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U.S. Landsat Archive  
(September 2012) 

 ETM+: Landsat 7 

 1,446,000   scenes 
 ~1,343 TB Raw and L0Ra Data  

            average scene size 487 MB 

 TM: Landsat 4 & Landsat 5 

 1,342,240   scenes   
 ~673 TB Raw and L0Ra Data  

           average scene size 263 MB 

 MSS: Landsat 1 through 5 

 610,997   scenes  
 ~37 TB Raw and L0Ra Data  

           average scene size 32 MB 

 Total: 

 3,399,237   scenes   
 ~2,053 TB Raw and L0Ra Data  
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Landsat Key Accomplishments  
since last meeting 

 Landsat 40th Anniversary  

 Landsat 1 Launched July 23, 1972 

 Landsat 7 – Collision avoidance maneuver (4/17/2012) 

 Landsat 5 – Happy 28th Birthday! 

 Downlink of MSS data 

 X-band transmitters declared failed 

 Web-enabling: distributed >9 M images since 2008 

 Full Resolution Browse: ~60% of archive complete 

 LandsatLook – new interface for Full Resolution Browse  

 Landsat Metadata updated in preparation for LDCM 

 Completed Global Land Survey 2010 (GLS2010)  

 

 

 

 



Overall variations in ETM+ gain trends 
are within the 5% uncertainty limit 

ETM+ gains estimated using PICS suggest a 

decay on the order of up to 0.2% per year 

L7 ETM+ Band 5 

PICS Data 

Detectors have very stable relative gains 

L7 ETM+ Calibration Update 
 Absolute radiometric accuracy better than ± 5% 
(reflective) and 1 K (thermal) 

 Relative detector-to-detector normalization, i.e., 
striping less than ± 0.1% 

 Noise stable over mission life 

 SLC failure had no significant impact on L7 
ETM+ reflective band radiometry- continues to be 
excellent 
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L5 TM Calibration Update 

 Within-band within-scene internal stability 

 Scan-Correlated Shift (SCS) of up to 0.7 DN 
 Correctable with scan line-by-scan line background subtraction 

 Memory effect of up to 4 DN 
 Currently corrected in LPGS processing 

 Between-date stability 

 Interference cycling from icing on B5 and B7 
 Correctable with IC processing or LUT that includes interference cycling 

 Radiometric calibration processing 

 Uses Gain Calibration History stored in Look-Up Table (LUT) 

 Extracts and applies biases on a scan line by scan line basis 

 Rescaled to Fixed Radiance Range (LMIN, LMAX) 

 LUT revised April 2, 2007 to reflect revised trends from Sahara desert site 
data obtained from ESA 

 The L5 TM radiometric calibration uncertainty of the at-sensor spectral 
radiances is around 5% and is somewhat worse for early years, when the 
sensor was changing more rapidly, and better for later years 
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Cross-calibration of L5 TM & L7 ETM+ 

The percentage mean difference in 
reflectance measurements obtained 
from the L5 TM relative to ETM+ in 
Band 2 is reduced from about 15.6% 
(using IC) to 1.8% (using LUT) 



8 
LandsatLook Viewer 

 3-band jpeg 

 ~5-8 MB for RGB 

 Can include geographic information 

 World or XML file 

 Top of Atmosphere reflectance values 

 Uses stretch (gamma = 2) 

 OLI: 6,5,4 

 5,4,3 for TM & ETM+ 

 2,4,1  for MSS 

 ‘false’ band combination in order to align with TM & ETM+ 

 Thermal (not available for MSS) 
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LGAC Progress Distribution of new global data 

 

http://landsat.usgs.gov/about/ 
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Global Land Survey (GLS) 

Spatial coverage of the five GLS data sets.  

GLS-1975 GLS-2005 

GLS-2000 

GLS-1990 GLS-2010 
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GLS-1975 

GLS-1990 

GLS-2000 

GLS-2005 

GLS-2010 

Yearly distribution of the GLS datasets. The fat bars indicate number of Landsat tiles. 
The percentage of those tiles in each GLS dataset is shown by the slim bars.  
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Geolocation errors (RMSE) relative to GLS 
2000 in GLS 1975, GLS 1990, GLS 2005, and 
GLS 2010. 
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L5 TM Spatial Distribution of the 
Band 3 Rescaling Gains 

GAIN_BAND3

Unknown

0.00540

0.42629 - 0.80011

0.80576

0.80590

0.80667 - 1.35756

1.36344

1.37067 - 1.63956

1.64612

20.34988

Spatial distribution of the Band 3 rescaling gains provided in the metadata of GLS 1990 images. Other bands have 
the same spatial patterns though the values are different. The USGS archived TM scenes are processed using a 
consistent radiometric calibration procedure (IC-based); however, the IGS data were processed using multiple 
calibration approaches resulting in different gain coefficients, and some of these images have missing header 
information. Calculation of accurate biophysical and geophysical variables using the GLS1990 images is not possible 
because the rescaling coefficients are inconsistent and sometimes not documented in the metadata file 
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Candidate Landsat ECVs 

Terrestrial 

ECV Technical Consideration Requirements / Demand 

  
Landsat 

Potential 

USGS 

Readiness 

USGS 

Uniqueness 

USGS 

Relevance 

Importance 

to DOI 

Overall 

Community 

Demand 

*Land Cover High High High High High High 

*Leaf Area 

Index High Low Low Medium Medium Medium 

FPAR High Low Low Medium Low Low 

Biomass Low Low Low High High High 

*Albedo Medium Low Low Medium Low Low 

*Fire 

Disturbance Medium High Medium High High High 

*Surface 

Water High High Medium High High Medium 

*Snow / Ice Medium Medium Low Medium Medium Medium 

Soil 

Moisture Low Medium Low Medium Medium Medium 

*ECVs with highest initial potential for development 
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Scaled DNs TOA Reflectance Surface Reflectance 

Provide users with the product most suitable to their needs 

Prescriptive Levels of Processing  
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Surface Reflectance 

 

  

43/34  

 07/22/2007 

42/34  

 07/28/2006 
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Moving from Data to Information 

L1T At-sensor Radiance 

(FCDR) 

Surface Reflectance  

(TCDR) 

Leaf Area Index  

(ECV) 

(Nemani, NASA) 
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Landsat Data Continuity Mission (LDCM) 

Courtesy of Orbital 

The Landsat Data Continuity Mission (LDCM) is under development for a  
February 2013 launch.  Developed as a NASA / USGS partnership 
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NASA /USGS Mission Responsibilities 
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Edge of Field 
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SNR significantly exceeds requirements and 
heritage 

Polarization Sensitivity well below 2% 

RSR have desired sharp bandpasses 

Out-of-Band Response typically below 10-4 

Uniformity very good 

LDCM Radiometric Performance 
Looks Excellent 



21 

LDCM Data Collection Sequence 

 The co-aligned sensors are nominally 
nadir pointed and sweep the ground 
track land surface in contiguous image 
data collections, also known as image 
intervals. 

 

 The number of intervals are pre-defined 
on the ground based upon the number of 
WRS-2 scenes scheduled for collection, 
and allocated in the SSR.  

 

 Each orbit will start and end with a 500 
line dark collect (shutter closed) 

 

 Each data collection sequence will start 
and end with an ancillary file 

 

Ancillary 

Frame Header 

Shutter 

Flight 

Direction 

OLI & TIRS enabled 
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L8 Standard Level 1 Terrain Product 

 What will you receive?   

 LC82220052014265LGN00.tar.gz 

 LC82220052014265LGN00_B1.TIF 

 LC82220052014265LGN00_B2.TIF 

 LC82220052014265LGN00_B3.TIF 

 LC82220052014265LGN00_B4.TIF 

 LC82220052014265LGN00_B5.TIF 

 LC82220052014265LGN00_B6.TIF 

 LC82220052014265LGN00_B7.TIF 

 LC82220052014265LGN00_B8.TIF 

 LC82210052014265LGN00_B9.TIF 

 LC82220052014265LGN00_B10.TIF 

 LC82220052014265LGN00_B11.TIF 

 LC82220052014265LGN00_QA.TIF 

 LC82220052014265LGN00_MTL.txt 

 With Checksum file LC82220052014265LGN00_MD5.txt 
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Bit Description Bit Description 

0 Designated Fill 8 Vegetation 

Confidence 
1 Dropped Frame 9 

2 Terrain Occlusion 10 Snow/Ice 

Confidence 
3 Artifact (Reserved) 11 

4 Water 

Confidence 

12 Cirrus 

Confidence 
5 13 

6 Cloud Shadow 

(reserved) 

14 Cloud 

Confidence 
7 15 

Bit Description 

0 Designated Fill 

1 Dropped Frame 

2 Terrain Occlusion 

3 Water** 

4 Vegetation** 

5 Snow/Ice** 

6 Cirrus** 

7 Cloud** 

Confidence Levels 

00 = none or unset 

01 = 0-33% confidence 

10 = 34-66% confidence 

11 = 67-100% confidence 

Quality Assessment Band (8-bit)  
• 16-bit QB rolls off of 
the Online Cache 
with the L1 Product 

 

• 8-bit QB available 
with the Full 
Resolution Browse 

**- Set for highest 
Confidence Level (11) 

At-launch bits 

Quality Assessment Band A file that contains quality 
statistics from the image data and cloud mask for the scene 
 

 The QB looks like any other band file and is a 
16-bit image with the same dimensions as the 
L1T scene.   

 The bits are assigned to various processing 
artifacts that are identified in the L1 
processing.    
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LDCM L1 product options 

Formatting, 

radiometric and 

geometric 

processing 

Radiance (L) L0 data 
L1T 

product 

ρ’ = Rρ x L x ESdist
2 

Rρ ~ ESUN 

Scene-center 

sun elevation 
ρSC = ρ’ / cosθSZ  

L1T 

product 

Per-pixel sun 

elevation 
ρPP = ρ’ / cosθSZ(x,y)  

Radiance 

Reflectance (ρ’) 

Scaling 
L1T 

product 

Option 1 

L1T 

product 

Reflectance 

Scaling 

Scaling 

Scaling 

Rescaling 

Radiance 

Rescaling 

Landsat 1-7 

Reflectance Radiance 

Rescaling Rescaling 

Option 2 Option 3 

Option 4 
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Test Site Catalog and Trending 



26 



27 



28 



29 



TOA ρ trending over the Libya 4 site 

 Measured TOA ρ 
from MODIS (red 
squares) ETM+ (blue 
crosses) 

 

 The slope of the 
fitted lines were ~10-

7/day,  indicating very 
stable long-term 
response changing 
by no more than 
0.02% per year 
(except B1) in their 
TOA reflectance 

 

 Major contributions 
to offsets are caused 
by a combination of 
the spectral 
signature of the ROI, 
atmospheric 
composition, and the 
RSR of each sensor 

 The periodic seasonal oscillations in the TOA ρ trending is caused by the BRDF effects (while 
satellite zenith angle is nadir, the solar zenith angle varies significantly with season) 
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TOA ρ trending after SBAF 
compensation over the Libya 4 site 
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JACIE  2012 

April 17 – 19, 2012 

Fairfax, Virginia 

JACIE  2013 

April 16-18, 2013  

St. Louis, MO  
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Special issue of the CJRS: “Terrestrial Reference 
Standard Test Sites for Post-Launch Calibration” 
 

For this edition, the domain of interest 
is limited to IVOS. 

 

This special journal issue focussed on 
how test sites provide important and 
convenient post-launch means of 
obtaining information to verify the 
performance of sensors.   

The paper submission 
deadline for this 
special issue was 
February 18, 2010. It 
was published in Oct. 
2010 
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Special issue of the IEEE TGRS:  
“Inter-Calibration of Satellite Instruments” 
 

This special journal issue will focus on 
how inter-calibration and comparison 
between sensors can provide an 
effective and convenient means of 
verifying post-launch sensor 
performance and correcting the 
differences. 

The paper submission 
deadline for this 
special issue was 
January 31, 2012, with 
a target publishing 
date of early 2013. 
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Summary & USGS Key Involvement 

 USGS has extensive internal capabilities and leads a number of 
national and international calibration partnership and activities 

 Lead a number of GEOSS Quality Assurance Strategy sub-tasks 

 Landsat Cross-calibration Activities 

 On-going Cross-calibration Activities:  

 IRS-P6 AWiFS/LISS-III, CBERS-2/B CCD, ALOS AVNIR-2, UK DMC-1/2, 
RapidEye Constellation, SPOT, Worldview, MODIS, ALI, THEOS MS sensors 

 Planned Cross-calibration Activities 

 Landsat TM/ETM+ with:  LDCM, Sentinel, ENVISAT MERIS, AVHRR MetOP, 
Cartosat-2, ResourceSat-2, CBERS-3, etc. 

 Landsat archive and open data policy has enabled 
growth and innovation in use and applications of land 
remote sensing data 

 Goal to establish an operational Landsat program 
 

 


