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Level-2	Flow	Schema/c	

L1A	Products	

L1B	Products	

L2	Products	

PGE	modules	

Intermediate	data	

Other	agency	data	

•  Path	Radiance	
•  TransmiZance	
•  Sky	Irradiance	

Atmospheric	
Correc/on	

Temperature	
Emissivity	
Separa/on	

Calibrated	Sensor	
Radiances	

Cloud	
Masking	

MERRA2/NCEP/GEOS	5	
Atmosphere	

Surface	
Radiance	
Calcula/on	

Cloud	Mask	

Space/Time	interp.	atmospheric	fields:	
•  Surface	Pressure	
•  Air	Temperature	Profile	
•  Rela/ve	Humidity	Profile	
•  Geopoten/al	Height	

L2	Products	

Geoloca/on	
Parameters	

Code:									C++	
Timing:						~5	minutes	for	one	ECOSTRESS	granule	(~25	million	pixels)	
Runconfig:	Mul/ple	run/me	op/ons	(cloud	thresholds,	atmospheric	data,	WVS	model)	

•  Total	Water	Vapor	

L3	

L3	

**Retrieve	on	all	pixels					
regardless	of	cloud	

L3	



SDS Long Name Data type Units Valid 
Range 

Fill 
Value 

Scale 
Factor 

Offset 

Group L2 LSTE Data 
LST Land Surface 

Temperature 
uint16 K 7500-

65535 
0 0.02 0.0 

QC Quality control for 
LST and emissivity 

uint16 n/a 0-65535 0 n/a n/a 

Emis1 Band 1 emissivity  uint8 n/a 1-255 0 0.002 0.49 
Emis2 Band 2 emissivity uint8 n/a 1-255 0 0.002 0.49 
Emis3 Band 3 emissivity uint8 n/a 1-255 0 0.002 0.49 
Emis4 Band 4 emissivity uint8 n/a 1-255 0 0.002 0.49 
Emis5 Band 5 emissivity uint8 n/a 1-255 0 0.002 0.49 
LST_Err Land Surface 

Temperature error 
uint8 K 1-255 0 0.04 0.0 

Emis1_Err Band 1 emissivity 
error 

uint16 n/a 0-65535 0 0.0001 0.0 

Emis2_Err Band 2 emissivity 
error 

uint16 n/a 0-65535 0 0.0001 0.0 

Emis3_Err Band 3 emissivity 
error 

uint16 n/a 0-65535 0 0.0001 0.0 

Emis4_Err Band 4 emissivity 
error 

uint16 n/a 0-65535 0 0.0001 0.0 

Emis5_Err Band 5 emissivity 
error 

uint16 n/a 0-65535 0 0.0001 0.0 

EmisWB Wideband emissivity uint8 n/a 1-255 0 0.002 0.49 
 

ECOSTRESS	Level-2	Products	



 
Hulley et al. 2012 (Uncertainty Analysis Study) 

 LST Uncertainty (K) 
 
Surface types  

Samples  
MODTRAN 
Simulations  

  
3-band TES 

 

  
5-band TES 

 
 

 
Dense vegetation,  
Water,  Ice, Snow 

 
8  

660,096 
 

2.19  
1.63 

 
Rocks  

48  
3,960,576  

 
1.44  

1.45 
 
Soils  

45  
3,713,040  

 
0.89  

0.91  
 
Sands  

10  
825,120  

 
1.12  

0.99  
  
 
Total  

111  
9,158,832 

 
1.49 K  

1.13 K 

LST	Uncertainty	Analysis	

TES	5-band	approach	meets	~1	K	accuracy	capability	for	ECOSTRESS	
(Requirement	is	2	K)	



LEVEL-2	TASK	 Comple;on	
Simulate	L1/L2	Products	(VIIRS,	ASTER)	 01-31-2016	

L2	Documenta/on	(ATBD,	PSD)	 02-23-2016	

L2	Code	conversion	to	C++	 07-22-2016	

Installa/on	of	necessary	libraries,	radia/ve	transfer	models,	
Ancillary	data	(ASTER)	

07-25-2016	

Metadata,	uncertain/es,	cloud	mask,	error	logs		 07-29-2016	

L2	code	tes/ng	on	simulated	data	 08-15-2016	

Baseline	L2	PGE	with	Process	Control	System	(PCS)		 09-30-2016	

Incorporate	NCEP	atmospheric	data		
(backup)	

12-15-2016	

Implement	Water	Vapor	Scaling	(WVS)	Model	 1-25-2016	

Documenta/on	(Cloud	ATBD,	ASD,	User	Guide)	 Ongoing	

Cloud	Mask	evalua/on/refinement	 Ongoing	

Test	and	implement	GEOS-5	FP	atmospheric	data		 Ongoing	

Update	algorithm	coefficients/data	for	band	4	spectral	shiW	 Ongoing	

L2	Algorithm	Status	



Spectral	Response	Func/ons	
(best	es/mate	as	of	8.25.2016)	

Band	 Central	
Wavelength	(µm)	

Bandwidth	
(µm)	

1	 8.29	 0.355	

2	 8.80	 0.309	

3	 9.20	 0.395	

4	 11.41	(10.6)	 0.553	

5	 12.09	 0.610	

Atmospheric	‘windows’	

O3	
H2O	

H2O	
CO2	

SRF	algorithmic	dependencies:	
•  Emissivity	calibra/on	curve	
•  Brightness	temperature	LUT’s	
•  Radiance	conversion	LUT’s	
•  RT	model	coefficient	files	
•  Uncertainty	es/mates	

TransmiZance	



Spectral	Response	Func/ons	
(Expected	shiW	05.2017)	

Atmospheric	‘windows’	

O3	
H2O	

H2O	

Band	 Central	
Wavelength	(µm)	

Bandwidth	
(µm)	

1	 8.29	 0.355	

2	 8.80	 0.309	

3	 9.20	 0.395	

4	 11.41	(10.6)	 0.553	

5	 12.09	 0.610	



Spectral	Response	Func/ons	
	



Spectral	Response	Func/ons	
	



 LST RMSE 
 
Surface types   

V1*  
 

  
V2* (band 4 shift) 

 
 

 
Graybody 
(Veg, Water, Snow) 

0.555	K	 0.542	K	

 
Barren  
(sands, soils, rocks) 

0.974	K	 0.958	K	

 
Total 0.79	K	 0.78	K	

TES	Algorithm	performance	with	Band	4	shiW	
	

•  MODTRAN	Radiance	Simula/ons	
•  ECOSTRESS	TES	algorithm	
•  Global	Radiosonde	profiles	(SeeBor)	
•  ASTER	spectral	library	for	emissivity	

*	V1	=	ECOSTRESS	spectral	response	from	best	es/mate	08/25/16	
			V2	=	ECOSTRESS	V1	with	simulated	band	4	shiW	from	11.2	to	10.6	micron	



NCEP	GDAS	 MERRA-2	 GEOS-5	FP	

Descrip/on	 Reanalysis	from	
1979-present	

	

Reanalysis	from	
1979-present	

Analyses	and	
forecasts	in	near	real-
/me	using	recent	
GEOS-5	model	

Spa/al	
Resolu/on	

1.0	degree		
(~100	km)	

0.5	degree		
(~50	km)	

0.25	degree		
(~25	km)	

Temporal	
Resolu/on	

6	hourly		 6	hourly		 3	hourly	

Ver/cal	
Resolu/on	

26	pressure	levels	 42	pressure	levels	 42	pressure	levels	

Latency	 Daily	 1	month	 Daily	

Numerical	Weather	Predic/on	(NWP)	Models	
used	for	ECOSTRESS	Atmospheric	correc/on	



MERRA-2	Total	Water	Vapor	(mm)	0.5x0.625	deg	(~50	km)	



GEOS5-FP	Total	Water	Vapor	(mm)	0.25	deg	(~25	km)	



Redwood	

Texas	
Grassland	

LST&E	Valida/on	Sites	(Stage	1,	‘Tes/ng’)	



9%	reduc/on	
in	error	

In	situ	

Hurriance	
Odile	



30%	reduc/on	in	
error	

In	situ	



Summary	
•  ECOSTRESS	L2	Products:	
– Land	Surface	Temperature	(LST)	
– Spectral	Emissivity	(5	bands)	
– Broadband	Emissivity	
– Cloud	Mask		

•  	Well	defined	and	strong	algorithm	heritage	
(ASTER/MODIS/VIIRS/MASTER)	

•  L2	C	code	tested	and	baselined	in	SDS		
•  Band	4	shiW	has	no	effect	on	L2	accuracy	
•  Using	higher	resolu/on	GEOS5-FP	results	in	
10-30%	higher	accuracy	of	retrieved	LST	



Cloud	Mask	Output	

•  8-bit	product	

Table	3.	8	bit	Level	2	Cloud	Mask	Product.	

X	 Uncalibrated	band	–	dynamic	threshold	
required	per	scene	
May	overes/mate	over	most	land	
surfaces	

Careful	considera/on	of	land	surface	
emissivity	required	



Google	Earth:	08/28/14	MASTER	LST:	08/26/2014	

319.2	K	323.8	K	

1.  Signatures of 
vegetation stress 
are manifested in 
the LST signal 
before any visible 
deterioration of 
vegetation cover 
occurs. 

2.  The surface 
moisture state can 
be deduced directly 
from the remotely 
sensed LST. 

400	m	



Theore/cal	Basis:	Surface	Temperature	
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22	

Temperature	Emissivity	Separa;on	(TES)	Algorithm	
‘ASTER	approach’	

	

Emissivity	Calibra/on	Curve	

T-E separation is under-determined: 
 
If have N measurements, always have N+1 unknowns: 
Radiance Band 1 = T + emissivity1 
Radiance Band 2 = T + emissivity2 
Radiance Band 3 = T + emissivity3 
Radiance Band 4 = T + emissivity4 
Radiance Band 5 = T + emissivity5 
 
………………………….       ……………………… 
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Itera;vely	solve	for	surface	radiance	+	Temperature/Emissivity	


