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Fig.3 Land classification characteristics and surface temperature distribution in the study area in 2021
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Abstract: Coal fires represent a major global environmental hazard characterized by long combustion
cycles, strong concealment, and considerable difficulty in mitigation. They pose severe risks to ecological
security, human health, and energy resources. As coal-fire evolution is a continuous spatiotemporal
process, Land Surface Temperature (LST) serves as a key indicator for identifying thermal anomalies and
tracking fire development. With the rapid accumulation of multi-source remote sensing data, time-series
analysis has become a powerful tool for long-term coal-fire monitoring. However, LST data often exhibit
strong randomness and complex variability, which introduces challenges for long-term sequence analysis.
This study aims to develop a robust coal-fire monitoring method capable of accurately characterizing
long-term LST variations and identifying coal-fire evolution patterns.

The Sandaoba coalfield in Xinjiang, China, was selected as the study area. Using Landsat imagery
and the Google Earth Engine (GEE) platform, a continuous LST dataset from 1998 to 2023 was

constructed. The Seasonal-Trend decomposition procedure based on Loess (STL) was applied to separate
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the LST time series into trend, seasonal, and residual components, allowing the removal of strong seasonal
fluctuations and stochastic disturbances. Spatiotemporal patterns of LST were analyzed using the
extracted trend component. To further identify coal-fire development stages and delineate active fire
zones, the Random Sample Consensus (RANSAC) algorithm was used to fit long-term temperature trends
at the pixel scale. Field survey data collected in 2016 were employed to validate the identification results.

we obtained the following results: The STL decomposition effectively separated the long-term LST
series into stable trend components and variable seasonal and residual signals. The extracted trend item
revealed long-term warming trajectories associated with coal-fire activity more accurately compared with
the raw LST series. Among the 20 coal-fire points detected in the 2016 field survey, 16 fell within high-
value areas of the mean and range of the trend component, indicating strong spatial consistency. The
RANSAC based trend fitting captured spatiotemporal LST evolution from 1998 to 2023 and demonstrated
high agreement with field observations, successfully identifying the initiation, expansion, and gradual
stabilization stages of coal fires. These results validate the robustness and reliability of combining STL
decomposition with RANSAC for long-term coal-fire monitoring.

The proposed STL-based method significantly improves the capability to extract meaningful long-
term LST trends and enhances the adaptability of coal-fire monitoring to complex spatiotemporal
conditions. The method accurately identifies thermal anomalies associated with coal-fire development
and shows strong consistency with field investigation results. This framework enables long-term, large-
scale LST analysis and provides an effective tool for capturing the spatiotemporal characteristics of coal-
fire evolution. The findings offer valuable technical support for future coal-fire surveillance, early
warning, and mitigation planning.

Key words: Coal fire identification; STL decomposition; Landsat; LST time series; Thermal infrared
remote sensing
Supported by Xinjiang Uygur Autonomous Region Key Research and Development Program funded
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