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OCO-2	Validation	Plan:	2010
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OCO-2	Validation	Plan:	Now
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OCO-2	Validation	Plan:	Now
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ACOS/GOSAT:	Initial	Test
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• GOSAT	data	provided	a	chance	to	test	and	
refine	the	details	of	the	plan

• Wunch	et	al.,	(2011)	showed	how	the	
comparisons	between	TCCON	and	satellite	
data	should	be	performed

• Filtering,	bias	correction,	averaging	kernels,	
effect	of	a	priori	information,	coincidence	
criteria



OCO-2	Validation:	Today
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Wunch	et	al.	(2017)	Analysis:
• Comparisons	between	OCO-2	and	TCCON	for	all	OCO-

2	observation	modes
• Investigated	mode	differences	and	dependency	on	

geography
• Looked	at	variability	within	target	mode	observations
• Differences	by	mode	and	season
• Time	series	at	individual	TCCON	sites

Conclusions:
• Aggregated	OCO-2	XCO2	estimates	generally	compare	

well	with	TCCON	on	global	scales	
• Absolute	mean	biases	<	0.4	ppm
• RMS	differences	<	1.5	ppm

• Biases	remain	after	bias	correction
• Variability	due	to	surface	brightness	and	topography
• Ocean	glint	biases	at	high	latitude
• Latitude	bias,	largest	north	of	45°N



• Target	Observations	during	April	2018
• OCO-2	has	executed	424	target	
observations	since	August	8,	2014

• There	were	14	target	observations	
made	in	April	2018	(Table	to	left)

• First	observations	of	new	target	sites	
Los	Angeles,	CA	and	Niwot	Ridge,	CO

Target Location Date/Time MODIS 
Image

Railroad Valley 2018-04-27 20:54:13

Caltech 2018-04-23 21:15:43

Wollongong 2018-04-22 03:45:05

Railroad Valley 2018-04-20 20:48:11

Rikubetsu 2018-04-19 03:35:19

Los Angeles 2018-04-18 20:57:20

Saga 2018-04-18 04:28:14

Fairbanks 2018-04-17 22:01:43

Sodankyla 2018-04-14 09:59:37

Fairbanks 2018-04-08 22:07:49

Niwot Ridge 2018-04-08 20:21:48

East Trout Lake 2018-04-07 19:42:40

Lauder 2018-04-05 03:00:03

Wollongong 2018-04-04 03:57:04
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OCO-2	Target	Mode



• 19	possible	target	locations	
available	at	launch

• 27	possible	target	locations	
available	currently	(since	
July	2015)

• Two	new	target	locations	
starting	March	22,	2018:
• Los	Angeles	(Surface	

Observation)
• Niwot	Ridge	(SIF)	
• Location	of	Reunion	

Island	and	Boulder	
targets	updated

• Armstrong	TCCON	currently	
at	JPL	(OCO-3	testing)

• Poker	Flat	target	moved	to	
Fairbanks	(March	2017)
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OCO-2	Target	Mode
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OCO-2	Comparisons	to	TCCON:
Target	Mode

Bias	Corrected:
r2 =	0.925
As	of	January	2018

Uncorrected:
r2 =	0.879
As	of	January	2018

Figures		from	Matthäus Kiel
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OCO-2	Comparisons	to	TCCON:
Target	Mode,	Time	Series

Bias	Corrected:
r2 =	0.925
As	of	January	2018

Figures		from	Matthäus Kiel



• Considerations	that	go	into	
whether	to	select	a	target:
• Weather
• TCCON	site	status
• Time	since	most	recent	

clear	sky	target	
selection

• Not	too	many	targets	
in	a	region	over	a	short	
period	of	time

• Some	sites	are	easier	to	get	
than	others:
• European	sites	

sometimes	overridden	
due	to	ground	contacts
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Selecting	Targets
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• The	entire	OCO-2	validation	
plan	is	based	on	obtaining	
TCCON	data	
• We	alert	TCCON	PIs	about	
possible	target	observations	a	
week	ahead	of	time
• We	alert	TCCON	PIs	about	
selected	targets	12-24	hours	
ahead.
• TCCON	PIs	keep	their	status	
updated	on	the	TCCON	wiki	
allowing	that	status	to	be	
factored	into	target	decisions
• Provide	quick	turn	around	for	
TCCON	data	coincident	with		
target	observations	
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Selecting	Targets:	TCCON

Continued	thanks	to	our	TCCON	
partners	for	all	their	work	to	make	
OCO-2	a	success!



Figures		from	Chris	O’Dell

OCO-2	Nadir/Glint	Observations	
vs	TCCON:	Land
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OCO-2	Nadir/Glint	Observations	
vs	TCCON:	Land

Figures		from	Chris	O’Dell
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OCO-2	Comparisons	to	TCCON:	
By	Site

Figure		from	Debra	Wunch
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TCCON	Comparison	to	Aircraft,	
AirCore
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• Additional	
aircraft	data	
points	from	
KORUS-AQ	and	
ATom
• AirCore flights	
from	Lamont	and	
Lauder
• Additional	
profiles	from	
AirCore launches	
this	summer	at	
North	American	
sites

C.	Roehl,	et	al.,	Feist	et	al.,	Shiomi et	al.,	Kivi et	al.,	Posters	on	
Tuesday
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New	Target:	Los	Angeles

• Site	in	Los	Angeles	
near	observation	
sites	for	the	JPL	
Megacity	Carbon	
Project	and	strong	
emission	sites

• Southern	
California	
observations	in	
April	2018	shown
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New	Target:	Niwot	Ridge

• Site	for	SIF	analysis
• Elevation	of	10,000	ft	near	Boulder,	CO	
(40.0329N,	105.5464W)

• Target	location	contains	evergreen	needle	
forest	and	barren	areas	for	contrast

• Tower	with	SIF	spectrometer
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SIF	Target	- 2017:	Hyytiälä
• Hyytiälä,	Finland	was	
a	target	site	from	
March	2017	to	March	
2018 - SIF	focus
• In	support	of	the	
Fluorescence	Across	
Space	and	Time	
(FAST)	campaign	
• Surface	
measurements,	
drone	observations	
and	Flux	Tower

Albert	Porcar Castell	et	
al.
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Aircraft:	ACT-America

• There	have	been	12	OCO-2	under	flights	
during	ACT-America:

• Summer	2016	– July	27,	August	
5,	27

• Winter	2017	– February	13,	15,	
March	8

• Fall	2017	– October	22,	27,	
November	9

• Spring	2018	– April	18,	25,	27

• Analysis	of	ACT-America	Lidar	
measurements	of	CO2,	OCO-2	
observations	and	model	results	ongoing	
(Emily	Bell,	Colorado	St.	University)

OCO-2	Predicted	Ground	
Track	for	April	25,	2018

B-200	Flight	Plan
April	25,	2018
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Aircraft:	ATom
• ATom flights	have	
provided	vertical	profiles	
at	several	TCCON	sites:	
Ascension	Island,	Lamont,	
Park	Falls,	
Edwards/Armstrong,	
Eureka	and	Lauder	(12	
soundings	total)
• ATom observations		
(including	profiles)	over	
the	ocean	will	be	helpful	
for	OCO-2	validation	
analysis	(work	currently	
just	underway)
• This	was	prototyped	
with	an	analysis	using	
ACOS/GOSAT	data	with	
HIPPO	data	
(Frankenberg	et	al.,	
2016)



21

Summary
• Validation	of	OCO-2	data	by	comparisons	to	TCCON	has	

worked	well	
• TCCON	continues	to	provide	information	on	the	state	of		OCO-

2	data
• Expansion	of	the	TCCON	has	provide	new	opportunities	to	

validate	under	different	conditions
• OCO-3	will	utilize	the	validation	plan	doing	comparisons	to	

TCCON	data
• Also	learning	about	OCO-2	data	from	comparison	to	models,	

results	from	the	Flux	Inversion	group
• Analysis	ongoing	for	comparisons	to	aircraft	data	and	portable	

FTS	(EM27)
• Upcoming	campaigns:	Railroad	Valley,	Orleans,	Sodankyla,	

North	American	TCCON	sites
• Continuing	work	at	Fairbanks	(Niki	Jacobs)	with	EM-27	and	

target	observations

OCO-3	on	ISS

Fairbanks	during	OCO-2	
overpass	– April	14,	
2017


