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Motivation T estimating anthropogenic emissions with satellite @
observations (made close to the sources)

Anthropogenic GHG emissions are recognized as cause of the climate change,
so extra focus is now on slowing down and reversing global warming (Paris
agreement), through GHG emission reduction by all UNFCCC parties

UNFCCC system for emission reduction/trends reporting set time periods of 5
years, eg 2016-2020, the countries national emission inventory reports (using
IPCC Guidelines on Inventories) will be summarized in a step called global
stocktake (3 years later, 2023), and compared to observed GHG trends.

Studies made for National Emission Inventory verification targeting CH,
emissions in Switzerland (Henne 2016), UK (Manning 2011), India (Ganesan et
al 2017) use high resolution (0.1 to 0.3 degrees) regional Lagrangian transport
modeling, as most efficient for studying anthropogenic emissions of CH,

Global inverse modeling products, assessments such as CAMS, GCP-CH4 would
benefit from upgrading to use of high resolution transport resolving the
anthropogenic plumes at resolution of the satellite pixel (7 i 10 km)




Transport model: Coupled Eulerian-Lagrangian transport model (NIES
TM + Flexpart) at 0.1 degree spatial resolution

-Configuration of NIES-TM
- resolution 2.5 degree
- reduced grid near poles
- mass conserving meteorology, mass
fluxes on hybrid isentropic vertical
coordinates

-Configuration of Flexpart
-JCDAS meteorology (1.25 deg, 40 model
levels, 6 hourly)
-surface flux footprints estimated on 0.1x0.1
deg, daily step
-time window 3 days (for coupling to NIES-
TM at 0 GMT)
-for coupling to NIES-TM, 3D concentration
footprints estimated on hybrid-isentropic

vertical grid at 2.5 deg horizontal
resolution

-Adjoint of coupled model
- hand-coded adjoint with same CPU cost in
forward and adjoint modes, revised after
Belikov et al GMD 2016
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Example of adjoint model simulation of the
observation footprint. Sensitivity of CO,
concentrations ppm/(umol/(m?/s)) to surface fluxes,
at TCCON site locations: Belikov et al ACP 2017
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Prior fluxes for CH, flux optimization with flux resolution of 0.1 deg @

Prior fluxes, sinks:

A EDGAR 4.3.2 anthropogenic:
fossil/industrial, coal, oil and
gas, municipal and agriculture

2. VISIT - wetland and soil sink

3. GFAS fire (daily)

4. Termites, ocean, geological as
in Transcom-CH4

5. 3D monthly OH, O'D, Cl as in

% e ) Transcom-CH4

VISIT wetland fluxes
remapped from original 0.5
deg to 0.1 degree using maps
of wetland area (GLWD 1km)

Flux corrections estimated for 2 flux categories

1. Anthropogenic, uncertainty 0.3 of EDGAR 4.3.2, monthly

2. Wetlands, uncertainty 0.5 of VISIT (Cao), monthly climatology-Time window: 18
month, from Oct, prev. year i Mar , following year.

Optimization problem: reconstruct bi-weekly fluxes, at resolutions of 0.1 d- e g, fiowe e

defined as ¥4 of a month 3



Inverse model input i ground-based and GOSAT data

Location of ground-based
measurement sites of
atmospheric CH4.

-Data

providers: WDCGG,

NOAA, ECCC, LSCE,
ICOS, JR-STATION,

NIES/CGER, FMI

Black: stationary sites
Blue: ship cruises

GOSAT CH4 retrievals
v02.72



