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This final report describes the accomplishments of Project 01C-2-1-02 which ended April 30, 
2005. Related work is continuing through JFSP project 03-3-1-02 “Assessing Causes, 
Consequences and Spatial Variability of Burn Severity” and will not be reported here. 

Executive Summary 
Mapping postfire burn severity is one of the first postfire tasks accomplished because burn 
severity is an essential input for the risk assessment associated with increased erosion and 
flooding. Recently, remote sensing data, such as multi-spectral satellite imagery, has been used 
to delineate postfire burn extent and vegetation condition and to use those data to inform the 
subsequent burn severity map. We evaluated hyperspectral airborne imagery to determine if 
these additional spectral data would improve our ability to determine on-the-ground burn 
severity. The additional information provided by the higher resolution hyperspectral imagery (as 
compared to multi-spectral satellite imagery) makes it possible to more accurately assess the 
effects of the fire on the soil surface.  
 
This pilot study has provided a framework and method of analysis for hyperspectral data. 
However, due to the current complexity of airborne data acquisition and post-flight processing, 
additional research is needed before these data can be used to improve the speed and accuracy of 
burn severity mapping. This study was the impetus for continued research in the area of 
hyperspectral mapping of burn severity that includes JFSP project 03-3-1-02, “Assessing Causes, 
Consequences and Spatial Variability of Burn Severity.”   
 
Dissemination of our results included presentations at remote sensing conferences and 
workshops. Project report, peer-reviewed journal articles and conference proceedings were 
instrumental in disseminating the science findings.  

Introduction 
Immediately after wildfires, rehabilitation teams create burn severity maps, whose designations 
direct their subsequent rehabilitation efforts. Burn severity is a general classification (high, 
moderate, low) of first-order fire effects on litter and soil, and varies by fuel type and fire 
duration at a given location. While these general classifications are very useful for rehabilitation, 
they are difficult to map accurately. Postfire burn severity mapping efforts have taken advantage 
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of technological innovations, such as remote satellite imagery and GIS software, to improve the 
accuracy of burn severity designations and the speed at which the map is produced. As new 
remote sensing tools become available, their capabilities must be tested—both on the ground and 
in the air—to determine how they can be integrated into, and improve, existing mapping 
methods.  

Goals and Objectives 
This project addressed the needs of JFSP RFP 2001-2 Task 1.  
 

The goal of this study was to evaluate the use of a new remote sensing 
technique, hyperspectral imaging, for rapidly and accurately 
determining burn severity. 

 
Hyperspectral airborne imagery, handheld field spectrometer data, and measurements of site 
characteristics were collected and analyzed following the Hayman fire in Colorado to determine 
how these sensors can be used to analyze and map burned areas. Specifically, the objectives 
were: 

1. To a) collect postfire airborne hyperspectral imagery and field spectra 
and b) apply newly-developed image analysis techniques for the 
determination of burn severity;  

 

2. To develop a spectral library of burn severity characteristics useful 
for image classification through the comparison of hyperspectral 
results to on-the-ground measurements of burn severity; and 

 
3. To develop quality assurance and image acquisition protocols that can 

be used in future burn severity mapping efforts. 

All of the experience, techniques, and insight garnered during this pilot study are being applied 
in the current, expanded effort being funded by JFSP project 03-3-1-02.  

Accomplishments 
 
Objective 1: To collect postfire airborne hyperspectral imagery and field spectra; To analyze 

these data to determine burn severity at specific locations. 
 

Airborne hyperspectral sensors provide imagery in continuous bands for an area of the 
spectrum ranging from the visible to short-wave infrared. Handheld spectrometers offer 
close-range information for the same spectral wavelengths and can help directly correlate 
ground-surface reflectance features and remotely sensed imagery. Four weeks after the 
2002 Hayman Fire was controlled, seven flight lines were flown by Earth Search, Inc. 
over 95 percent of the burned area. Field ground-truth measurements were taken at 72 
plots that were nearly equally divided between unburned, high, moderate, and low burn 
severity classes. 
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Hyperspectral image-analysis techniques were tested specifically for determination of 
postfire burn severity. The analysis resulted in a) a geo-referenced, hyperspectral imagery 
mosaic; b) field spectrometer data for representative burn-severity sites; and c) 
classification algorithms for hyperspectral analysis of burn severity. 
 
Extending beyond the specific project objectives, these hyperspectral data were also used 
to investigate potential remote detection of water repellent soil.  
 

Objective 2:  To develop a spectral library of burn severity characteristics 
 

Burn severity algorithms developed from field spectra were applied to the hyperspectral 
imagery to develop a postfire spectral library of various ground cover conditions 
identified in the study area. These spectral signatures were used to classify of areas of the 
hyperspectral images into designated burn severity categories.  

 
Objective 3:  To develop protocols for obtaining and using hyperspectral images in future burn 

severity mapping efforts 
 

To obtain the airborne data, a process for delineating, scheduling, and paying for 
hyperspectral flights and pre-analysis of data from an outside contractor was developed 
and refined for this project. A collaboration with USGS was established to obtain the 
ground-based (field) spectra data. This trial process required more time than would be 
practical for post-wildfire burn severity mapping. The development of usable protocols 
will require several additional ‘trials’ to hone a practical system of data collection and 
analysis that provides rapid and accurate information as needed for postfire assessments.   

Key Science Findings 
The bulleted list below is a selected list of new science findings that are reported in more detail 
in the published reports, proceedings, and articles: 
 

• BAER Burn Severity map for the Hayman Fire was approximately 70% accurate when 
compared to ground-truthed field plots. 

 

• Four ground surface components (ash, soil, scorched and green vegetation) were 
determined to be most highly related, and therefore, most useful for determining burn 
severity.  

 

• The spectral signatures of these representative surface components were determined and 
included in a library of spectral signatures that may or may not be useful in other 
locations.  In other words, the spectral libraries can be created, but additional research 
will be needed to determine the universality of these spectral signatures. 
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• Each hyperspectral data pixel can be ‘unmixed’ to characterize and quantify the various 
materials found in a corresponding ground location. 

 

• A strong relationship between water repellent soil conditions and burn severity was found 
that will improve the detection of water repellent soils and modeling postfire 
hydrological responses. 

Deliverables 
We have exceeded our proposed deliverables, both in presentations and publications.   

Presentations 
1. Lewis, S.A.; Robichaud, P.R.; Elliott, W.J.; Wu, J.Q.; Frazier, B. Hyperspectral remote 

sensing of postfire soil properties. Tenth Biennial Forest Service Remote Sensing 
Applications Conference. Salt Lake City, UT: 5-9 April 2004.  
 

2. Laes, D.M.; Maus, P.; Lewis, S.A.; Robichaud, P.R.; Kokaly, R.F. Postfire burn severity 
classification of the Hayman Fire, CO. Poster. Tenth Biennial Forest Service Remote 
Sensing Applications Conference. Salt Lake City, UT: 5-9 April 2004. 
  

3. Robichaud, P.R.; Lewis, S.A.; Laes, D.M. Evaluating hyperspectral images for burn 
severity classification and water repellent conditions. Collaborative Investigation of 
Wildfire Workshop, US Geological Survey, Boulder, CO: 10-12 July 2004. 

 
4. Lentile, L.B.; Lewis, S.A.; Hudak, A.T.; Robichaud, P.R.; Morgan, P.; Stone, W. Rapid 

Response Research: Lessons from Assessing Burn Severity On Active Wildfires. Poster. 
Mixed Severity Fire Regimes. Ecology and Management Symposium, Spokane, WA: 17-
19 November 2004. 

 
5. Lewis, S.A.;  Robichaud, P.R.; Laes, D.M.; Hudak, A.T.; Lentile, L.; Morgan, P. 

Comparing remotely sensed burn severity with fire-induced soil water repellency. 
Association of American Geographers Annual Meeting, Denver, CO: 5-8 April 2005. 

Publications  
 

1. Lewis, S.A. 2003. Hyperspectral remote sensing of fire-induced water repellent soils. 
Pullman, WA: Washington State University. 74 p. MS Thesis. 

 
2. Lewis, S.A.; Robichaud, P.R.; Elliot, W.J.; Wu, J.Q.; Frazier, B. 2004. Hyperspectral 

remote sensing of postfire soil properties. In: Proceedings of the Tenth Biennial Forest 
Service Remote Sensing Applications Conference. 2004 April 5-9; Salt Lake City, UT: 
U.S. Department of Agriculture, Forest Service, Remote Sensing Application Center: 
CD-ROM 12 p. 
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3. Laes, D.M.; Maus, P.; Lewis, S.A.; Robichaud, P.R.; Kokaly, R.F. 2004. Postfire burn 
severity classification of the Hayman Fire, CO: based on hyperspectral data-JFSP RFP 
2001-2 Task 1. Salt Lake City, UT: U.S. Department of Agriculture, Forest Service, 
Remote Sensing Application Center; Project Report RSAC-0068-RPT1. 25 p.  

 
Future Publications: 

 
4. Lewis, S.A.; Wu, J.Q.; Robichaud, P.R. [In Press] Assessing burn severity and comparing 

soil water repellency, Hayman Fire, Colorado. Hydrological Processes. 
 
5. Robichaud, P.R.; Lewis, S.A.; Laes, D.M.; Hudak, A.T.; Kokaly, R.F. [In Preparation] 

Postfire burn severity mapping of the Hayman Fire, CO: A four endmember spectral 
mixture analysis. [Potential Outlet: Photogrammetric Engineering and Remote Sensing] 
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