L7ESR Land Surface Reflectance Product

The Landsat-7 surface reflectance product, L7ESR, is an estimate of the surface spectral reflectance as it would have been measured at ground level if there were no atmospheric scattering or absorption. The correction scheme includes corrections for the effect of atmospheric gases (water vapor and ozone) and aerosols.

This product is generated by the process 'lndsr'. 'lndsr' runs once for each daily Landsat scene. It computes aerosols and does atmospheric correction.  The required inputs are the Top-of-the-atmosphere Reflectance (L7EREF), Cloud-snow mask (L7ECSM), Daily TOMS Ozone product (TOMS_OZD) and Daily NMC Re-analysis Surface pressure, Water Vapor product (RA_SPWVD).

Upstream Product Requirements

L7EREF (TOA Reflectance)

   Top-of-atmosphere reflectance for 6 solar-reflective bands(bands1-5, band7).

L7ECSM(Cloud/snow Mask)

   Cloud-snow_Mask 

RA_SPWVD (NMC Re-analysis Surface Pressure, Water Vapor Product)

TOMS_OZD (TOMS Ozone Daily Product)    

Algorithm Description

The Landsat surface reflectance product is derived from Top of the Atmopshere (TOA) reflectance by applying an atmospheric correction scheme that assumes that: (a) the target is lambertian and infinite and (b) the gaseous absorption and particle scattering in the atmosphere can be decoupled. The TOA reflectance can be expressed as: 

TOA = Tg(O3,O2,CO2,NO2,CH4) [ R+A + TR+A Tg(H2O) s / (1 – SR+A s) ] 

Where s is the surface reflectance, Tg is the gaseous transmission due to the gases listed between parentheses, TR+A is Rayleigh and aerosol transmission, R+A is the Rayleigh and aerosols atmospheric intrinsic reflectance, and SR+A is the Rayleigh and aerosols spherical albedo. The transmission, intrinsic reflectance and spherical albedo terms are computed using the 6S radiative transfer code (Vermote et al., 1997). The surface pressure, ozone concentration and water vapor content needed in these computations are determined from the NCEP reanalysis data. 

The aerosol optical thickness used in the atmospheric correction process is retrieved from Landsat data using simulated reflectance Look up tables (LUTs) and an estimate of the surface reflectance in the blue band. The LUTs are computed for each scene using the 6S code, the scene geometry and NCEP ancillary data. The estimate of the blue band reflectance is determined for a 1km x 1km grid cell as a function of the reflectance in the 2.2 m band (band 7). 

Scientific Data Sets

The L7ESR product contains total of eleven scientific data sets (SDSs): 
The atmospherically-corrected surface reflectance data is written as signed 16-bit integers into two-dimensional SDSs, one for each band (bands1-5 and band7).
SDS-Name Long-Name        Valid-Range Fill-value scale-factor Add-offset
band1       band 1 reflectance     -2000, 12000      -9999           0.0001         0
band2       band 2 reflectance     -2000, 12000      -9999           0.0001         0

band3       band 3 reflectance     -2000, 12000      -9999           0.0001         0

band4       band 4 reflectance     -2000, 12000      -9999           0.0001         0

band5       band 5 reflectance     -2000, 12000      -9999           0.0001         0

band7       band 7 reflectance     -2000, 12000      -9999           0.0001         0

The aerosol optical thickness of band1 is also generated and written as signed 16-bit integers into two-dimensional SDS

SDS-Name Long-Name        Valid-Range Fill-value scale-factor Add-offset
aot_band1   aot-band1(blue)        0, 3000000      -9999           0.0001         0

lndsr_QA for the Quality Assurance Flags are defined as follows:

  Bit description (bit 0 =LSB, bit 15= MSB)

 Bit 0 : unused

 Bit 1 : Data Quality Flag (0 = valid data, 1=invalid data)
 Bit 2 : Cloud Mask ( 1 = cloudy,  0 = clear)

 Bit 3 : Cloud shadow Mask (Not used in beta)

 Bit 4 : Snow Mask (Not used in beta)

 Bit 5 : Land Mask ( 1 = land, 0 = water)

 Bit 6-15 : unused

Other SDSs for internal use include nb_dark_pixels(number of pixels in aerosol retrieval), avg_dark_sr_b7(average reflectance value of band 7), and std_dark_sr_b7 (standard deviation of reflectance value for band 7).
Local Attributes

Each of the SDSs in the product contains at least the following local attributes:

  long_name

  units

  valid_range

  _FillValue

  Nadir Data Resolution,

where the "long_name", "units" and "Nadir Data Resolution" attributes are character

strings. The "valid_range" and "_FillValue" attributes are the same type of data as the data in the SDS, e. g., 16-bit integers for reflectance data SDSs. All reflectance SDSs also contain scaling metadata, e. g.,

  scale_factor

  scale_factor_err

  add_offset

  add_offset_err

  calibrated_nt,

all of which are 64-bit floats except for "calibrated_nt", which is a 32-bit integer. The QA SDSs do not contain scaling metadata, but contain the metadatum "QA index", a character string which describes how data is represented in each QA byte.

Global Attributes

Contents of these global attributes were determined and written during generation of the product and are used in archiving and populating the EOSDIS database to support user services.

Table 2x.  Listing of objects in the global attribute of L7ESR
	Object Name
	Sample Value
	Comment

	DataProvider
	"UMD"
	

	Satellite
	"LANDSAT_7"
	Landsat satellite

	Instrument
	"ETM"
	Enhanced thematic Mapper

	AcquisitionDate
	"2001-09-17T17:42:00.000000Z"
	

	Level1ProductionDate
	"2003-02-25T00:00:00.000000Z"
	

	SolarZenith
	55.95414f
	

	SolarAzimuth
	160.64264f
	

	WRS_System
	"2"
	Worldwide Reference System

	WRS_Path
	33s
	Path number

	WRS_Row
	21s
	Row number

	NumberOfBands
	'\6'
	

	BandNumbers
	'\1', '\2', '\3', '\4', '\5', '\7'
	

	ShortName
	"L7ESR"
	ESDT name of product

	LocalGranuleID
	"L7ESR.a2001260.w2p033r021.010.2004136003535.hdf"
	Product file name

	ProductionDate
	"2004-05-15T00:35:35Z"
	Time product was produced

	PGEVersion
	"1.0.3"
	Version of Production generation executable

	ProcessVersion
	"1.0.3"
	

	WestBoundingCoordinate
	-100.0252244406237
	 Extend 

	EastBoundingCoordinate
	-95.78459921092679
	 Of 

	NorthBoundingCoordinate
	56.97627526922273
	 Scene

	SouthBoundingCoordinate
	54.82852435815462
	 Coverage

	OrientationAngle
	0
	

	PixelSize
	28.5
	In meters

	HDFEOSVersion
	"HDFEOS_V2.4"
	

	
	
	

	GridName
	"Grid"
	

	XDim
	9051
	Number of lines

	YDim
	8238
	Number of pixels

	UpperLeftPointMtrs
	(437674.500000,6314745.000000)
	

	LowerRightMtrs
	(695628.000000,6079962.000000)
	

	Projection
	"GCTP_UTM"
	

	ZoneCode
	14
	

	SphereCode
	8
	

	GridOrigin
	"HDFE_GD_UL"
	

	
	
	

	GridStructure
	Definition
	

	DataField_0
	DataFieldName=band1
	

	DataField_1
	DataFieldName=band2
	

	DataField_2
	DataFieldName=band3
	

	DataField_3
	DataFieldName=band4
	

	DataField_4
	DataFieldName=band5
	

	DataField_5
	DataFieldName=band7
	

	DataField_6
	DataFieldName=aot_band1
	

	DataField_7
	DataFieldName=lndsr_QA
	

	DataField_8
	DataFieldName=nb_dark_pixels
	

	DataField_9
	DataFieldName=avg_dark_sr_b7
	

	DataField_10
	DataFieldName=std_dark_sr_b7
	


