO2

Schneising et al., ACP, 2013

SCIAMACHY XCO2

EDGAR CO2

emissions

Europe

China

US

Trend [%CO2/yr]

EDGAR emissions

consistent with SCIAMACHY 

Regional enhancement =

Source - Background

SCIAMACHY

EDGAR
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CO2 emissions: SCIAMACHY XCO2 & NO2

Reuter et al., 2014

North America & Europe: 
34+/-15% less CO2 emitted during weekends

• Anthropogenic CO2 emission signal

from localized sources isolated via 

simultaneous SCIAMACHY XCO2

and NO2 observations & new spatial

filtering method

• North America & Europe: 

Decreasing emissions (but 

uncertain for CO2)

• East Asia: Increasing

emissions but less NOx per 

CO2: Trend towards cleaner 

technology in East Asia
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CO2 emissions: OCO-2 XCO2

Nassar et al., GRL, 2017
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CO2 emissions: OCO-2 XCO2 & S5P NO2

See also poster „OCO-2 XCO2 retrievals using the FOCAL algorithm“

Medupi and Matimba power plants in South Africa on 11-July-2018:

Sentinel-5-Precursor 

NO2

OCO-2 

XCO2

Estimated emission:

32±8 MtCO2/year

Power 

Plants

Johannisburg

OCO-2

orbit track

Reuter et al., ACP (submitted)
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CO2 emissions: OCO-2 XCO2 & S5P NO2

See also poster „OCO-2 XCO2 retrievals using the FOCAL algorithm“

Reuter et al., ACP (submitted)

Moscow on 25-Aug-2018:

OCO-2 

XCO2

Sentinel-5-Precursor 

NO2

Estimated emission:

98±37 MtCO2/year

OCO-2 

XCO2

Sentinel-5-Precursor 

NO2

Estimated emission:

78±34 MtCO2/year
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CO2 emissions: OCO-2 XCO2 & S5P NO2

See also poster „OCO-2 XCO2 retrievals using the FOCAL algorithm“

Reuter et al., ACP (submitted)

Baghdad on 31-July-2018:

OCO-2 

XCO2

Sentinel-5-Precursor 

NO2

Estimated emission:

98±37 MtCO2/year



14

XCO2 satellites: From SCIAMACHY to CO2M

Only CO2M:

CO2 imaging

CO2 emissions

via

CO2 imaging: 
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XCO2 satellites: CarbonSat: XCO2 imaging

Bovensmann et al., AMT, 2010
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CO2 emissions: Simulations CarbonSat / CO2M  

Pillai et al., ACP, 2016

• Case study for Berlin

• Satellite data: Simulation for

CarbonSat / CO2M (2x2km2, swath

width 240 km & 500 km), 1 year

• Model: WRF-GHG

• Bayesian inversion

XCO2 simulations

using EDGAR & IER

A priori & a posteriori errors
Summary:

• Number of „good“ 

overpasses per year: 17 

(240 km) - 27 (500 km)

• Single overpass random

error: Typically 9 

MtCO2/year

• Systematic: Typically 6-10 

MtCO2/year depending on 

assumptions
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CO2M: Number of cloud-free overpasses per year

Nsat=1 Nsat=2

Nsat=3 Nsat=4

Assumed

swath

width: 

200 km
(pessimistic)
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Anthropogenic CO2 Monitoring (CO2M) mission

• Spatial resolution 2 x 2 km2

• Wide swath (> 200 km) and gap-free across and along
track sampling („CO2 Imaging“)

• Coverage ≈ every 2-3 days (polwards of 40o)

• Constellation of ≈ 2-3 satellites

• Low random (0.5-0.7 ppm) and systematic (< 0.5 ppm) 
XCO2 errors

• Optimal spectral coverage and resolution

• Information on NO2, CH4, H2O, SIF, aerosols, …  
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One day simulation of 3 CO2M satellites

Clouds: MODIS Terra 1 km x 1 km MOD35 L2 cloud mask

Single satellite:
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CO2 Monitoring System

CO2M: Core component of an integrated system:

CO2M

CO2M
(NO2, CH4, 

SIF, …)
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CO2M: Schedule

Support Studies

(ESA, EC (H2020 CHE, VERIFY, …))
CO2M
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CO2M: Further reading …

Pillai et al., 2016

Broquet et al., 2018

Buchwitz et al., 2013

Velazco et al., 2011

Bovensmann et al., 2010

+ several ESA study reports (LOGOFLUX, 

SmartCarb, AeroCarb, PMIF, CCFFDAS, 

…), & other documents
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Summary

Anthropogenic CO2 emissions from space:

• Retrieved quantity: Near-surface-sensitive column-averaged dry-air CO2

mole fractions = XCO2

• First satellite sensor SCIAMACHY/ENVISAT (launch 2002)

• Satellite XCO2 currently generated operationally in Europe via C3S & 

CAMS

• None of the past & present sensors optimized for this application (currently

focus is on natural fluxes); nevertheless: several relevant peer-reviewed

publications using SCIAMACHY, GOSAT, OCO-2: from „detection“ to more

& more quantitative results (with and without NO2) including comparisons

with emission inventories

• Only the planned Copernicus anthropogenic CO2 monitoring (CO2M) 

mission will be optimized for anthropogenic CO2 emission monitoring of

localized emission sources globally thanks to its „XCO2 imaging“ capability


