State of play for a European operational
monitoring system for fossil CO2 emissions
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Copernicus Programme
Evolution

Pillars of the Anthropogenic CO2 Emission
Monitoring & Verification System

In the frame of the Copernicus programme, the
European Commission (EC) and the European
Space Agency (ESA) are jointly developing plans
for evolving its services and current fleet of
operational Sentinel missions. With highest
priority is greenhouse gas monitoring, and more
specifically that of anthropogenic CO2 emissions.
In 2015, upon request of the European
Commission, a group of experts outlined a
holistic vision and a preliminary roadmap for such
a European integrated observation and inversion
modelling system dedicated to the monitoring of
fossil CO2 emissions [EC, 2015]. The space
component of such a system would require a
constellation of satellites providing imaging
capability with a relatively high spatial resolution.
A dedicated CO2 monitoring Task Force has been
established to advance and work out the details.

The main objective of the system is to provide policymakers with information, supporting their assessment of
measures taken for fossil fuel CO2 emission reduction. The high level system requirements are to 1) Detect
emission hot spots, 2) Quantify emissions of hot spots, 3) Assess emission changes (as expected from the
Paris Agreement), 4) Assess emission trends between two stocktakes (i.e., with 5-year steps).
The monitoring & verification system will be consist of four main pillars, and a service component:

Roadmap to Implementation

Space Component - Preliminary Concept

Implementation goal: system capability in place
for 2028 global stocktake, which implies that the
first satellite needs to be in orbit around 2025/26
The user requirements come from reports of the
Task Force with Task B.
Satellite observation
requirements are captured
in the Mission Requirements
Document (MRD).

1. Fossil CO2 emission inventory pillar
develops a priori emission model
A-priori Fluxes and
Inventories inc.
associated Error
Characteristics

2. Space infrastructure pillar
measures CO2 with a constellation of satellites

Sources and sinks for CO2
on a gridded basis
with temporal changes

3. Ground-based / airborne infrastructure pillar
measures CO2 using ground-based & airborne
in-situ and remote sensing (e.g. TCCON, GAW)

4. Data assimilation / modeling pillar
generates improved transport and flux models

Service component

Atmospheric Measurements
and their associated errors
Ground stations, Aircraft, Satellite

• generates optimized emission maps
• builds upon Copernicus Services

• The space component
shall observe
anthropogenic CO2
emissions using a
constellation of (3–4)
satellites with wide-swath
&high spatial resolution.
• Measurements of CO2
column-averaged dry-air
mixing ratios (XCO2) by
means of a pushbroom
imaging spectrometer

Precision

CO2 (primary)

0.5 – 0.7 ppm

NO2 (option primary)

1–2·1015 molec/cm2

Aerosol (option primary)

Load, height & type

Methane (secondary)

~8 ppb

Sampling

Preliminary setting

Spatial resolution

4 km2 for CO2, 1 km2 NO2/aerosol

Swath width per satellite

200–300 km (+100 km for NO2)

Area revisit time

Every 3 days (latitude >40o)
CO2
mission
2x2 km2

Band

• NO2 observed using an
imaging spectrometer
(400–500 nm at 0.5 nm)

Product (priority)

Credits:
IUP

Possible options:
• Aerosol observed using
a multi-angle polarimeter
(385–770 nm at 2nm)

Updated Fluxes and Inventories inc.
associated Error Characteristics

Data Assimilation and
Transport Modell Inverse
Modelling

NIR

Spectral
range
[nm]
747–773

SNR at
Spectral
resolution reference
radiance
[nm]
0.1

400 - 600

SWIR-1 1590–1675

0.3

300 - 500

SWIR-2 1925–2095

0.55

200 - 400

Research Studies Supporting the CO2 Monitoring Mission
The EC and ESA jointly convene a Task Force of experts to establish the observation requirements of the space component of the observing system. In consultation
with the experts, ESA has initiated a number of scientific and technology studies to refine and consolidate the mission requirements and instrument design.
Study & relevance
CO2 data assimilation

System Product Observations Instrument Start

End

Prime

XX

X

Inversion framework

X

XX

Use of tracers NO2/CO

X

XX

XX

Q1 2017 Q2 2018 EMPA (CH)

XX

XX

Q2 2017 Q4 2018 SRON (NL)

Use of aerosol info

Q3 2017 Q1 2019 iLab (DE)
Q2 2017 Q4 2018 LSCE (FR)

Refine spectral sizing

XX

X

Q3 2016 Q2 2018 SRON (NL)

End-to-end simulator

X

XX

Q4 2016 Q2 2018 IUP Bremen

X

XX

Q1 2016 Q3 2017 Various

X

XX

Q3 2017 TBD

OHB (DE)

Credits: IUP

Spectral bands sampled at the required spectral resolution with typical absorption
features as measured at top of the atmosphere observing scattered solar light

Credits: DLR

Credits: IUP

ACADIA – airborne

X

High resolution emission sources (left) & simulation (right) using the
high resolution weather model COSMO

Credits:
EMPA

Credits: LSCE

Sys. & ins. pre-dev

Assessment of spectral resolution,
bandwidth and signal-to-noise-ratio on
data quality here on real data by SRON

Detectability of various European
emission sources (above) are studied
in an inversion framework (right )

A simple inversion framework is used to estimate the impact of precision on source detection based on a set of
parameters determining the CO2 error (albedo, aerosol, clouds).
Credits: IUP
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