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A	Surface-to-Space	Atmospheric	Carbon	Observing	
System	for	Decision	Support	



•  Current	and	planned	surface,	aircraL,	and	
satellite	measurements	of	atmospheric	CO2	
and	CH4	

• Magnitude	of	important	carbon	emissions	and	
sink	signatures	

•  A	vision	for	a	future	observing	system	to	
provide	decision	support	services	

Outline	

Focus	here	is	on	CO2,	but	story	for	CH4	is	similar.	



There	is	broad	and	growing	consensus	that	rising	
atmospheric	CO2	is	a	planetary	emergency:	
	
•  The	Paris	Agreement	at	the	21st	Conference	of	the	Par5es	of	the	

UNFCCC	was	nego5ated	by	representa5ves	of	195	countries.	
	
•  The	agreement	opens	for	signature	on	Earth	Day,	22	April	2016.		

Some	120	countries,	including	the	US	and	China,	are	expected	to	
sign.	

	
	



There	is	an	urgent	need	to	transi5on	carbon	research	efforts	into	a	state-of-the	
science	greenhouse	gas	informa5on	system	for	decision	support.		Long-term	
monitoring	of	atmospheric	CO2	and	CH4	will	be	an	essen5al	component	of	this	
system.	



Several	recent	reports	describe	measurement	requirements	for	carbon	
observa5ons	to	advance	science	and	to	support	policy:	



•  Current	knowledge	of	global	CO2	and	CH4	budgets	is	based	primarily	on	in	situ	
measurements,	with	satellite	data	products	becoming	available	during	the	past	decade.		
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If carefully coordinated, these missions can  be 
integrated into an ad hoc constellation and their 
measurements can be combined to produce a 
continuous data record. 

However, none of these 
missions provides the 
capabilities needed to 
identify carbon/climate 
tipping points 
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Slide	courtesy	of	Dave	Crisp,	NASA	JPL	



Tracking	emissions	and	sink	changes	with	atmospheric	data:	
A	very	hard	problem	



Tracking	emissions	and	sink	changes	with	atmospheric	data:	
A	very	hard	problem	

	A	contribu5on	to	the	implementa5on	of	the	
U.S.	Carbon	Cycle	Science	Plan,	April	2002	

In	Situ	Large-Scale	CO2	Observa5ons	Working	
Group:	
	

Bender,	M.,	S.	Doney,	R.A.	Feely,	I.	Fung,	N.	
Gruber,	D.E.	Harrison,	R.	Keeling,	J.K.	Moore,		
J.	Sarmiento,	E.	Sarachik,	B.	Stephens,	T.	
Takahashi,	P.	Tans,	and	R.	Wanninkhof	
	
	

Note:	the	report	covers	oceanic	and	
atmospheric	observa5ons,	but	for	this	talk	
focus	is	on	atmospheric	measurements.		



	Large	Scale	CO2	Observing	Plan,	April	2002	



If	residence	5me	of	air	over	Los	Angeles	Basin	is	~3	hours,	then	column	signal	
downwind	would	be	1.25ppm.		
	

Magnitude	of	atmospheric	signature	of	various	carbon	fluxes:	



Signal	comparisons	and	measurement	requirements	for	con4nental-scale	fluxes	
	

Source	or	Sink		 Emission	Rate	
(GT	C	/	year)	

Column	CO2	signal	
downwind	of	
con4nent	
	(ppm)	

US	fossil	fuel	emissions	 1.4	 0.7	

20%	emissions	
reduc5on	

0.28	 0.14	

Biological	Uptake	
during	July	

5.8	 2.9	

Climate	Induced	
terrestrial	anomalies	

0.2	 0.1	

Detec4on	of	subtle	signals	resul4ng	from	changes	in	emissions	and	from	climate-
induced	biological	flux	anomalies	will	require	sensi4vity	of	~0.1	ppm	in	XCO2	
maintained	over	many	years.		





Use	a	simple	plume	model	to	
create	a	2D	field	represen5ng	
the	PBL	integrated	CO2.	
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•  Current	and	planned	satellite	
CO2	sensors	do	not	have	large	
enough	field	of	view	for	
emissions	monitoring.		

	
•  Geosta5onary	or	Low	Earth	

Orbi5ng	mapping	satellites	
have	been	proposed	to	
monitor	emissions	from	large	
point	sources	and	urban	areas.		

OCO-2	swath	width		is	~10km.	Figure	
shows	A-train	aLernoon	orbit	with	
10x10	km	pixel	size.	



Boundary	Layer	versus	Column	CO2:	

•  Relevant	signatures	of	CO2	and	CH4	emissions	are	very	small	in	the	column	--	
detec5on	with	satellites	will	be	extremely	challenging.	

	

•  In	situ	measurements	can	be	made	very	precisely,	but	measurements	are	sparse	and	
variability	in	proximity	to	sources	is	large.	
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Combina5on	of	thermal-IR	and	near-IR	satellite	measurements	should	enable	
separa5on	of	boundary	layer	versus	free-troposphere	signals	with	rigorous	data	
assimila5on	techniques.	



Commercial	aircraL	are	an	underu5lized	plaiorm	for	atmospheric	sampling	
and	could	provide	cri5cal	data	for	evalua5ng	satellite	retrievals	and	for	flux	
es5ma5on:	

•  Five	aircraL	
•  20	Airports		
•  >2000	ver5cal	profiles	

Japanese	CONTRAIL	program	has	been	making	con5nuous	CO2	measurements	on	Japan	
Airlines	flights	since	2005:	



European	In-service	AircraL	for	a		
Global	Observing	System	(IAGOS)	

GMC, Boulder, 17.-18.05.2016 

Plans	to	add	CO2	and	CH4	as	soon	as	cer5fica5on	is	finalized.	

Figure	courtesy	of	Andreas	Volz-Thomas	



IAGOS-CORE	Flight	Routes		
>	8300	flights	July	2011	-	May	2016	

GMC, Boulder, 17.-18.05.2016 
Slide	courtesy	of	Andreas	Volz-Thomas	

HAL	



NOAA	already	has	the	WVSS-2	commercial	aircraL	program	for	measuring	water	
vapor	from	more	than	100	commercial	aircraL:	



New	investment	and	coordina5on	of	exis5ng	resources	will	be	required	to	realize	a	
global	greenhouse	gas	informa5on	system	for	decision	support.	

•  Sophis5cated	data	assimila5on	systems	are	needed	that	can	u5lize	in	situ,	near-IR	and	
thermal-IR	measurements.	

	
•  A	thorough	and	coordinated	approach	is	needed	to	evaluate	retrievals	from	current	and	

future	greenhouse	gas	missions	and	to	establish	con5nuity	across	missions.		

•  Careful	observing	system	design	experiments	are	needed	to	evaluate	cost,	risk,	and	
informa5on	content	of	proposed	new	measurements.	

Final	Points	


