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Overview

AOverview -8an®COGO

AWhat i s jnmeeasXudCe ment and how is it meas
AWhat are the characteristics of the mes
AWhat are the | imitations of the measur e
AHow do you interpret the measurement ?
AHow has the data been validated?
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Orbiting Carbon Observatory - 2 (OCO-2)
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OCO -2: Measurements Since September 2014

Orbiting Carbon Observatory - 2 Animation by Jeff Hall/JPL
Atmospheric Carbon Dioxide Concentration

. AV,;,:-— - ﬁ ‘4 vy
' 09/06/14 to O9ﬁ

NASAG6s Applied Remote Sensing Training Program



cCGO2 What are the different observation modes for OCO -27?
-

OCO -2 collects science observations in 3 different modes: Nadir, Glint, and Target

Nadir Mode, or looking straight down, Gl iMotdet,hepacecpaiftthe Tar gvwotd et, h ®©b s er v dtoocrkys
provides the highest spatial resolution i nstrutmewmanderi ghgtl int"iteiewnta specidurcf ac
on the surface and is expected to spowherselraardi aitseofnl ect edl oc atainodne t ati masti ewhi | e
return more useable soundings in fromheur f.akctehi glhati tudesfl yiowger he&od mpari ®6én
regions that are partially cloudy or ovetrheceanbservaaft bes Spaebeasednd groumbmased
have significant surface topography . bri gghltisngogr oviuddg 0100 measurgersovi aemeandg o
Nadir observations may not provide ti mesas much signaas i denaanticyorregst enmaand c
adequate  signal-to-noise over dark measurememrtod | ectwhdi | e randoemr o msh®CO2 XCQ
ocean surfaces. | ookisng aidpowtnwaradt he datmr oduct s

oceaqnwur f.acautshesefgl i nt

measuremeing i f ii anpm tolvye s

t hei ghanloi satovoetrhdar k

ocean

Videos by John Howard/JPL



Example: OCO -2 Nadir Tracks and Target Observations
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Orbiting Carbon Observatory - 3

Atmospheric Carbon Dioxide Concentration

07/01/20 to 07/‘1/20

OCO -3 coverage is denser than OCO -2 but geographlcally more limited . In the regions where both
datasets overlap, there will be science and applications that can be explored . ‘
9
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OCO -3 collects science observations in Nadir, Glint, Target,

0CO-3 Xco,

Target Mode (SRU+GPS), tccon106, "val_caltechCA"
Ops_B10305_r02

21:20 UTC 20 Aug 2021, Orbit 13006
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and Snapshot Area Map (SAM) modes.

0CO-3 Xco,
SAM Mode (BAD+GPS), fossil0005, "fossil_Los_Angeles_USA"
Ops_B10211 r02
18:52 UTC 26 Jun 2021, Orbit 12153
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OCO-2 vs. OCO -3 Instrument Overview

I R =

launch

orbit

coverage

footprint size @nadir

spectrometer

observed species

observation modes

off-nadir viewing

repeatability of
observations

NASAODSs

Appli ed

02 July 2014

sun-synchronous,
A-Train

pole -to-pole,
1330h ect

3 km?2

04 May 2019

precessing, ISS, 51.6°
inclination

52°S 8 52°N, variable

3.5 km?

3 bands: 0.765 pm, 1.61 ym, 2.09 um, 20,000
resolving power
(OCO -3 was built as the OCO -2 spare)

CO, dry-air column (XCO )
solar-induced fluorescence (SIF)

nadir, glint, target

move spacecraft

same local time
every orbit; spatial

repeat after 233

orbits (16 days)

Remot e

Sensing

nadir, glint, target, SAM

pointing mirror assembly
two mirrors: azimuth and
elevation, moving
independently

none! local time a little
earlier each day; day -by-
day change in latitude
coverage

Training

Nadir

Glint

Target, SAM

/
| Land

Program

4May2019 O&8C@pacéX
PaADcagon

Launch Capsul e

of Dragon
St agAafter

Capsul e 9from
Separation

OCO -3 on the Japanese External
Module
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What is the XCO , measurement and how Is it
measured?




Remote Sensing: 0 The acqui sition of 1
about an object or phenomenon without making
physical contact with i1t.0

In 1903, | b . . . l"b :;{QI
- t..‘ \ \'

pigeons were TR
sent out with = : Sely ' N
cameras to R
take aerial
photographs
over Europe.
Image Credit:
NASA
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Radi ance Spectra from
OCO2Spectrometers

ABO2 FP 5 of 8 Frame 3357 2019-06-26T18:57:37.333Z
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Wavelength {um)

Gas mol ecules in the Earthdos atmosphere absorb the

wavelengths. When light passes through the Earth's atmosphere, the gases that are

present | eave a distinguishing oOf] hat

ngerprinto t
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Wh at

NASAODSs

S

Appli ed

Remot e

fnheea sXuGCG ment and how 1 s It

XCO, is the column average volume mixing ratio. Thisis a
measure of the amount of carbon dioxide in the
atmosphere

Gas molecules inthe E a r tatmobsphere absorb the sunlight
at specific wavelengths . When light passes through the
Earth's atmosphere, the gases that are present leave a
distinguishing o f i n g e thatrcannbe @aptured

The OCO-2 and OCO-3 spectrometers, working like
cameras, detect these molecular of i nger ghem theé s 6
absorption levels shown in these spectra, like a captured
Image, tells us how many molecules were in the region
where the instrument measured .

Sensing Training Program 15""



What is the XCO , measurement and how is it measured?

NAS® Applied

Radiance

Remot e

R

Radiance
2
WimZumier)

(b)

Radiance
(W/m2/pm/sr)
=

0760 0765 0.770
Wavelength (um)

1595 1605 1615
Wavelength (um)

Sensing

205 207
Wavelength (um)

Training

Lo
Raw instrument data

U

L1a
Radiance spectra in engineering units

Color scheme

Not included in standard
products

Provided to data users by
0CO-2

U

0CO-211B
Calibrated radiance spectra

v U

ABO2 L2 Pre- IMAP-DOAS L2
processor Pre-processor
pre-screening of pre-screening of
L1B data for L1B data for
clouds/aerosols Fluorescence

U U

0CO-2 retrieval algorithm

2%

Lite data product: provided to
data users by 0CO-2

L2 solar induced fluorescence
(SIF) lite data products

0CO-2 L2 Data Products
(standard and diagnostic):
XCO2 with warn levels

Program

L2 filtered and bias corrected
Xcoz inthe OCO-2 lite data

products

16
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What are the characteristics of the measurement?

Orbit Track The OCO -2 instrument acquires a large
| number of densely -spaced samples, or

Satellite Direction
R, of oot printséo

There are 8 footprints across the swath .

Each footprint covers an area of about 3
km? when the instrument is looking
straight  down (nadir) along the
spacecraft's ground track .

Rolling Focal Plane Array
readout causes footprints
to be parallelograms

SEENENNRERENENEREEER
20 pixels per
spatial sample

Spatial sampling along ground track
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What are the characteristics of the measurement?

0OCO0-2/0CO-3 Simultaneous Nadir Overpass, 2020-04-28 0OCO0-2/0CO-3 Simultaneous Nadir Overpass, 2021-10-23 0OCO0-2/0CO-3 Simultaneous Nadir Overpass, 2021-12-23
OCO-3 Solar Day 05579, OCO-2 Orbit 30974, At = 7 sec OCO-3 Solar Day 13992, OCO-2 Orbit 38886, At = 575 sec OCO-3 Solar Day 14936, OCO-2 Orbit 39774, At = 150 sec
110.95°E 111.1°E 111.25° 111.4°E 111.55°E 111.7°E 6.45°W 6.3°W 6.15°W 6°W 5.85°W 1.2°E 1.35°E 1.5°E 1.65°E 1.8°E 1.95°E

14.25°N

14.25°N

13.95°N J

0CO-2 0, A Band Radiances [102° Photons/(sec m? sr um)]
0CO-2 0, A Band Radiances [102° Photons/(sec m? sr um)]
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3.6 EX:} 4.0 4.2 4.4 4.6 4.8 5.0 i 2.0 21 2.2 2.3 2.4 2.5 2.6 3 3 2.6 2.7 2.8 2.9
0CO-3 0, A Band Radiances [102° Photons/(sec m? sr um)] 0CO-3 0; A Band Radiances [102° Photons/(sec m? sr um)] 0CO-3 0; A Band Radiances [102° Photons/(sec m? sr um)]

Th&®©CO2swatcthhangiewi dt hr ougthlmhatbast hepacecrmratfddlecsndror bpathhe&CO3
swatwh di mnor eni f.ofrhre eexamplsdow-bandadi afo®@€02andOCO3si multamadiurs
over pa(swietglsier onBsgufTreesmKar osu
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AN

cCGO2 What are the characteristics of the measurement?

v — —

Image: NASA Worldview %

OCO -2 orbits the Earth 14.5 times a day, gathering data over sunlit, cloud -free regions.
Thisimage shows the locations of successful XCO, measurements for a single day (24" May 2021). .
20
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Image: NASA Worldview %

OCO -3 also samples cloud -free, sunlit regions, with orbital sampling that follows the track of the ISS
Thisimage shows the locations of successful XCO, measurements for a single day (24" May 2021). .
21
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What are the limitations of the measurement?

The presence of clouds and
optically -thick aerosols can
present challenges in measuring
XCO, in the complete
atmospheric column.

Uneven terrain such as
& Mmountains can also impact the
0910172015 to 10/02/2015 : : 12/0172015 to 010472016 quality of the XCO , estimate.

Parts Per Milliog by Volume

403 e o

High solar zenith angles also
make it more challenging to
obtain a good quality XCO ,
measurement,

Parts Per Milliog by Volume Parts Per Million by Volume

03/01/2016 to 04/01/2018 C O COSEREERNES 06/01/2016 to 070272016
30738 3™ 400 43 408 AW i an

MapefXCQal o @gO2o0r btirtad baJept embE¥GbDecemb2elGcMar c2h01&nd djune

20161 Il usttrheXC@gar i atainahat i tcwdveer aagsea f unctdfereas orhd oot pgii A
exaggerfhovwidsi.Oihleiotl paraslelxt emMmdo3M 0 A 1PppmPer sicilt ewdnsd havail adbfi | ity
sunl i ighihtlesat i tader agédwi nthemi sp.her e
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How do you Iinterpret the measurement?

300 . ; ; '
P P—— - The XCO, in the OCO-2/0CO -3 data

400} product is the column average volume
5o pciin mixing ratio. Thisisa measure of the amount
> Wesk of carbon dioxide in the atmospheric

column as a whole .

Pressure (mb)
(2]
o
(=

.y
o
o

~ This I1s not directly comparable to a
CO measurement at a single point, such as an in

2 situ measurement at a surface site, or at a
single point in the atmosphere

800¢

90 A A ' 2
984 386 388 390 392 394
cO, (ppm)
Image: https:// gml.noaa.gov /ccgg /aircore /

This figure shows amr efxialmp| me aoaduraed Oby

three different in situ measurement techniques from
airborne/ ball oon pRanfdoOB8®atEheé¢éi OEO

products provide an estimate of the total column average.
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How do you Iinterpret the measurement?

300f
400}

500f

soot Thermal Emission
| = NIR Absorption

700f

Pressure (hPa)

800f

900f
’ OCO

1000kt

NS
Altitude (km)

0 0.2 04 06 08 1 12
Averaging Kernel (arb. units)

NASAG6s Applied Remote Sensing Training Program

Spectrally resolved radiances in the near -
infrared (NIR) CO, bands, such as those
from the OCO missions, are sensitive to CO,
throughout the atmospheric column and
can be used in the estimation of surface
sources and sinks

Spectrally resolved radiances in  the
thermal infrared CO, bands are primarily
sensitive to CO, in the mid- and upper -
troposphere .

The figure  shows example column
averaging kernels for AIRS and OCO -2,
which provide an estimate of the sensitivity
of the remotely -sensed measurement to
the true atmospheric  profile. Column
averaging kernels are provided as part of
the data product .



How do you I nterpret the measur e me

The vertical sensitivity of the remotely -sensed XCO, measurement is scene -
dependent . Examples below show averaging kernels for simulations over
different surfaces, solar zenith angles, and aerosol conditions .

= vegetation e = vegetation
£ 200 S S & 200 \ SZA 188
o 400 I o 400! ‘ .250'0
5 600 < 5 600 \ 2070
< 8888 | a3 4888 i
@ S 00 0.5 1.0 1.5 T % o0 0.5 1.0 1.5
© ak © k
o S °
o = savannah B s savannah
%) a 0 -_— O v =
c £ 200 - — & 0 -\
9 o 400 \ 8 o 400 N
T 3 600 O > 600; i
s | D T | St
Q
= 0.0 0.5 1.0 15 - = 0.0 0.5 1.0 1.5
ak 2 ak
— -
© e,
© Ea snow = - snow
Z Y 0 — — 4 R —————
o 400 £ o 400} N
é 600 7 5 600 /
— 0 :
8 1888 » 5 818881 | j
* 00 0.5 1.0 1.5 A ¢ 00 0.5 1.0 1.5
ak = ak

NASAG6s Applied Remote Sensing Training Progra FiguBesseth



How has the data been validated?

https:// gml.noaa.gov /ccgg /
aircore /

Image Credit: TCCON htt pgsml/./noak.cglv
aircraft/
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