L7EREF Cloud-Snow Mask and L5REF
The top-of-atmosphere (TOA) reflectance products L7EREF & L5TREF are generated by the process 'lndcal. For a single scene aggregation, 'lndcal' runs once for each daily Landsat TOA Reflectance scenes. The required inputs are the Level 1G data.  Output product L7EREF & L5TREF are the top of atmosphere reflectance in percent * 10000.
The thermal band is converted to apparent temperature and is stored in file L5TTH or L7TTH.  The units are degrees C * 10.  
Upstream Product Requirements

Level 1G data from various sources can be handled such as UMD and EDC.
Algorithm Description

Each image is first calibrated to at-sensor radiance (Ls) using the most recent available calibration data for the sensor.  For Landsat-7, relevant calibration coefficients are found in the Landsat header files.  For Landsat-5, images processed at USGS EROS before April 2007 require a reprocessing to remove the original (outdated) calibration and substitute values the most recent calibration Look-up Tables.  These include the original Geocover files, which were processed in the late 1990’s.  For these cases, the original calibration derived from the on-board calibrator lamps was removed, and the newest calibration history applied (Masek et al., 2006; Chander, 2007).
At-sensor radiance data were converted to top-of-atmosphere reflectance by correcting for solar irradiance, sun-earth distance, and solar zenith angle according to the equation presented in the Landsat-7 Science Users Handbook (http://landsathandbook.gsfc.nasa.gov/handbook/handbook_htmls/chapter11/chapter11.html , Section 11.3.2).  For the thermal band, apparent temperature was calculated from the longwave at-sensor radiance using the equation presented in Section 11.3.3 of the Landsat-7 Science Users Handbook.  
Scientific Data Sets
The L7EREF and L5EREF product contains a 6 scientific data set (SDS): 
The value is written as 2-byte data type into the two-dimensional SDS except lndcal_QA.
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lndcal_QA (byte)
  Bits are numbered from right to left (bit 0 = LSB, bit 7 = MSB)      

   Bit     Description
    0      Data Fill Flag (0 = valid data, 1 = invalid data)
    1      Band 1 Data Saturation Flag (0 = valid data, 1 = saturated data)
    2      Band 2 Data Saturation Flag (0 = valid data, 1 = saturated data)
    3      Band 3 Data Saturation Flag (0 = valid data, 1 = saturated data)
    4      Band 4 Data Saturation Flag (0 = valid data, 1 = saturated data)
    5      Band 5 Data Saturation Flag (0 = valid data, 1 = saturated data)
    6      Band 6 Data Saturation Flag (0 = valid data, 1 = saturated data)
    7      Band 7 Data Saturation Flag (0 = valid data, 1 = saturated data)
The L7ETH and L5ETH product contains a single scientific data set (SDS): 
Band6
Local Attributes
The local attributes for SDSs are similar to those in L7ESR and L5TSR.
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.  Listing of objects in the global attribute of L7ESR

	Object Name
	Sample Value                    
	Comment

	DataProvider                   
	"UMD"
	

	Satellite                      
	"LANDSAT_7" (example)
	Lansat 7 satellite example

	Instrument                     
	"ETM"
	Enhanced thermal Mapper Plus

	AcquisitionDate
	"2001-09-29T17:42:00.000000Z"
	

	Level1ProductionDate           
	"2004-02-12T00:00:00.000000Z"
	

	SolarZenith                     
	59.869202f
	

	SolarAzimuth                    
	162.30116f
	

	WRS_System                     
	"2"
	Worldwide Reference System

	WRS_Path                       
	37
	Path number

	WRS_Row                        
	21
	Row number

	 NumberOfBands                  
	'\1'
	

	 BandNumbers                    
	'\1'
	

	 ShortName                      
	"L7EREF" or “L5REF”
	ESDT name of product

	 LocalGranuleID                 
	"L7EREF.a2001272.w2p037r021.010.2004150022022.hdf"
	Product file name (L7 example)

	 ProductionDate                 
	"2004-05-29T02:20:22Z"
	Time product was produced

	 PGEVersion                     
	"1.0.9"
	Version of Production generation executable

	 ProcessVersion                 
	"1.0.5"
	

	 OrientationAngle                      
	0
	

	 PixelSize                      
	28.5
	

	 HDFEOSVersion                  
	"HDFEOS_V2.4"
	

	
	
	

	 GridName                       
	"Grid"
	

	 XDim                           
	9170
	Number of lines

	 YDim                           
	8345
	Number of pixels

	 UpperLeftPointMtrs             
	(424564.500000,6316113.000000)
	

	 LowerRightMtrs                 
	(685909.500000,6078280.500000)
	

	 Projection                     
	"GCTP_UTM"
	

	 ZoneCode                     
	13
	

	 SphereCode                     
	8
	

	
	
	

	GridStructure
	Definition
	

	DataField_0
	DataFieldName=band1
	16 bit

	DataField_1
	DataFieldName=band2
	16 bit

	DataField_2
	DataFieldName=band3
	16 bit

	DataField_3
	DataFieldName=band4
	16 bit

	DataField_4
	DataFieldName=band5
	16 bit

	DataField_5
	DataFieldName=band7
	16 bit

	DataField_6
	DataFieldName=lndcal_QA
	 8 bit


The thermal band file L5TTH or L7TTH have similar attributes.  
