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Talk Outline 
• WELD project  

– overview 
– version 1.5 products 
– distribution   

 

• Some lessons learned from bulk WELD 
Landsat science data processing  
– food for thought for LDCM higher level 

product processing 



WELD Project Mission  
• Provide a consistent long-term 30m record of the land surface of the 

Conterminous United States (CONUS) and Alaska for 8 years  
 

• MODIS-like processing (building on our 10 years MODIS experience)  
 

– “seamless” mosaics 
 

– weekly, monthly, seasonal, annual products to capture land surface change 
 

– with per-pixel quality assessment information  
 

– with percent tree, bare ground, vegetation, water information 
 

– improve the consistency and quality of the Landsat ETM+ data by fusion with MODIS 
products 
 

• WELD products designed to facilitate  
 

– application without the need for additional processing  
 

– derivation of higher-level geophysical, biophysical and land cover products  
 

• Fully automated production at SDSU WELD lab  
 

 

• Distributed from USGS EROS for free via the internet 
 



Currently Available 
 

 (Version 1.5) 
 

WELD Products 



Version 1.5 WELD Product Format (all pixels are 30m) 
Science Data 
Set  Name 

Data 
Type Valid Range Scale factor Units Fill Value 

Band1_TOA_REF int16 -32767 --  32767 10000 Unitless -32768 
Band2_TOA_REF int16 -32767 --  32767 10000 Unitless -32768 
Band3_TOA_REF int16 -32767 --  32767 10000 Unitless -32768 
Band4_TOA_REF int16 -32767 --  32767 10000 Unitless -32768 
Band5_TOA_REF int16 -32767 --  32767 10000 Unitless -32768 
Band61_TOA_BT int16 -32767 --  32767 100 Degrees Celsius -32768 
Band62_TOA_BT int16 -32767 --  32767 100 Degrees Celsius -32768 
Band7_TOA_REF int16 -32767 --  32767 10000 Unitless -32768 
NDVI_TOA int16 -10000 --  10000 10000 Unitless -32768 
Day_Of_Year int16  1 --  366 1 Day 0 
Saturation_Flag uint8 0 --  255 1 Unitless None 
DT_Cloud_State uint8 0, 1, 2, 200 1 Unitless 255 
ACCA_State uint8 0, 1 1 Unitless 255 
Num_Of_Obs uint8 0 --  255 1 Unitless None 

i.e., users do not need to apply the equations, spectral calibration coefficients & solar 
information to convert the ETM digital numbers to reflectance & brightness temperature. 

Successive products are defined in the same coordinate system and align precisely, 
making them simple to use for multi-temporal applications.  



Generated 
from L1T 
Landsat 
ETM+ 



WELD Landsat 7 ETM+ L1T ARCHIVE at SDSU 
(August 15th 2011) 

Conterminous United 
States 
(459 path/row) 

<80% cloud 

Alaska 
 
(232 path/row) 

<80% cloud 
2001 644 94 
2002 7878 2380 
2005 584 1 
2006 8158 1762 
2007 8285 2018 
2008 8624 1687 
2009 7987 1756 
2010 8421 1742 
2011 5286 1531 

68,838 CONUS and Alaska acquisitions  
> US $41.3million when each L1T acquisition cost US$600.   
 

Each L1T 
acquisition is 
~221MB  
 
Annual ETM+ 
data volume: 
1.7TB CONUS 
0.4TB Alaska 

 





WELD Tiles  
5000 x 5000 30m pixels  
Albers Coordinates 



WELD Tile Map (Alaska has 162  5000x5000 30m pixel tiles in Albers ) 
~3,100 million 30m land pixels 

 



Landsat ETM+ L1T processed data acquired over  
213 Alaska and 455 CONUS path/rows 



Week 27: July 8 - 14 2008  



Week 28: July 8 - 14 2008  



Week 29: July 15 - 21 2008 



Week 30: July 22 – 28 2008  



July 2008 



Summer  

(June, July, August) 2008 



Fall  

(September, October, November) 2008 



Winter  

(December, January, February) 2008/09 



Spring  

(March, April, May) 2009  



Annual  

(December 2009 – November 2008) 
 

Alaska ~ 1,700 L1T acquisitions / year  

CONUS ~ 8,000 L1T acquisitions / year  



Different WELD Product distribution 
portals to Support Different Users 

• FTP HDF tile products 
– Suited for bulk orders  

• e.g., all of WELD for a tile 
• e.g., all of the data for the CONUS for a year 
• e.g., all of the data 

 

– Support the needs of  
• “Science Team” user 
• “Agency” user 

 
• Interactive GeoTIFF internet distribution - WYSIWYG 

– Suited for small volume orders 
• limited geographic and temporal ranges 

– Suited for users for who dislike HDF 
– Support the needs of 

• Individual researchers 
• Students 

 
• OGC Browse JPG Distribution 

– geographic context 



5 Years 2006-2010 Version 1.5  
WELD HDF Tiles Available via FTP (4TB/year) 















Encouraging distribution statistics  
 

• 95% of the available 20TB WELD 
version 1.5 data product volume 
distributed in first 4 months of 
availability 
 
• more than 300 users, from 14 
countries  



WELD Internet WYSIWYG  
Planned Enhancement 

John Schott (previous Landst ST meeting): 
  

“I want the government to be able to give me all 
the Landsat data at a single pixel” 











Year Day_Of_Year Band1_TOA_REF Band2_TOA_REF Band3_TOA_REF Band4_TOA_REF Band5_TOA_REF Band61_TOA_BT  
Band62_TOA_BT Band7_TOA_REF NDVI_TOA Saturation_Flag DT_Cloud_State ACCA_State Num_Of_Obs 
2009 4.0000   0.3957   0.3703   0.3971   0.4510   0.1630   -8.0600   -8.2300   0.0947   0.0636   0   2.0000   1.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 20.0000   0.2330   0.2535   0.2768   0.3222   0.3057   1.0900   1.5400   0.1682   0.0758   0   0.0000   1.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 52.0000   0.2608   0.2907   0.3248   0.3600   0.3498   8.3100   8.5300   0.2515   0.0514   0   0.0000   1.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 68.0000   0.4598   0.4581   0.4780   0.5281   0.4492   -4.6900   -5.2200   0.3455   0.0498   0   1.0000   1.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 132.0000   0.3640   0.3842   0.4009   0.4314   0.3953   10.6100   10.4400   0.3108   0.0366   0   1.0000   1.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 148.0000   0.2416   0.2703   0.2996   0.3275   0.3237   38.3600   38.4300   0.2159   0.0445   0   0.0000   0.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 180.0000   0.2874   0.3148   0.3453   0.3760   0.3609   37.9100   38.1800   0.2507   0.0426   0   0.0000   0.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 196.0000   0.3241   0.3512   0.3751   0.4055   0.3996   36.0700   36.1500   0.2945   0.0389   0   0.0000   0.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 212.0000   0.2872   0.3192   0.3560   0.3832   0.3932   36.5300   36.6600   0.2865   0.0368   0   0.0000   0.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 228.0000   0.2851   0.3219   0.3605   0.4030   0.4220   31.3800   31.2100   0.3202   0.0557   0   0.0000   0.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 244.0000   0.3032   0.3396   0.3748   0.4142   0.4350   35.6100   35.9000   0.3382   0.0499   0   0.0000   0.0000   1.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 0   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   -32768   0   255   255   0.0000  
2009 260.0000   0.2337   0.2639   0.2933   0.3246   0.3419   33.2800   33.3100   0.2320   0.0507   0   0.0000   0.0000   1.0000  

                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          

 



TOA NDVI   
2009 WELD single pixel time series,  

Desert pixel, Utah (-113.4845º, 40.0923º) 



TOA Brightness Temperature 
2009 WELD single pixel time series,  

Desert pixel, Utah (-113.4845º, 40.0923º) 
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WELD Version 2.0 Algorithms 

 
Available Spring 2012 



Version 2.0 WELD Products 

 
• Atmospheric Correction of the Top of 

Atmosphere Reflectance Bands  
 

• Reflective Wavelength Radiometric 
Normalization 
 

• 30m Percent Tree, Bare Ground, Vegetation 
and Water Classification (Hansen et al.) 



Version 2.0 Algorithm  
 

Atmospheric Correction 



1990’s Landsat-5 mosaic 
 

Heritage: LEDAPS Atmospheric Correction - 6SV  

100 km 

100 km 

TOA reflectance 

Surface reflectance 

BOREAS Study Region 

Jeff Masek 



Landsat ETM+ and MODIS Terra in same morning 
overpass orbit – so we can use contemporaneous MODIS 
atmosphere parameterization data to correct Landsat data !  



MODIS 0.05° Water Vapor over US, July 18th 2008 

retrieved from MODIS Terra orbits 

Black: Fill   



purple:  low absorption smoke   
blue:     high absorption smoke 
red: clean urban 
yellow: polluted urban 
black:     fill 

retrieved from MODIS Terra orbits 

MODIS 0.05° Aerosol Type over US, July 18th 2008 



July 2008 composite. Band 3, 2, 1 (red, green, blue)  
Top of Atmosphere Reflectance 

Honest RGB contrast stretch 



July 2008 composite. Band 3, 2, 1 (red, green, blue)  
Surface Reflectance – using advanced MODIS Landsat method 

Honest RGB contrast stretch 



AERONET based atmospheric correction coefficients were derived for  
• 122 10x10km subsets  
• 109 acquisitions 
• 31 AERONET sites  

Spatial Distribution of  
WELD Atmospheric Correction Validation  

AERONET Sites 



ETM+ 
Band 

LEDAPS MODIS-based 

1 12.6% 11.7% 
2  6.1%   5.0% 
3  6.0%   3.5% 
4  5.5%   1.9% 
5  4.4%   1.0% 
7  6.7%   1.6% 

Mean absolute residuals of  
LEDAPS and MODIS-based methods 

relative to mean AERONET reflectance 
10 million pixels from 109 ETM+ acquisitions over 31 AERONET sites 

So, Version 2.0 WELD products will be processed with MODIS based 
atmospheric correction approach 



Version 2.0 Algorithm  
 

Radiometric/BRDF 
normalization  
and gapfilling 

 



Back scatter direction Forward scatter direction 

Back scattering              Forward scattering  
(sun behind observer)           (sun opposite observer) 



  
Band 3 (red, 0.63-0.69 µm)   
MODIS derived scaling factors ( range: 0.97-1.43 ) 



Pueblo, Colorado 

WELD Tile h12v10 

July 2008 
dates composited 
- July 2 
- July 11 
- July 18 
- July 27 
 

Bands 3,2,1 

 

5000 x 5000 
30m pixels 

 
Before 
radiometric 
normalization 

 

 



WELD Tile h12v10 

July 2008 
dates composited 
- July 2 
- July 11 
- July 18 
- July 27 
 

Bands 3,2,1 

 

5000 x 5000 
30m pixels 

 

After 
radiometric 
normalization 

 

 

Pueblo, Colorado 



July 2008 

2 dates composited 

 

Bands 3,2,1 

 

700 x 700 
30m pixels 

 

 

Before 
radiometric 
normalization 

 

 



July 2008 

2 dates composited 

 

Bands 3,2,1 

 

700 x 700 
30m pixels 

 

 

After 
radiometric 
normalization 

 

 



Version 2.0 Algorithm  
 

Land Cover Characterization 



Bare ground 

Grass/shrubs/moss 

Trees 
0% 100% 

Percent cover 

CONUS 30m Vegetation Continuous Fields (%) 
 30 meter sub-pixel fractional cover estimates 

Generated from 2008 
monthly, seasonal and 
annual WELD 
composites 



Bare ground 

Grass/shrubs/moss 

Trees 
0% 

Percent cover 

Imperial Valley 
agriculture, CA 

Generated from 
2008 monthly, 
seasonal and 
annual WELD 
composites 



Bare ground 

Grass/shrubs/moss 

Trees 
0% 

Percent cover 

Charlotte, NC 

Generated from 
2008 monthly, 
seasonal and 
annual WELD 
composites 



5 Years of WELD driven  
Bare Ground Change: Dallas – Fort Worth 

Grey-scale = no change 
Blue/Cyan = increase in bare ground,  
Red/Yellow = decrease in bare ground 



5 Year Bare Ground Change: Dallas – Fort Worth 



Grey-scale = no change, Blue/Cyan = increase in tree cover, Red/Yellow = decrease in tree cover 

5 Year Tree Cover Change: North Carolina coastal 



Some Lessons Learned From  
WELD Science Data Processing 

 
 
 

7 lessons, with implications for LDCM  
higher level Landsat product generation 
 
 



Lesson #1 

• Get the product out early 
 

• Ensure mechanisms to involve the     
 user community in product QA  
 

• Reprocess products as needed 



http://globalmonitoring.sdstate.edu/projects/weld/ 







WELD Tile 
h21v07 
Chicago 
 
TOA Reflectance 
True Color  
 
June, 2008  
 
Purple Vector  
Street Map 

GIS data: http://www.cityofchicago.org/city/en/depts/doit/provdrs/gis.html 
5000 X 5000  pixels   



100 X 80  30m pixels   WELD, July 2008, Version 1.5 



100 X 80  30m pixels   WELD, July 2008, Version 1.6 



Lesson #2 
Routinely QA the input data 
in order to  
 - prevent code failure 
 - provide consistent science products through time 

i.e., don’t rely on EROS to provide consistent 
L1T data, for example, In the last 3 project 
years, we have seen 
• Thermal band 60m to 30m resolution change 
• Metadata changes 
• Filename convention changes 
• also, most recent calibration always used 



Lesson #3 
 
Track the production date/time as well as the acquisition 
date/time of the input data and implement and manage 
a product versioning scheme 
   

- L1T from USGS to SDSU by an FTP-Cron job 

- SDSU student manually orders scenes with cloud 

cover < 80% via EROS GLOVIS interface every 2 days 

 may get scenes cloud cover > 80% ordered by other users 
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Lesson #4 

Science algorithms developed  
on individual scenes  

 

don’t necessarily provide consistency 
between scenes  



V1.5 WELD Cloud Tree Algorithm  
500m browse: cloud fraction (0-100%) in each 500m pixel  

Jan 15-21, 2008 CONUS WELD tiles 



ACCA 
500m browse: cloud fraction (0-100%) in each 500m pixel  

Jan 15-21, 2008 CONUS WELD tiles 



Spatial Subset V1.5 WELD TOA True Color 30m Reflectance 
Jan 15-21, 2008 CONUS (10217x10217 30m pixels) 



V1.5 WELD Cloud Tree Algorithm  
 



ACCA 



Lesson #5 

Product Quality Assessment challenge 
increases with 

 

- Data Volume 
 



Landsat 7 ETM+ July 2008 11,000,000,000 30m land pixels 

500m Browse (9706x6471 500m pixels) 



Landsat 7 ETM+ July 2002 



Landsat 7 ETM+ Summer 2008 



Landsat 7 ETM+ Summer 2002 



Landsat 7 
ETM+  
 

July 2008 
 

Florida 

1500 x 1900 30m pixels 



July 2008 
Landsat 7 ETM+ 



July 2002 
Landsat 7 ETM+ 



WELD, July 2008, Version 1.5 350X250  pixels   



WELD, July 2008, Version 1.6 350X250  pixels   



WELD, July 2008, Version 1.5 350X250  pixels   



350X250  pixels   WELD, July 2008, Version 1.6 



 

Number of Observations in monthly compositing period 
Red = 1   Yellow = 2   Blue = 3    Green = 4 



Lesson #6 

Product Quality Assessment challenge 
increases with 

 

- Algorithm complexity 
 

- Product dependencies 
 



WELD  
Tile h25v10, 
West Virginia 
 
TOA  
Reflectance 
True Color  
 

June, 2008  
 
 

5000 X 5000  pixels   



5000 X 5000  pixels   

WELD  
Tile h25v10, 
West Virginia 
 
Surface 
Reflectance 
True Color  
 

June, 2008  
 
 



WELD  
Tile h25v10, 
West Virginia 
 

New  
L1T Index 
band (unique 
code per pixel  
defining L1T  
file – relative  
to filename  
list in product 
metadata)  
 

 
 
 

9 L1T files used to 
make this monthly 
WELD tile 



WELD  
Tile h25v10, 
West Virginia 
 
Atmospheric 
Correction  
Aerosol QA 
bits 
 

June, 2008  
 
 5000 X 5000  pixels   



5000 X 5000  pixels   

WELD  
Tile h25v10, 
West Virginia 
 
Surface 
Reflectance 
True Color  
 

June, 2008  
 
 



700 X 700  pixels   

WELD  
Tile h25v10, 
West Virginia 
 
TOA  
Reflectance 
True Color  
 

June, 2008  
 
 



700 X 700  pixels   

WELD  
Tile h25v10, 
West Virginia 
 
Surface 
Reflectance 
True Color  
 

June, 2008  
 
 



WELD  
Tile h25v10, 
West Virginia 
 
New  
L1T Index 
band (unique 
code per pixel  
defining L1T  
file – relative  
to filename  
list in product 
metadata)  
 

June, 2008  
 
 



Lesson #7 

Expect schedule creep  

in Science Product Development  



Release Date Version Region Period 

Keep Online 1.5 CONUS & Alaska 
 

2006, 2007, 2008, 2009, 2010 
weekly, monthly, seasonal, annual 

December 2011 
 

2.0 CONUS & Alaska 2010  
weekly, monthly, seasonal, annual 

December 2011 2.0 CONUS 
 

5 year based land cover 

 

Community Opportunity for Comparison of 2010 Version 1.5  and Version 2.0 products 
Community WELD Workshop 

 

Fall 2012  
to  
Spring 2013 

2.x CONUS & Alaska 
 

2005,  2006, ….  2012 
weekly, monthly, seasonal, annual 
 

Planned WELD Product Release 
 Presented at half day NASA WELD review at the ORNL-LP DAAC 
Joint User Working Group Meeting, Annapolis, MD, March 8th 2011 



Release Date Version Region Period 

January 2012 1.6 CONUS & Alaska 
 

2005 / 06 / 07 / 08 / 09 / 10 / 11, 
weekly, monthly, seasonal, annual 

Late Spring 2012 
 

2.0 CONUS & Alaska 2010  
weekly, monthly, seasonal, annual 

Late Spring 2012 2.0 CONUS 
 

5 year based land cover 

 

Community Opportunity for Comparison of 2010 Version 1.6  and Version 2.0 products 
Community WELD Workshop 

 

Fall 2012  
to  
Spring 2013 

2.x CONUS & Alaska 
 

2002 ….  2012 
weekly, monthly, seasonal, annual 
 

Revised WELD Product Release 
As of today, August 2011 



david.roy@sdstate.edu (GSE/GEOG-741-S01) 

Lessons Summary 
• You cannot hit a big red button to make reliable large area and/or 

long term Landsat higher level data products 
 
• Get the product out early, Ensure mechanisms to involve the user 

community in product QA, Reprocess products as needed 
 

• Routinely QA the input data 
 

• Track the production date/time as well as the acquisition date/time of the 
input data and implement and manage a product versioning scheme 
 

• Science algorithms developed on individual scenes don’t necessarily 
provide consistency between scenes 
 

• Product Quality Assessment challenge increases with data volume, 
algorithm complexity and product dependencies 
 

• Expect schedule creep in Science Product Development  
 
 
 
 

 



david.roy@sdstate.edu (GSE/GEOG-741-S01) Generated from 6,796 L1T acquisitions in USGS EROS archive with cloud cover < 40% 

Landsat ETM+ 30m Leaf-on Single Month composite  
(Southern hemisphere Jan. 2010, Tropics ±20° October 2009, Northern hemisphere July 2009) 

 
Global WELD Pathfinding 

MODIS Land Sinusoidal Projection 



david.roy@sdstate.edu (GSE/GEOG-741-S01) 

NEX – early result – CONUS July 
2008  

MODIS Land Sinusoidal Projection 



Landsat 5 TM+ Summer 2008 



Landsat 5 TM+ July 2008 
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