National Aeronautics and Space Administration @

GEOS-Carb IV: Delivering low-latency carbon
flux and concentration datasets in support of
NASA's Carbon Monitoring System

Core Science Team: Lesley Ott!, Joanna Joiner?, Benjamin Poulter!, Brad
Weir'2, Cecile Rousseaux', Tomohiro Oda3, Lionel Arteaga’#, Nikolay
Balashov'>, Michael Long'®, and Sourish Basu'°
Collaborators: George Hurtt?, Abhishek Chatterjee’, George J. Collatz!,
Eleanor Stokes?®

"NASA Goddard Space Flight Center, 2Morgan State University, 3Universities Space
Research Association, 4University of Maryland, Baltimore County, *University of Maryland,
College Park, 6Science Systems and Applications, Inc., “Jet Propulsion Laboratory

Global Modeling and Assimilation Office
G MAO gmao.gsfc.nasa.gov




National Aeronautics and Space Administration

Motivation

Integrate all relevant space-based observations to better understand the processes that
control both anthropogenic and natural influences on carbon dioxide concentrations.

Provide high quality, reliable information about greenhouse gases to researchers and
stakeholders around the world.

Increasingly, a broad range of users require timely information about global greenhouse
gas fluxes and concentrations:

« Measurement and field campaign planning

« Commercial satellite retrievals

« Boundary conditions for regional models

* Monitoring and verification of emissions

Key objectives for GEOS-Carb IV: Emphasis on lowering latency of flux and
concentration products through implementation of quasi-operational modeling systems
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Fossil Fuel Emissions

* Provided by the Open-

Observationally informed flux estimates

source Data Inventory
for Anthropogenic CO,

 National emissions are

redistributed using
powerplant database,
nighttime lights
observations .
 http://odiac.org

GMAO

Global Modeling and Assimilation Office
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Terrestrial Carbon Flux

Provided by the CASA-
GFEDS3 vegetation
model

Driven by MODIS,
AVHRR observations of
vegetation greenness,
burned area

Data available from
NASA GES-DISC

Fire Emissions

Provided by the Quick
Fire Emissions Dataset
(QFED)

Driven by MODIS fire
radiative power,
calibrated against
GFED

Data available from
NASA GMAO

Ocean Carbon Flux

Provided by the NASA
Ocean Biogeochemical
Model (NOBM)

Driven by assimilation of
ocean color data,
MERRA-2 forcing

Data available from

GES DISC, Giovanni
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Atmospheric concentration analysis for the most complete,

GMAO

data constrained view of atmospheric CO,
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« NASA's OCO-2 satellite, launched in 2014, measures the column-averaged dry air mole fraction of CO2
(XCO») in sunlit, clear sky conditions.
» Bias-corrected OCO-2 retrievals are assimilated into the GEOS Constituent Data Assimilation System
(CoDAS) to produce gap-filled 3-dimenstional CO, fields.
 When OCO-2 data are unavailable, gaps are filled using:
» All previous good quality OCO-2 retrievals
« MERRA-2 wind and atmospheric transport fields (~6M per 6-hr period)
» Observationally-informed flux package (e.g. night lights, NDVI, FRP, surface growth rate)
Currently supporting the OCO Science Team and beyond as a an L3 product
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Feb 14, 2021

Check out a moving version at: https://svs.gsfc.nasa.gov/4983,
Karen’s presentation at COP26: https://svs.gsfc.nasa.gov/31168



https://svs.gsfc.nasa.gov/4983
https://svs.gsfc.nasa.gov/31168
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Progression of XCO, Anomalies in OCO-2-GEOS Data —
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Progression of XCO, Anomalies in OCO-2-GEOS Data —
Indian Ocean Dipole and Australian Fires

A Jan 1-16 B Jan11—26 C Jan21 —Feb 5

30°N'
15°N

0°
15°S
30°S 4,

D Feb1-16 E Feb11-26 F Feb21—Mar?7
30°N
15°N

OO
15°S
30°S

45°E | 90°E 1 35°E

2020 XCO2 anomaly (ppm)

Global Modeling and Assimilation Office \ |
G MAO gmao.gsfc.nasa.gov ) )
| | S N ( >




National Aeronautics and Space Administration

Data from OCO-2-GEOS monitoring system support multiple
dashboards designed to make information on recent
environmental changes more accessible
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Toward lower-latency atmospheric CO, growth rates

Agreement in growth rate estimates between

ground networks and satellite-based
methods

« Total XCO, is benchmark similar to NOAA MBL

« Agreementin IAV
* No systematic bias

« Approaches within the NOAA MBL uncertainty

Atmospheric growth rate (ppm CO,)

OCO2-GEOS L3 products can support more rapid

carbon budgeting efforts (2-3m latency)
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Updates to Flux Components

Ocean
NOBM ocean fluxes updated through 2021.

Land

July 2021 NPP [g/m?/'month’]

B SN NOBM used to examine changes in primary
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First look at new CASA-based land flux estimates: i B -

» Ability to use MODIS reflectances for NDVI/fPAR N B
(previously only AVHRR) B "

« Ability to run daily instead of monthly " B

» Finer spatial resolution
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2001-2021 estimate completed, release pending 1 i
analysis with atmospheric observations c7 sl T Wl
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Future Direction: Example of low latency tagged tracers

Analysis monthly mean XCO2 (ppmv)
April 2020

Analysis - Baseline monthly mean XCO2 (ppmv)
April 2020
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April 2020

Fossil monthly mean XCO2 (ppmv)
April 2020
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Future directions — quasi-operational CH, and CO, forecasts
(leveraging MAP funding)

Monthly mean PBL CH4 201910

Mean Total CH, mole fraction of October 2019 (ppb)

1950 2000 2050 2100 2150

Working to incorporate CO, and CH,4 into NASA’s
GEOS Composition Forecast (GEOS-CF) — will
support field campaign planning, automated hot-

spot detection, and satellite retrievals.
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CH, tagged tracers

Wetlands

Mean Wetlands mole fraction of October 2019 (ppb)

560 580 600 620

Transportation

Mean Agriculture & Waste mole fraction of October 2019 (ppb) Mean Transportation mole fraction of October 2019 (ppb)

880 900 920 & 33 3.4 35 3.6 3.7 3.8 3.9
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Other natural

Mean Other Natural mole fraction of October 2019 (ppb)

Biomass burning

Mean Biomass Burning mole fraction of October 2019 (ppb)
102.5 105.0 107.5 110.0 112.5 115.0 117.5 120.0 55 56 57 58 59

G®DDARD

EARTH SCIENCES



National Aeronautics and Space Administration

COP27 contributions — building toward a GHG themed
hyperwall dashboard (more soon!)
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