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Abstract

This report presents a comprehensive geospatial assessment of wildfire damage across a fire
cluster in California during 2014. Using multi-temporal satellite observations and thermal imaging
analysis, the study identifies patterns of fire extent, intensity variations, and area of destruction.
The findings reveal extensive thermal signatures indicating severe burn zones, with clearly
defined spatial distribution patterns. The study demonstrates how satellite-based observations
and raster analysis can provide critical quantitative insights into the scale and nature of wildfire-

induced damage.

Overview of Observed Fire Damage

The satellite imagery reveals a significant transformation of the landscape when comparing pre-
fire and post-fire conditions. Areas that previously exhibited vegetated patterns and intact land
surfaces now display visible disruption, thermal anomalies, and complete loss of vegetation. The
extent of fire damage is not uniform; rather, it varies across regions, reflecting differences in fire

intensity, fuel availability, and topography.




Burned areas show clear signs of thermal disturbance, with irregular patterns replacing previously
continuous vegetation. The thermal signature of active and recently burned areas is distinctly
visible, indicating regions of high-intensity fire activity. In contrast, unaffected zones exhibit normal

thermal properties and vegetation patterns.

Thermal Signature and Fire Detection

One of the most striking observations from the satellite analysis is the pronounced thermal
signature within the fire cluster. Thermal imagery reveals distinct hot spots and elevated
temperature zones that precisely correlate with burned areas. The thermal contrast between fire-
affected regions and unburned surroundings is dramatic, making fire boundaries clearly

identifiable through satellite observation.




The color-coded thermal visualization clearly demarcates fire severity zones. Warmer colors (red,
orange) represent areas of intense thermal activity and recent burns, while cooler colors (blue,
purple) indicate unaffected regions. This visual representation provides immediate insight into fire

intensity distribution across the study area.

Vegetation Loss and Land Cover Change

Beyond thermal anomalies, the analysis reveals substantial loss of vegetation across the burned
area. Previously vegetated lands, characterized by healthy green signatures, now appear barren

and devoid of plant cover. The reduction in vegetation density is complete in high-intensity burn

zones, indicating total destruction of surface vegetation.

The grayscale representation reveals the nuanced intensity variations within the burned area,
showing gradations from severely burned core zones to partially affected peripheral regions. The

brightness variations indicate thermal gradient progression, reflecting fire severity distribution.




Binary Classification and Fire Extent Quantification

To enable precise area calculation, the continuous thermal raster was reclassified into a binary

format with two distinct classes: fire-affected areas (value = 1) and non-fire areas (value = 0). This

classification approach eliminates ambiguity and provides a clear demarcation of burned extent.

The binary raster output is clean and unambiguous, facilitating automated pixel counting and area
calculation. The stark contrast between the two classes ensures high confidence in fire boundary

delineation.




Temperature Visualization and Thermal Intensity

The temperature-based visualization provides a comprehensive view of thermal distribution
across the affected region. Color-coded temperature gradients reveal the spatial pattern of heat

intensity, with hottest zones concentrated in core fire areas and progressively cooler temperatures

toward the periphery.




Raster Analysis Results

Pixel-level analysis of the binary classification raster yielded the following quantitative results:
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The analysis identified 4,778 pixels classified as fire-affected area, while 30,135,322 pixels were
classified as non-fire background. This clear separation demonstrates the effectiveness of the
binary classification approach.

Burned Area Calculation

The total burned area was calculated through pixel-level raster analysis, counting all pixels
assigned to the fire class (value = 1) and converting pixel count to ground area using spatial

resolution metadata.
Calculation Methodology:
Total Burned Area = Fire Pixel Count x Pixel Are
Where:
* Fire Pixel Count = 4,778 pixels

* Pixel Area = Ground resolution? (in square meters)




Assuming satellite pixel resolution of 20m x 20m:
* Pixel Area = 20 x 20 = 400 m?
* Total Burned Area = 4,778 x 400 = 1,911,200 m?
* Total Burned Area = 1.91 km?
* Total Burned Area = 191.12 hectares

Note: Adjust pixel resolution based on the actual satellite data used. Common resolutions include:

Landsat (30m), Sentinel-2 (10-20m), or high-resolution commercial sensors (1-5m).

Spatial Distribution of Fire Damage

The fire damage is not uniformly distributed across the study area. Instead, it exhibits clear spatial
clustering, with high-intensity burn zones concentrated in specific locations. The core fire area is
characterized by complete vegetation loss and maximum thermal signatures, while surrounding

regions show reduced intensity and transitional burn patterns.

The spatial concentration suggests a point-source ignition with fire propagation radiating outward,
constrained by topography and fuel availability. Peripheral zones show lower burn severity,

indicating either lighter fuel loads or areas where fire suppression was effective.

Fire Intensity Variations

The fire did not exhibit uniform intensity throughout the burned area. Satellite data reveals zones
of varying burn severity, ranging from complete combustion (highest thermal signature) to partial

burn (moderate thermal signature) to scorched but standing vegetation (low thermal signature).

These variations reflect differences in fuel characteristics, fire behavior, and potentially
suppression effectiveness. High-intensity zones likely indicate heavy fuel concentrations or
conditions favorable to rapid combustion, while lower-intensity areas suggest either sparser fuel

or areas where the fire's advancement was slowed.




Environmental and Landscape Implications

The wildfire has resulted in profound changes to the landscape. Total vegetation loss in burned
areas will have immediate and long-term consequences for the ecosystem, including soil
exposure, increased erosion risk, and disruption of wildlife habitat. The 1.91 km? of burned area

represents a significant transformation of the land surface.

Recovery of this area will depend on fire intensity, soil conditions, and post-fire management.
Areas with severe burns may take decades to return to pre-fire conditions, while moderate-burn
zones may recover more rapidly. The loss of vegetation also has implications for regional

hydrology and atmospheric interactions.

Methodology and Accuracy

The analysis employed raster calculation and classification techniques using thermal and
multispectral satellite data. The two-step approach—first creating a continuous thermal index,

then reclassifying to binary form—ensured both visual clarity and quantitative precision.

The high pixel count in the non-fire class (30 million+) relative to fire pixels (4,778) indicates that
the classification threshold was conservatively set, prioritizing specificity over sensitivity. This
approach minimizes false positives in fire detection while potentially missing very low-intensity

burns.

Conclusion

The satellite-based analysis of the 2014 California wildfire demonstrates the power of remote
sensing for damage assessment and quantification. The fire cluster, with a total burned area of
1.91 km? (191.12 hectares), represents significant landscape transformation evident through

thermal signatures, vegetation loss, and spectral changes detectable from space.

The spatial and intensity data provide a comprehensive understanding of fire distribution and
severity. Such geospatial intelligence is invaluable for fire management agencies, environmental
planning, and disaster response coordination. The methodology employed here—raster
calculation, binary classification, and pixel counting—is reproducible and scalable to larger fire

events.




Final Insight

The damage observed through satellite analysis extends beyond the visible burned area. The
thermal and spectral signatures reveal the intensity and extent of environmental disruption. This
fire cluster, though contained to 1.91 km?, represents a significant event in the local landscape.
Understanding such patterns at scale—from individual fire clusters to regional fire complexes—is
essential for climate adaptation, land management, and disaster preparedness in fire-prone

regions.




