2020 Earth System Science Pathfinder Program Forum

Orbiting Carbon Observatory – 2 (OCO-2)

David Crisp for the OCO-2 Team
Jet Propulsion Laboratory,
California Institute of Technology
October 15, 2020
© 2020 California Institute of Technology.
US Government sponsorship acknowledged

OCO-2 – 2020 ESSP Forum

Page 1

1

OCO-2 Project Overview
Salient Features:
• Dedicated spacecraft (Northrop Grumman Corporation)
• High-resolution, three-channel imaging grating spectrometer (JPL)
• Launched: 02 Jul 2014 on a Delta II from VAFB, CA
• Flies in formation with the A-Train (705 km, 13:36 MLTAN)
• Nominal mission duration: 2 years
• Data product archive and distribution via Goddard Earth Science
Data and Information Services Center (GES DISC)
Program/Project Leadership:
• Program Scientist: Dr. Kenneth Jucks, NASA HQ
• Program Executive: Jamie Wilson-Wicks, NASA HQ
• ESSP Program Manager: Greg Stover, Mission Manager: Brooke Thornton
• Project Scientist: Dr. Michael Gunson, Deputy: Dr. Annmarie Eldering (JPL)
• Project Manager: Mark Garcia (JPL)
• Science Team Leader: Dr. David Crisp (JPL)
OCO-2 – 2020 ESSP Forum

Page 2

2

The OCO-2 Mission and Data Products
• OCO-2 was launched on 2 July 2014 and it 3channel imaging, grating spectrometer has been
routinely returning science observations since
September of that year

XCO2

Hakkarainen et al. Remote Sensing, 2019

• OCO-2 data are being used to estimate the
column-averaged CO2 dry air mole fraction (XCO2)
with unprecedented resolution and coverage over
the globe
• OCO-2 is also returning estimates of solar induced
chlorophyll fluorescence (SIF), which provides
additional information about CO2 uptake by the
land biosphere
• OCO-2 is now entering its second extended
mission with a healthy spacecraft and instrument

SIF
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The Carbon Cycle Did Not Recover as Expected from
the 2015–2016 El Niño

During the 2015-2016 El Niño, tropical forests emitted ~3 PgC more CO2 relative to 2017-2018
• The efflux starts in Tropical Asia, followed by Tropical Africa and then Tropical America
• Each region contributes about 1 PgC to this 2-year total difference
Tropical forests have continued to be net sources of CO2 throughout the OCO-2 record

OCO-2 Flux MIP Team
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Cropland Carbon Uptake Delayed and Reduced by 2019
Midwest floods
Science Questions

Results

• How did the vast 2019 Midwest floods
impact the cropland carbon cycle?
• Can we observe anomalies from space?
• Do observations of solar-induced
chlorophyll fluorescence (SIF) and
atmospheric CO2 provide consistent
information?

• Flood-induced delay in crop planting
shifted the 2019 SIF seasonal cycle by
16 days and reduced the peak value by
~15% compared to 2018
• A ~100 million-ton reduction in net
ecosystem uptake in June and July is
consistent with the observed increase in
atmospheric CO2 as simulated with
atmospheric transport model

SIF 2019 (July)

2019-2018

GRACE/GRACE-FO

Reduction
in GPP

Significance
Crop Area Ratio

~15% reduction in peak
SIF values in Midwest
croplands observed by
TROPOMI and OCO-2.

Enhancement
in XCO2

• Demonstrates a way to reconcile bottomup SIF-based and the top-down CO2based estimates of carbon anomalies.
• Demonstrates a way to monitor climate
anomalies in near-real-time from
spaceborne measurements.
Yin et al., AGU Advances (2020)
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OCO-2 Quantifies Emissions from Individual Power Plants
With OCO-2’s high sensitivity (~0.5 ppm) and small spatial footprints (< 3 km2) it can detect and
quantify intense point source emissions more than 50 km downwind from the source. The extended
mission will provide many more opportunities for coincident observations of point sources with OCO-2,
OCO-3, and TROPOMI (adapted from Reuter et al., 2019).

(A) OCO-2 XCO2 ground track (bright track) superimposed on a TROPOMI NO2 column abundance map
showing the combined plumes from the Mantiba and Medupi power plants in South Africa on 11 July, 2018. (B)
correlated XCO2 and NO2 emissions. The NO2 results verify the direction of the plume and its origin.
Reuter et al., ACP 2020
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OCO-2 Summary
• As the OCO-2 XCO2 and SIF data records have grown and their accuracy has improved, they
have been widely adopted to study the global carbon cycle and its response to climate variability.
– Tropical forests in the Amazon, Central Africa and Southeast Asia, once widely thought to strong
absorbers of CO2, now appear to be large net sources of CO2 when averaged over the seasonal cycle
– Massive Midwest floods in 2019 delayed crop planting, shifted the 2019 SIF seasonal cycle by 16 days,
relative to 2018 and reduced the net ecosystem uptake of carbon in June and July by ~100 million-tons

• OCO-2 XCO2 data are being used to quantify CO2 fluxes from compact sources, such as large
urban areas and individual powerplants
– OCO-2 data are now being used to assess trends in per capita emissions from as a function of
population density, power production, manufacturing and affluence

• The utility of the OCO-2 products for all of these applications are critically dependent on their
precision and accuracy
– Recent improvements in OCO-2 retrieval algorithms have been incorporated into the version 10 data
products, which are now available at the GES DISC
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