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CH4 measurements from space

SCIAMACHY on ENVISAT
2002 — 2012

TROPOMI on
Sentinel-5 Precursor
2016 — (2023)

Sentinel-5
2020 - ...




CH4 measurements from space
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Spatial sampling —TROPOMI versus SCIAMACHY

MODIS resolution
500x500 m

SCIAMACHY resolution
120x30 km (channel 8)
60x30 km (channel 6)




Spatial sampling —TROPOMI versus SCIAMACHY

MODIS resolution
500x500 m

TROPOMI resolution
7x7km (SWIR)

TROPOMI will observe as many
cloud-free pixels in one day as
SCIAMACHY in one year.




Spatial sampling —TROPOMI versus GOSAT

GOSAT (0.22 meas/sec)

TROPOMI (216 meas/sec)
1000x more measurements




Spatial sampling —TROPOMI versus GOSAT

GOSAT (0.22 meas/sec)
CH4 product for only
1/3 of cloud-free data,
due to retrieval filtering

TROPOMI (216 meas/sec)
1000x more measurements




Comparing different satellites

Satellite/inst Satellite Instrument
rument type type
SCIAMACHY scanning grating
(960 km spectrometer
swath)
GOSAT pointing Fourier
transform
spectrometer
TROPOMI pushbroom (immersed)grati

(2600 km  ng spectrometer
swath)

Footprint
size

~60x30 km
(1800 km?)

~10 km
diameter
(80 km?)

~7X7 km
(50 km?)

Hmeas.

per
second

1.35

0.22

216

Sensitivity
per meas.
(XCH4 %0)

1.5-4.5%

0.25-0.5%

=0.1 0.3%




Global coverage in 1 day




TROPOMI combines the best of both worlds :

High sensitivity per measurement (GOSAT)
With global continuous coverage (SCIAMACHY)

Global coverage in 1 day




Sentinel 5 precursor

COPERNICUS ATMOSPHERE MISSION IN POLAR ORBIT

 The ESA Sentinel-5 Precursor (S-5P) is a pre-operational
mission focussing on global observations of the atmospheric
composition for air quality and climate.

 The TROPOspheric Monitoring Instrument (TROPOMI) is the

payload of the S-5P mission and is jointly developed by The
Netherlands and ESA.

 The planned launch date for S-5P is 2016 with a 7 year design
lifetime.

TROPOMI

> UV-VIS-NIR-SWIR nadir view grating N
spectrometer. Total column
0,, NO,,S0,, CO, CH,, CH,0,H,0,BrO
> Spectral range: 270-500,

675-775, 2305-2385 nm > Tropospheric column
0,, NO,

> O, profile

Contribution to Copernicus

> Spectral Resolution: 0.25-1.1 nm

> Spatial Resolution: 7x7km2 L
> Aerosol absorbing index &

> Global daily coverage at 13:30 local solar layer height

time.

Loose formation flying with Suomi-NPP




The TROPOMI Instrument
Assembled TROPOMI instrument The SWIR module

Reduced size thanks to new immersed
grating technology. This technology will
also be used for Sentinel-5.




The 2.3 Hm spectral range (SWIR)

transmission
Spectral range contains
information on:
Methane
«Carbon monoxide
*(HDO/H,0)

Quality requirement for
operational data product:

CO: 10 % precision /
15 % bias

CH,: 1 9% precision /
1 % bias

2340 2360
wavelength [nm]




Retrieval approach for CH4

Light path can be shortened
or enhanced due to
atmospheric scattering.

Our retrieval algorithm
(RemoTeC) infers
Information an trace gases
and atmospheric scattering
simultaneously from the
measurement

-=> full physics method




Retrieval approdjes
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or enhanced due to
atmospheric scattering.

Our retrieval algorithm
(RemoTeC) infers
Information an trace gases

and atmospheric scattering
simultaneously from the
measurement

-=> full physics method

Solve non-linear ill-posed
Inverse problem using
iterative regularized Gauss-
Newton method




Performance evaluation on synthetic global
ensemble of TROPOMI measurements

Input simulations:

AOT from MODIS

Realistic aerosol
type, size, height
from ECHAM5-HAM

Cirrus optical
thickness, height
from CALIPSO

Surface albedo from
SCIAMACHY

CH, and CO profiles
from TMS

Ensemble of 9030 simulations (cloud-free, land only)
Butz et al., JGR, 2010
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Aerosol filter

Aerosol+cirrus filter
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Performance evaluation with real GOSAT data:
Validation with Total Carbon Column Observing Network (TCCON)
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Ground-based network of spectrometers set up for the
validation of satellite measurements of CO,, CH,, N,O, HF, CO, H,O
and HDO columns

We used 12 stations for validation of GOSAT CH, columns




GOSAT-TCCON XCH4 correlation (2009-2014)







Interesting science




Summary

SCIAMACHY (2002-2012) provided first CH, and CO,
measurements from space.

GOSAT (2009) is first dedicated Greenhouse Gas mission (CH,,
CO,). Improved accuracy but limited sampling/coverage.

Sentinel-5 Precursor (2016) will combine high accuracy, high
spatial resolution (GOSAT) and good coverage/sampling
(SCIAMACHY).

Long term European continuity through Sentinel-5 (2020+).




Summary

S5P operational data processing will deliver atmospheric key
products, such as CH, and CO.

Scientific data processing can deliver interesting products, such
as HDO, H,0, fluorescence, CH, retrievals over cloudy ocean.

RemoTeC as operational CH4 retrieval algorithm.

Performance tested on synthetic global ensemble and real
measurements (GOSAT).

Validation with ground-based measurements (TCCON).




