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within California chaparral (Henry and Hope 1998) and Spanish grasslands and

forests (Diaz-Delgado et al. 2003).

In North American forests, the DNBR has been widely applied as a coincident

(one year post-fire) measure of canopy effects (van Wagdentonk et al. 2004, Brewer

et al. 2005, Cocke et al. 2005). DNBR is typically compared to the Composite Burn

Index (CBI) field measure (van Wagtendonk et al. 2004, Cocke et al. 2005, Epting

et al. 2005), which is an integrative measure, based on qualitative assessment of post-

fire effects across understory and overstory strata. A dominant concern is that

DNBR exhibits a non-linear asymptotic relationship with CBI (van Wagdentonk

et al. 2004, Cocke et al. 2005) that varies with sensor spatial resolution (van

Wagtendonk et al. 2004) and environment (Epting et al. 2005). Further concerns

about DNBR include its lack of quantitative calibration and its performance as a

predictor, rather than a measure of various post-fire ecosystem responses (Smith

et al. 2005, Lentile et al. 2006a, Roy et al. 2006).

Linear spectral unmixing has been widely applied to produce maps of the area

burned (e.g., Cochrane and Souza 1998, Vafeidis and Drake 2005; Smith et al.
2007); however, little research has explored its application for measuring the

variation in fire effects within a burned area. Consequently, Lentile et al. (2006a)

proposed that the proportion of black ash (i.e., char) within a pixel might provide a

quantitative measure of post-fire ecological change. Therefore, the objective of this

study is to preliminarily evaluate both the immediate post-fire char fraction and

DNBR for predicting one-year post-fire field measures of canopy and sub-canopy

conditions.

2. Methods

2.1 Study area and field methods

The study was centred on the Jasper Fire, which during nine days in 2000 burned

, 33 800 ha in the South Dakota Black Hills (figure 1). A complete description of the

fire regime, study area and field methods are provided in Lentile (2004) and Lentile

et al. (2005, 2006b). Ponderosa pine (Pinus ponderosa) stands dominate the area

burned by the Jasper fire, although quaking aspen (Populus tremuloides Michx.)

stands and small meadows were also present. In 2001, 66 study sites were established

in ponderosa pine stands and 14 study sites in aspen stands within the Jasper fire

perimeter. Each ponderosa pine site consisted of three 0.03 ha tree plots located at

bearings 0u, 135u, and 225u azimuth 20 m from the site centre. Each site in aspen

consisted of one 0.03 ha tree plot. Study sites were similar in respect to aspect, slope

(5–13%), elevation (1500–2100 m) and soil type (alfisols, mollisols and inceptisols).

The percentage of live trees, which is the proportion of trees within a plot that

survived the fire, was calculated for each site. Line transects were established at 90u
and 270u bearings with the site centre as the midpoint. Forest floor samples

(0.025 m2) were collected at six points offset 2 m to the south of the line transect.

Forest floor biomass collections were oven-dried and weighed to provide an estimate

of the organic litter weight. Samples were then combusted to correct for soil and ash

weight.

2.2 Remote sensing data and methods

Landsat ETM + images of the study area were acquired (18 August, 1999, 14

September 2000) and converted into the top-of-atmosphere reflectance using the
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standard Landsat 7 calibration equations (http://landsathandbook.gsfc.nasa.gov/

handbook.html). The post-fire Landsat ETM + imagery was converted into ground-

reflectance using the standard method of ‘dark body subtraction’ using the

minimum band pixel values as selected by the ENVI software package (RSI,

Boulder, CO). Following Cocke et al. (2005), the Differenced Normalized Burn

Ratio (DNBR), defined by NBRprefire2 NBRpostfire, where NBR5 (TM42 TM7)/

(TM4 +TM7), was calculated (TM# denotes the reflectance of Landsat band #).

The DNBR image was then scaled by multiplying each value by 1000.

The fraction of char (black ash) within each Landsat pixel was determined using

linear spectral unmixing (Settle and Drake 1993). Importantly, the assumption of

linear mixing has been shown to be valid when considering fire-affected surface

mixtures (Smith et al. 2005). Following Smith et al. (2007), generic spectrums of

senesced vegetation, green vegetation, and char that were collected with a GER 3700

field spectroradiometer (figure 2) were applied in this analysis as the spectral

reflectance curves of these generic surfaces are broadly similar across different

environments (Elvidge 1990, Smith et al. 2005). Linear spectral unmixing was

applied using the IDL/ENVI (version 4.2) with the ‘sum to 1’ constraint applied

(Settle and Drake 1993). This constraint ensures that all the fractions within a pixel
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Figure 1. The Jasper fire was located in western South Dakota on the Black Hills National
Forest. Jasper fire centre latitude is 43u489560N and longitude is 103u529370W. The post-fire
Landsat 7 image (7-4-3 false-colour composite) was acquired on 14 September 2000. The
entire area of the insert represents the area burned by the Jasper fire.
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sum to 1, although it remains possible for individual class fractions to be negative or

to exceed 1. The mean DNBR and char fraction measures were then extracted for

each plot using the ARC software package (ESRI, Redlands, CA, USA).
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Figure 2. Generic spectral reflectance curves of green vegetation, senesced vegetation, and
char (black ash). Spectra were acquired by Smith et al. (2005) from a woodland savannah
environment. The data gap at , 1.8 mm represents the dominant atmospheric water
absorption feature where data quality is insufficient for analysis.
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post-fire canopy condition. However, the necessity of quantitative approaches to

better link remotely sensed data with predictions of fire-related impacts on

biogeochemical and hydrological cycles should not be understated. Further research

is clearly warranted to expand this analysis with data from several other large

North-American wildfires and to investigate other one-year or longer-term field

measures to determine the suitability of this approach to remotely predict measures

of ecosystem recovery. Research is also warranted to repeat this analysis with

spectral end-members collected from North American environments to evaluate the

assumption of similarity of the spectra between the collected and applied study

environments.
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