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Increasingly, environmental data are 
needed by land managers to assess the 
present condition of lands and to 
characterize and quantify changes in 
the environmental condition of these 
lands through time.

Hyperspectral surveys



Land managers and the petroleum 
industry they work with in many parts of 
the U.S. need reliable analysis tools for 
rapid quantitative measurements and 
identification of type of stress causing 
environmental impact.



Airborne hyperspectral remote sensing 
is a developing technology with the 
potential to identify plant species, map 
vegetation, characterize soil properties, 
identify surface damage, classify 
ecological units and habitat 
characteristics, and map vegetation 
stress.







USGS Site A three band image. 



Low-altitude photo of salt scar (courtesy of Ken Jewell, USEPA)



Low-altitude photo of scar-lake area (courtesy of Ken Jewell, USEPA)





RG

B



USGS Site A three band image. 



Skiatook Lake



Analysis

The site A study scene consists of 23,100 3m by 3m 
pixels, each with 126 channels of spectral data 
covering the 500 to 2500 nm wavelengths.

Data were analyzed using principal component 
analysis software (ENVI) and a new clustering 
algorithm developed at ORNL to develop vector 
clusters in 126-dimensional space.



Analysis (continued)

• Controlling the correlation parameters between a 
root vector in a cluster and nearby vectors controls 
the number of discrete clusters generated.

• The 3mx3m pixels can be assigned colors 
representing the cluster that characterizes that 
pixel. 

• Site A was analyzed to generate maps with 46 and 
100 discrete cluster types.  

• Here, because of time limits, we will talk about 
the 46 cluster map.                                             



Skiatook Lake



Oak tree signature-
Dominant cluster 
in the map scene, 
3 pixels occur over 
oak trees on 
elongated soil 
pedestal within 
salt scar

Skiatook Lake



Healthy grass-forb
signature-
Widespread, 
includes  pixels at 
edges of elongated 
soil pedestal within 
salt-scarred area

Skiatook Lake



Skiatook Lake

Healthy grass-forb
signature-
Widespread,   
One pixel at edge of 
the elongated soil 
pedestal, a few others 
at margins of the salt 
scar



Skiatook Lake

Thin grass-forb
signature on 
disturbed land, lake 
bottom, and thin 
sandy soil-
Thinly vegetated 
areas around central 
core of the salt scar.  
A dominant pixel 
type on the salt scar, 
but widespread 
elsewhere.



Skiatook Lake

Thin grass-forb
signature on 
disturbed land, lake 
bottom, and some 
thin sandy soils-
Thinly vegetated 
areas on the scar.  A 
major component on 
the salt scar, but 
common on the lake 
bottom. 



Skiatook Lake

Thin grass-forb
signature on the 
salt scar and 
parts of the  
exposed lake 
bottom.



Skiatook Lake



Skiatook Lake



Only 2 maps (for clusters 36 and 37) 
show pixels found only on the salt 
scar (9 pixels combined).  



Correlation maps

• By correlating all vectors in a scene to the 
principal root vector (here this would be the 
oak tree cluster) and plotting the correlation 
values, one can get a view of the degree of 
difference between the dominant feature-
the oak tree canopy- and the nearby 
disturbed areas.









Costs

• The cost of HyVista hyperspectral
imagery is about $60 K for 80,000 acres 
(324 square km).

• Using commercial software (ENVI), 
preliminary analysis of the 
measurements to produce geobotanical
maps costs $10 K.

• Thus, the total cost of producing 
geobotanical maps may be about 
$1/acre.



Conclusions
• The signature of most of the partly revegetated salt 

scar is similar to other oilfield disturbed areas 
(roads, drilling platforms, disturbed areas around 
tank batteries), natural barren soils, and to the 
exposed lake bottom. 

• “Bright pixel” maps and correlation maps can be 
used to discriminate the disturbed areas from areas 
of healthy vegetation.

• Signatures unique to the salt scar are limited.



Further analysis

• This approach involved principal 
component analysis which allows for 
sophisticated identification of similar 
components in a landscape; however, 
interpretation of the character of these 
components relies on a lot of ground truth 
information.  Although much can be 
transferred to assist analysis of other areas, 
each “scene” has unique characteristics that 
limit applicability to other areas.    



Further analysis
(continued)

• Next, we plan to look at spectral analysis 
using the USGS’ Tetracorder system, where 
the spectra for individual pixels are 
compared to large libraries of spectra for 
“pure end-members” and unmixed to 
determine the spectral components of a 
pixel.  



False color image of
the western part of the 
Tallgrass Prairie Preserve


