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Abstract: Nighttime light (NTL) remote sensing has become an important technology for characterizing
the spatial distribution of human activities and socio—economic development. With the rapid development of
NTL sensors, multi—source data products, artificial intelligence, and data fusion techniques, NTL remote
sensing has evolved from simple radiance—based characterization toward intelligent data mining and compre-
hensive socio—economic analysis. A systematic review of the development, key technologies, applications,
and future directions of NTL remote sensing data mining is essential for understanding the evolution
and advancement of this field. First, the development of major NTL remote sensing sensors and represen-
tative data products is summarized, including their characteristics in terms of spatial resolution, temporal
coverage, and radiometric capability. Then, the physical mechanisms and quantitative modeling approaches
of NTL signals are reviewed, including radiometric representation, radiation anisotropy, and radiative
transfer modeling. Recent advances in NTL data mining methods are further discussed, with emphasis on
NTL feature representation, statistical and machine learning models, deep learning approaches, and
multimodal data fusion frameworks. Finally, the applications of NTL remote sensing in socio—economic
monitoring, urban development analysis, disaster assessment, energy and carbon emission estimation, eco-
logical environment monitoring, and resource activity detection are summarized. The review demonstrates
that NTL remote sensing has undergone a transition from sensor—based observation and empirical statistical
analysis to physics—informed modeling and intelligent data—driven mining. Improvements in sensor capabili-
ties and quantitative correction methods have enhanced the reliability and interpretability of NTL data.

Meanwhile, machine learning, deep learning, and multimodal fusion approaches have substantially im-
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proved the extraction of complex spatial patterns and socio—economic information from NTL observations.
These advances have expanded the applications of NTL remote sensing from traditional economic indicator
estimation toward fine-scale human activity monitoring and dynamic environmental assessment. Despite
significant progress, NTL remote sensing still faces challenges, including limited physical interpretation
of socio—economic relationships, insufficient model generalization across regions, and difficulties in inte-
grating heterogeneous multi—source data. Future research should focus on high—resolution NTL observa-
tions, advanced artificial intelligence models, physics—informed data mining, and multimodal integration to
improve the accuracy, interpretability, and applicability of NTL remote sensing. These developments will
further promote the application of NTL remote sensing in global change research, sustainable urban de-
velopment, and socio—economic assessment.
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Table 1 Common Satellite-Based Nighttime Light Remote Sensing Data Sources and Basic Information
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