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Measuring CO, from Space

* Record spectra Retrieve variations in Validate measurements
of CO, and O, the column averaged to ensure X,,,accuracy
absorption in O, dry air mole of 1 ppm (0.25%)
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The Pioneers: GOSAT and OCO

24 Feb 2009

GOSAT launched successfully OCO was lost a month later
on 23 January 2009 when its launch system failed
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Rebuilding the OCO-2 Mission
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The OCO Instrument — Optimized for
Sensitivity

LLLIV TR LR TRl )

0.765um O, A-Band CO, 1.61pm Band CO, 2.06 um Band

Each 1/3 sec frame includes 8 spatial footprints with 1,016
wavelengths in 3 spectral channels.
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0OCO-2 Sampling Approach

O, A-Band
CO,1.61 um Band

1 CO, 2.06 um Band

The OCO-2 instrument collects 24 soundings each second as it flies
over the sunlit hemisphere of the Earth, yielding almost 1 million
soundings each day
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@ The Glint/Nadir Observing Strategy has
been Optimized for Data Yield
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The glint/nadir observation strategy was refined to maximize the number of full-
column X, retrievals. The “optimal” strategy, implemented in November 2015
acquires ocean glint on orbits predominately over the Atlantic or Pacific Oceans.
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The OCO-2 XCO2 Retrieval Algorithm
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A Quick Look at the OCO-2 Prime Mission
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Measuring CO, from Space:
the OCO-2/GOSAT Collaboration

Vicarious Calibration Retrieval Algorithm Validation
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ACOS/GOSAT B7.3, and OCO-2 v7 XCO2
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Localized Sources
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Anthropogenic Emissions

OCO-2 mean XCO anomalies, 2014 2016
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The 2015-2016 El Niiho




How did the Carbon Cycle Respond to
the 2015-2016 El Nifo?

e OCO-2 was launched less than 9 months before the onset of
the intense 2015-2016 El Nino

e During recent El Ninos, the rate of CO, buildup has increased,
but there are several unanswered questions:

— What are the relative roles of the ocean and the atmosphere in
the observed CO, increases?

— What are the relative roles of drought, heat stress, and fire on the
emissions of CO, from land during El Nino?

— What are the implications of these changes for Climate/Carbon
Cycle interactions as the climate warms?

 The unprecedented resolution and coverage provided by
OCO-2 provides new ways to address these other questions
about interactions between the climate and carbon cycle
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Carbon system in the Tropical Pacific
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CO, OUTGASSING

Dijkstra [2006]

 Normal conditions: upwelling of cold subsurface waters that
have high potential pCO, + inefficient biological pump —
strong CO, outgassing

e El Nino conditions: deepening of thermocline, reduction in
upwelling, weakening of trade winds + more efficient
biological pump — decreases CO, outgassing by 40-60%
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2015-2016 El Niino: Fires
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Xco2 €nhancements over
Indonesia observed by
OCO-2 between July
and November 2015.

Fire emissions estimates
from the GFAS and
GFED inventories to
emission estimates
obtained from OCO-2
data, using two analysis
approaches. The OCO-2
estimates are less than
70% as large as those in
the inventories.
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“Top-Down” Flux Inversion Estimates

In situ CO,
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' Solar-Induced Chlorophyll Fluorescence (SIF)
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@ Solar Induced Chlorophyll Fluorescence (SIF)

(a) OCO-2 SIF @757nm (2015) (b) GOME-2 SIF @740nm (201 5)
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2015 El Nino and 2011 La Niha annual
biosphere fluxes and their differences
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Reduced GPP
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Key Results
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A New Data Product: OCO-2 Build 8

e Improved L1B Spectra
— Fast (icing) and slow (solar diffuser) degradation corrected
— Corrected zero level offset A-band detector
* Retrieval algorithm updates
— Gas absorption cross sections (ABSCO 4.2 vs 5.0)
— Added an optically-thin, stratospheric aerosol type
— More realistic land surface reflectance model (soil BRDF)
— Updated cloud screening, bias correction, and warn levels
— Other small improvements
= Changed prior meteorology from ECMWF - GEOSS (FP-IT)
» Revised X, and Cirrus priors

= Updated top of atmosphere solar spectrum
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Tracking and Correcting Biases

With Strat Aerosols

* High bias seen over southern

hemisphere oceans (glint) March-
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A Preview of the Version 8 Product
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Comparisons to TCCON
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Validating Space-based Measurements
against International Standards

e GOSAT and OCO-2 data were validated against the Total Column
Carbon Observing Network (TCCON)

e TCCON is validated against the WMO standards profiles from in
situ instruments on aircraft

e Other standards, including aircraft campaigns (HIPPO, ACT-
America, Atom) also used

* These validation methods must be maintained and expanded to
support future observations from LEO, GEO and HEO platforms
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Differences in Coverage between B7 and B8

Jan-March, 2015, B8 Jan-March, 2015, B7

180  120W  BOW C BOE  120E 60E

B8-B7, Jan-March, 2015

B8 has substantially more coverage
than B7 at high latitudes in the
winter hemisphere, but some of the
results appear to be anomalous —
such as the low values seen over
central Asia

(Liu et al. 2017)
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Summary of B8 — B7 Differences

« The B8 product has a better overall agreement =
with TCCON and other truth metrics

* B8 X0, Is lower than B7 X4, over tropical land, ...
but higher over the tropical ocean;

=> Land-ocean gradient smaller in B8

17.47°S

* B8 X0, Is lower than B7 X4, during summer,
but higher during winter in the NH.

18.13°S

=> B8 has larger NH seasonal amplitude than B7

- B8 and B7 have large X4, differences over high
topography and bright surfaces, such as desert. s

* B8 X, Over land is lower than B7 X, over

Mang=397.58 ppm

land, and the difference becomes larger in 2016. e

122.35°E

(Liu et al. 2017)

N Hocean=399.19 ppm
|l  ocean=0.30 ppm

Wang=398.58 ppm
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Preliminary Flux Inversion Results:
Northern Mid-latitudes

ZB: N. Midlatitudes

(Sean Crowell et al.|

2015 Annual Mean (PgC per ) 2016 Annual Mean (PgC per y)
0 0
- _-‘ 1 . _1 1
=
]
o2 -2 1
£
% —3 -3
= EEE Frior
- 5
—4 -4
| LG
Pri IOI’ Prlor
Monthly Median Fluxes (ch per y]
20 1
10
> o
bl
a
(9]
& —10+
5
2 — Prior
07— 5
LN
-301 — IG
LI
10/14 115 415 715 10415 116 416 716 10116 1717

Inversions using OCO-2 XCO2 (B7) have a larger seasonal cycle than prior or
simulations using only in situ observations. The phase is also shifted earlier.
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Space-based GHG Measurement

Capabilities are Advancing Rapidly
' « TanSat Launched on 22 Dec 2016
« Sentinel 5p Launched on 13 Oct 2017
 NASA Earth Ventures GeoCarb Selected
CNES MicroCarb Approved for Implementation

PAST

NEAR FUTURE* PRESENT

LATER*

C(‘,éz NEAR FUTURE and LATER Missions are Pre-Decisional Information -- For Planning and Discussion Purposes Only 37




Summary

e Space-based remote sensing observations hold substantial
promise for future long-term monitoring of greenhouse gases

— These data complement existing ground-based and aircraft based
in situ data with increased coverage and sampling density

e The GOSAT and OCO-2 missions are beginning to
demonstrate these capabilities

— Their products have been cross-calibrated, cross validated and
combined to produce an 8-year record that is now being used in
studies of the global carbon cycle

A new OCO-2 data product (B8) has been delivered to the
Goddard Earth Science Data and Information Services Center
(GES-DISC) for distribution to the science community:

https://disc.gsfc.nasa.gov/datasets?page=1&source=0CO-
2%200C0%20SPECTROMETERS
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