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l. Introduction and Motivation

Using satellite, unmanned aircraft, and meteorological data, this study develops and validates a method to
retrieve sub-pixel fire area fractions from fire pixels, detected at 1 km? nominal spatial resolution, by the
MODerate ion Imaging (MODIS). A two-component model (Dozier method) for
retrieving sub-pixel fire area fraction and temperature has been available since 1981. However, in the
current investigation, modifications are made to the retrieval to account for atmospheric effects by
implementing output from a radiative transfer model at 3.96 and 11 um (MODIS fire detection channels). In
addition, two clustering techniques are implemented to remove potential sources of error that may exist
when using individual pixels. The sub-pixel retrieval will not only provide a valuable step for improving
emissions estimates and plume height forecasts, but will also allow for an investigation into the
meteorological effects on fire radiative power (FRP). This may prove crucial for fire weather and air quality
forecasters.
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Fig. 1. Schematic showing the potential issues caused by sub-pixel fire
characteristics for the MODIS fire detection algorithm.
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Fig. 3. Map showing the variation in AMS pixel size based
on location within a single AMS flight scan.

Why obtain sub-pixel fire information?

+ Improved emissions estimates

1. MODIS Hot Spot Retrieval

The original “Dozier” method (1981), uses the spectral contrast
between a sub-pixel hot target and the surrounding
(presumably uniform) background of the pixel for the 4 pm
middle infrared (MIR) and 11 um thermal infrared (TIR)
channels. This provides two equations that can be solved for Where:
the fire temperature (T,) and the fractional area of the pixel L
covered by the fire (P). Unfortunately, the original Dozier P
method makes several unreasonable assumptions (Giglio and i
Kendall, 2001). Most significantly, all atmospheric contributions

are neglected and the target (fire) and background are

assumed to be blackbodies. Therefore, the approach used . .
here is a modification of the original method and accounts for Performing the MODIS Retrieval
atmospheric effects by incorporating a radiative transfer model LOOKUP TABLE

*SBDART Radiative Transfer Model

*Account for atmospheric effects
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Calculations per MODIS pixel:
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Fig. 4. An example AMS and MODIS collocation map.

IV. AMS Hot Spot Detection
Before AMS data can be used to validate MODIS retrievals, a method for AMS fire (hot spot) detection must
be developed. In our algorithm, the process is automated for each MODIS pixel under scrutiny, which
greatly reduces the overall complexity of the validation process. The thresholds in figure 5 are based on the
unique aspects of the scatter plot or histograms within each MODIS footprint. For example, the 4 and 11 ym
histograms are searched for a region of lower density above a certain minimum threshold. This region is the
threshold for separating smoldering pixels from the actively burning pixels.
Example AMS Daytime Fire Detection Detection Procedure (Fig. 5.)
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V. AMS & MODIS Comparisons
Pixel Level (Fig. 6)

«The retrieval shows some skill for a fire area greater
than ~0.001 km? (1000 m?), which corresponds to a fire
area fraction of 0.001 in a 1 km? MODIS pixel. Several
MODIS pixel fire fractions are within 25% of the AMS
fire fraction while others deviate by more than 75% was | -
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Fig. 6. Comparison between retrieved MODIS fire area (per pixel)
and AMS observed fire area from six collocated cases. The color
scheme indicates the variation in AMS pixel size (based on Fig. 3).
Black indicates AMS mean pixel dimensions less than 10x10 meters
and pink indicates AMS pixel dimensions greater than 15x15 meters
within the respective 1 kmz MODIS pixel
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% 10.24-2007 * Develop a sub-pixel fire algorithm for MODIS

+ Validate the retrieved data using high resolution AMS data

* Quantify the potential sources of error

+ Test the retrieval on several fire events

+ Apply the retrieval to examine the meteorological effects
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Fig. 5. AMS daytime fire detection within a MODIS pixel. (Left) Map containing the AMS hot spots within a MODIS pixel and the
scatterplot of AMS 4 and 11 pm temperature with fire detection thresholds. (Right) Histograms used in AMS fire detection.
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Fig. 8. Comparison between retrieved MODIS fire fractions
and AMS observations using the two clustering techniques
for all six collocated cases.
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