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Simulation of Forest Fire Spread Based on Spatial and Temporal Refinement
and raster metrics
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Abstract: [Objective] Based on the parameters of the fire site and the natural geographical environment
conditions, forest fire trend was simulated accurately aimed at providing a scientific basis for fire rescue
command decision-making. [Method] Taking the Anning "3.29" fire site in 2006 of Yunnan Province as an
example, the driving factors affecting the forest fire spread were analyzed, and GIS spatio-temporal refinement
and grid simulation were conducted. Based on the cellular Automata theory, combined with the forest fire spread
model revised by Wang Zhengfei and Mao Xianmin, with the assist of MATLAB computer simulation, the spatio-
temporal dynamic visualization of forest fire spread was realized, and the accuracy was evaluated by comparing
the historical real fire site archives. [ Result] (1) Mechanism analysis of wind speed driving factors indicates that
wind speed is positively correlated with altitude while negatively correlated with slope, terrain undulation, surface
roughness, and surface temperature. The constructed wind speed field in 30m resolution show consistent in
macro pattern compared to the 1km scale, but with more detailed features. The average maximum wind speed on
the day of the fire was 1.91 m/s, while the minimum was 0.53 m/s. (2) The Mean absolute error (MAE) of the
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30m scale surface temperature retrieved by the radiative transfer model is 2.91 ‘C, '0.35 °C less than that of the
MODIS temperature product, while the MSE difference is 4.63 ‘C, 5.24 °C less than that of the MODIS
temperature product. The average maximum surface temperature on the day of the fire was 69.87 °C, with a
minimum of 0.03 C. (3) Based on the highest temperature, average wind speed, and minimum humidity of the
day, the initial spread speed was determined to be 0.64 (m/min). Combined with geographical conditions,
meteorological factors, and combustible distribution, the fire spread rapidly uphill, with an area of 21.57 km2 and
a circumference of 20.32 km, with an accuracy of 84.34%. [Conclusion] By integrating macro meteorological
conditions and micro surface features, and using GIS spatial modeling and remote sensing inversion, the spatio-
temporal refinement of the driving factors of forest fire spread can be delineated, achieving more accurate
simulation of forest fire spread. Research show theoretical and practical significance for scientific fire prevention

and control, as well as reducing forest fire losses.
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