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Hyperspectral	Thermal	Emission	Spectrometer	(HyTES)	
Instrument	CharacterisAcs	

Instrument Characteristic 	 HyTES 	

Mass (Scanhead)1 12kg 

Power 400W 

Volume 1m x 0.5m (Cylinder) 

Number of pixels x track  512 

Number of bands  256 

Spectral Range  7.5-12 um  

Detector  Multi-stack QWIP 

Total Field of View  50 degrees  

Calibration  (preflight)  Full aperture blackbody  

Swath Width 1.8 – 3.6 km 
Pixel size at 2000 m flight 

altitude  3.64m 

Pixel size at 20,000 m flight 
altitude  36.4m 

Advanced	Instrument	Designs:	
William	Johnson	



1.  Methane	mapping:	IdenAficaAon	of	>100	emission	sources	of	methane	in	the	San	
Joacquin	Valley,	CA		
•  Oil	and	gas	fields,	managed	livestock	(dairies)	
•  Specific	a`ribuAon	of	sources,	and	distribuAon	
•  QuanAtaAve	esAmates	of	gas	concentraAon	

2.  DetecAon	of	criteria	pollutants:	NH3,	SO2,	H2S,	NO2	
•  Ability	to	disAnguish	between	different	gas	signatures	in	single	plume	
•  Monitoring,	miAgaAon,	and	improving	inventories	

3.  AcquisiAon	of	data	over	selected	HyspIRI	sites:		
•  e.g.	Teake`le,	Soaproot	Saddle,	Tonzi	Ranch,	Salton	Sea,	Cuprite	

4.  Urban	acquisiAons	(LA,	Santa	Barbara)	
•  Urban	temperatures	(heat	islands)	and	effects	of	shading	
•  Urban	materials	spectral	libraries	
	

5.  HyTES	PublicaAons:	
•  Hook	et	al.	2016,	Hulley	et	al.	2016,	Kuai	et	al.	2016,	Hopkins	et	al.	2016	

	

HyTES	Science	Highlights	(2014-2016)	



Thermal	Infrared	RadiaAve	Transfer	

In-Scene	Atmospheric	CorrecAon	(ISAC)	–	Hulley	et	al.	2016	





1.	HyTES	datacube	of	radiances,	R	 2.	Search	for	spectral	signature,	b,	assumed	to	be	linearly	
superimposed	on	background	signal.		
	

3.	Calculate	the	spectral	covariance	matrix	of	input	
radiances,	K	:	
	

4.	Compute	signal	filter	
vector,	q:	
	

5.	Applying	signal	filter	vector	to	datacube,	R	
produces	plume	signature	image	(intensity	
correlates	with	presence	of	desired	signature)	
	

HyTES	Plume	DetecAon:	Clu`er	Matched	Filter	(CMF)	
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Raw	CMF	 Plume	detecAon	 Plume	dilaAon	

Kern	River	Oil	Field	

Four	Corners	





Oil	ProducAon	Fields	–	Kern	River	Oil	Field,	Bakersfield	

1.  IdenAfy	persistent	sources	and	fugiAve	emissions	
2.  Refine	algorithms	(CMF	and	QR)	
3.  Focus	and	idenAfy	high	priority	sources	for	QR	processing	



**	Majority	of	emissions	are	from	large	infrastructure	(storage,	
processing,	distribuAon),	not	the	acAve	well	heads	themselves	



Managed	Agricultural	Systems	–	Bakersfield	Dairies	





Tracking	the	Aliso	Canyon	natural	gas	leak	in	Los	Angeles	

•  Began	Oct	23;	plugged	on	Feb	11;	sAll	outgassing	

•  Complex,	highly	variable	methane	source	

•  MegaciAes	Carbon	Project:	sustained	monitoring	of	
LA	basin	methane	emissions	(pre-leak,	ongoing)	

•  California	Laboratory	for	Atmospheric	Remote	
Sensing	(CLARS):		prototype	geostaAonary	
greenhouse	gas	imager	on	Mt	Wilson	

	
•  Airborne	Visible/Infrared	Imaging	Spectrometer	

(AVIRIS)	and	Hyperspectral	Thermal	Emission	
Spectrometer	(HyTES)	airborne	campaign	image	
primary	plume	and	detect	new	(secondary)	plumes	

•  Hyperion/EO-1	and	GOSAT	detect	methane	plume	
from	space	(GOSAT	result	not	shown)	

h`ps://megaciAes.jpl.nasa.gov	

Leak	in	progress	 Ajer	leak	plugged	

10-18	ppb/ppm	 5-10	ppb/ppm	

Leak	source	

•  ImplicaAons:	demonstrates	Aered	observaAonal	strategy	(surface,	air	and	space)	for	addressing	a	persistent	
challenge	–	understanding	methane	fluxes	

•  Future	work:	complete	data	processing,	validaAon,	and	synthesis	analysis	

CLARS	

Hyperion	 HyTES	 AVIRIS	

Oct	31	 Feb	11	

Jan	1	 Jan	17	

Jan	14	



AVIRIS	 HyTES	 NIST	LES	Model	

Secondary	source	AS1a	

Primary	source	AS1	

N

HyTES	QuanAtaAve	Retrieval	(QR)	–	Kuai	et	al.	2016	
• 	Adapted	for	HyTES	from	Tropospheric	Emission	Spectrometer	(TES)	algorithm	
• 	Simultaneous	retrieval	of	surface	and	atmospheric	quanAAes	
• 	Full	error	staAsAcs	
• 	Ability	to	retrieve	CH4	to	~20%	total	error	
	



Tracking	the	Aliso	Canyon	natural	gas	leak	in	Los	Angeles	
	
May	31:	public	release	of	methane	data	products	
	
	
	
	
	

•  MulAple	secondary	sources	(complex	sub-surface);	outgassing	conAnues	

•  Highly	variable,	complex	leak	in	first	30	days	(perhaps	significantly	larger	than	iniAal	reports)	

•  Exploring	possibility	that	Aliso	Canyon	was	a	persistent	methane	source	for	months-years	
preceding	the	October	23	blow-out	event	

AVIRIS	

Thompson	et	al.,	GRL	2016,	submi`ed	

AVIRIS	 HyTES	 CLARS	

Product	type	 Georec-fied	maps	of	
CH4	mixing	ra-o	
lengths	(units	ppm-
m)	

Georec-fied	CH4	CMF	
intensity	maps	and	
CH4	mixing	ra-os	
(units	ppm)	

Gridded	basin	wide	
XCH4:XCO2	correla-on	
maps	(units	ppb:ppm);		
wind	vectors	

Spa-al	
coverage	

Mul-ple	5km	x	30	
km	lines	centered	on	
Aliso	Canyon	

Mul-ple	100	km2	
surveys	of	Aliso	
Canyon	and	
surrounding	areas	

~	50%	of	LA	basin	(incl	
San	Fernando	Valley	
star-ng	Dec	15)	

Spa-al	
resolu-on	

6.6	m	 3.8	m	 1000	m	

Dates	 2016	Jan	12,	14,	Feb	
9,	19	

	2016	Jan	14,	17,	25,	
26	

2015	June	–	2016	March	

Frequency	 6-8	lines	per	flight	
day	

1-2	surveys	per	flight	
day	

5	samples	per	day	(when	
cloud,	aerosol	clear)	

h`ps://megaciAes.jpl.nasa.gov	
h`p://hytes.jpl.nasa.gov/	
h`p://aviris.jpl.nasa.gov/	

Preliminary	findings	(to	be	confirmed)	

Follow-up:	JPL	will	conduct	statewide	airborne	methane	
survey	this	summer	(funded	by	CA	agencies)	



h`p://hytes.jpl.nasa.gov/order	



HyTES	Browse	images	



Source	AS6?	

HyTES	CMF	



Summary	
•  HyTES	provides	wide-swath	(1-2	km),	high	spaAal	(~2m	at	

1-km)	and	spectral	(256	bands,	7.5	-12	micron)	TIR	images.	
•  Clu`er	Matched	Filter	and	QuanAtaAve	Retrievals	

developed	(Hulley	et	al.	2016,	Kuai	et	al.	2016)	
•  Ability	to	characterize	spaAal	distribuAon	and	idenAfy	

point	sources	of	methane	
•  Capability	to	detect	mulAple	chemical	species	(CH4,	NO2,	

H2S,	NH3,	SO2)	in	single	plume	
•  Complement	other	satellite	and	in	situ	observaAonal	

plaqorms	in	Aered	observaAon	strategy	to	improve	
scienAfic	understanding	and	decision-making	with	
methane	emission	sources	



Outline	
•  Instrument	characterisAcs	
•  Science	highlights	
•  Plume	detecAon	methodology	
•  Methane	examples	in	SJV	
•  MulA-species	detecAon	example	
•  Aliso	Canyon	(Porter	Ranch)	leak	
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Aliso	Canyon/Porter	Ranch	

Playa	del	rey	

Honor	Ranch	



Secondary	source	AS1a	
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Potential sources AS1a

AS1a_L1
� In the full retrieval results location AS1a is clearly visible on Jan. 14

f160114t01p00r09rdn
Location
34.315687, -118.564695
n AS1a_L1

Location AS1a_L1
Max enhance. : 11641.3 
ppm-m

Preliminary,	unvalidated,	not	for	
distribuAon		 22	

9

Potential sources AS1a

� Potential source may be associated with ravine directly below known 
emission source at AS1

Courtesy	A.	Thorpe,	G.	Hulley,	N.		Vance,	B.	Johnson	

AVIRIS	

HyTES	



AVIRIS	and	HyTES	both	detect	2	secondary	CH4	sources	at	
Aliso	Canyon	

23	Preliminary,	unvalidated,	not	for	
distribuAon		

5km	

Main	source	(AS1)	

Secondary	source	candidate	(AS1a)	

Secondary	source	candidate	(AS6)	



PotenAal	pathways	for	
CH4	gas	(leak	modes)	
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After Hamilton & Meehan and Seaver Center for Western History Research, Los Angeles County Museum of Natural History and saveballonawetlands BGS©NERC. All
rights reserved

Figure 22. Details of Californian oilfields. a) cross section of the leakage scenario
at the Fairfax Oilfield (after Hamilton & Meehan, 1992), b) skyline of oil
derricks at the Playa del Rey Oilfield (after Seaver Center for Western History
Research, Los Angeles County Museum of Natural History), c) general location
map of depleted gasfields and gas storage sites in California and referred to in
the text, d) gas bubbling up old leaking well in shallow water pond, Playa del Rey
(courtesy Jeanette Vosberg, Save Ballona Wetlands. 
See http://saveballona.org/techpages/well.html), e) map of the Playa del Rey

and Venice Beach oilfields with known well locations, f) schematic section of

Playa del Rey Oilfield showing gas leakage paths.
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Playa	del	rey	storage	facility	leaks	

same	Pico	
formaAon	
overlies	the			
Aliso	Canyon	
reservoir	

(A)	
(B)	

(D)	
(C)	

(A)  Direct	venAng	from	well	head	(inside	casing)	
(B)  VenAng	along/around	well	bore	via	casing-soil	gaps*	
(C)  VenAng	through	many	low-impedance	paths	(macro	seep)	
(D)  Slow	out-gassing	(micro	seep)	

*outer	casing	(cement)	
limited	to	top	990	j	and		
bo`om	500	j	of	well	

Point	
source	

Many	
point	
sources	
or	area	
source	?	
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>=1	km	

~	300	m	





26	Preliminary,	unvalidated,	not	for	
distribuAon		

Porter	Ranch	gas	leak	
airborne	campaign	
25	Jan	2016	update	

Riley	Duren,	Francesca	Hopkins,	David	Thompson,	Nick	Vance,	Glynn	Hulley,	Bill	Johnson,	
Bjorn	Eng,	Andrew	Aubrey,	ChrisAan	Frankenberg,	Andrew	Thorpe,	Seth	Chazanoff,			Charles	
Sarture,	John	Mihaly,	Zak	Staniszewski,	Michael	Eastwood,	Rob	Green,	Simon	Hook,	Chip	

Miller	and	the	ARFC	and	Twin	O`er	flight	crews	



QuanAtaAve	Retrieval	(QR)	–	Kuai	et	al.	2016	
• 	Adapted	for	HyTES	from	Tropospheric	Emission	Spectrometer	(TES)	algorithm	
• 	Simultaneous	retrieval	of	surface	and	atmospheric	quanAAes	
• 	Full	error	staAsAcs	
• 	Ability	to	retrieve	CH4	to	~20%	total	error	
	



Instrument First 
Deployed 

Bands Spectral 
Range 
(µm) 

Spectral 
Resolution 
(nm) 

IFOV*** 
(mrad) 

Max 
Scan (°) 

Pixels 
X-
track 

NEDT∗ 
(K) 

Detector 

AISA-OWL1 2014 96 7.7-12.3 100 1.10 ±24 384 25** HgCdTe 
HyTES2 2013 256 7.5-12 18 1.70 ±25 512 0.20  QWIP 
MAGI3 2011 32 7.1-12.7 175 0.53 ±42 2800 0.10  HgCdTe 
Sieleters B34 2011 38 8-11.5 80 0.25 ±7 - 0.15 HgCdTe 
MAKO5 2010 128 7.45-13.5 47 0.55 ±45 400-

2750 
0.05  Si:As 

SEBASS6 1995 128 7.6-13.5 46 1.10 ±3.6 128 0.05  Si:As 
LWHIS7 2003 128 8-12.5 35 0.9 ±3.25 128 0.035 HgCdTe 
 

*NEDT	=	Noise	Equivalent	DifferenAal	Temperature	(K)	
**	NESR	=	Noise	Equivalent	Spectral	Radiance		(mW/m2/sr/µm)	
***	IFOV	=	Instantaneous	Field	of	View	
1	Specim	(Finland)	
2	Jet	Propulsion	Laboratory	(USA)	
3,5,6	The	Aerospace	CorporaAon	(USA)	
4	Onera	(France)	
7	Northrop	Grumman	Space	Technology	(USA)	
	

Airborne	Hyperspectral	Thermal	Infrared	Systems	


