ChinaAI-FSC: A Comprehensive AI-Ready MODIS Fractional Snow Cover Dataset for China (2000-2022)
DOI：10.5281/zenodo.17707386
CSTR：11738.11.NCDC.ZENODO.DB7177.2026
Share type:Open Access
Category:Snow
Datasets description
    ChinaAI-FSC, the first large-scale, standardized, AI-ready fractional snow cover (FSC) sample collection for China, spanning 22 snow seasons from 2000 to 2022 and addressing a critical gap in long-term snow monitoring. The dataset consists of 47,728 samples (each 128×128 MODIS-pixel tiles), enable both point-scale and tile-scale spatially contextualized AI modelling. A structured and transparent workflow, encompassing systematic sample preparation, rigorous quality control, spatiotemporal sample partitioning, and standardized metadata, ensures reproducibility, physical consistency, and interoperability across machine learning and deep learning applications. Dataset reliability and AI-readiness were systematically evaluated using a novel “Four Layers-Four Domains-Fifteen Attributes (4L-4D-15A)” assessment protocol, covering data, information, system, and application dimensions. The quality, reliability, and usability of ChinaAI-FSC were demonstrated through three representative use cases: (1) benchmarking of six ML/DL models (ANN, SVR, RF, CNN, UNet, and ResNet), (2) validation of the standard MODIS FSC product, and (3) nationwide seamless FSC mapping. By providing harmonized, validated, and well-documented samples, ChinaAI-FSC establishes a unified foundation for AI-driven snow cover mapping, long-term monitoring, and cryosphere–hydrological modelling, promoting reproducible, interoperable, and next-generation research in cryospheric science. 
Data source description
    The ChinaAI-FSC dataset was constructed using three main categories of data sources. (1) High-resolution reference imagery: Landsat-5 TM, Landsat-7 ETM+, Landsat-8 OLI, and Landsat-9 OLI-2 Collection 2 Level-2 Surface Reflectance products, along with Sentinel-2A/2B MSI Level-2A Surface Reflectance products, were obtained from the USGS Earth Explorer and ESA Copernicus Data Space Ecosystem platforms, respectively. These images were used to generate high-accuracy fractional snow cover reference labels. (2) MODIS data: The seamless 500 m global land surface reflectance dataset (SDC500) was used to extract MODIS bands 1–7 reflectance. The standard MODIS snow product (MOD10A1) and land cover product (MCD12Q1) were also incorporated as input features. (3) Auxiliary data: These include the global annual fractional tree cover dataset (GLOBAMP FTC), the daily 1 km all-weather land surface temperature dataset over China and surrounding regions (TRIMS LST), the SRTM digital elevation model and its derived topographic attributes (elevation, slope, aspect, terrain relief, surface roughness), as well as geographic location (longitude and latitude) and Julian day. All datasets were reprojected and resampled to a unified geographic coordinate system and spatial resolution consistent with the MODIS products.
Data processing method
    (1) High-resolution reference FSC calculation: Binary snow maps at 30 m resolution were first generated from Landsat and Sentinel-2 imagery using an improved SNOMAP algorithm. For each MODIS pixel, the reference FSC value was computed as the proportion of snow-covered high-resolution pixels within a circular neighborhood centered on the MODIS pixel centroid, with a radius equal to 1.5 times the MODIS pixel size. (2) Feature variable extraction: A total of 20 feature variables were derived, including MODIS surface reflectance (bands 1–7), Normalized Difference Snow Index (NDSI), Normalized Difference Vegetation Index (NDVI), land cover type, land surface temperature, fractional tree cover, topographic variables (elevation, slope, aspect, terrain relief, surface roughness), geographic coordinates, and Julian day. (3) Sample generation: The study area was divided into regular 0.64° × 0.64° grid tiles, each corresponding to 128 × 128 MODIS pixels, forming spatially contiguous tile-based samples. A total of 166,763 original samples were generated. (4) Quality control: A multi-level quality control procedure was implemented across six dimensions: pixel-level data validity, spectral-snow physical consistency, temperature-snow energy balance consistency, topographic modulation consistency, land cover and forest canopy effect consistency, and cross-variable consistency. After rigorous screening, 47,728 high-quality samples were retained. (5) Sample partitioning: Samples were divided into training, validation, and testing subsets following a spatially disjoint 2:1:1 ratio to ensure robust model generalization.
Data quality description
   (1) Physical consistency: Correlation analysis between the 20 feature variables and FSC revealed physically interpretable patterns, with FSC showing strong positive correlations with NDSI and visible reflectance bands, strong negative correlations with LST and shortwave-infrared reflectance, and reasonable relationships with elevation and topographic variables. Spatial coherence between FSC and key drivers was also visually confirmed, demonstrating robust physical consistency. (2) Independent validation: The reference FSC labels were validated against in-situ snow depth observations from 507 meteorological stations spanning 2013–2020, achieving an overall accuracy of 0.944. Stratified validation yielded accuracies of 0.970 in mountainous regions and 0.906 in forested areas, confirming the reliability of the reference labels across diverse surface conditions. (3) AI-readiness assessment: A novel "Four Layers-Four Domains-Fifteen Attributes (4L-4D-15A)" evaluation framework was introduced to assess dataset readiness from data, information, system, and application perspectives. The dataset achieved high readiness levels across all dimensions, confirming its suitability for direct use in AI workflows in terms of data cleaning, multi-source integration, metadata completeness, spatial organization, and algorithmic adaptability. (4) Representative applications: Three use cases—benchmarking of six ML/DL models, validation of the standard MODIS FSC product, and nationwide seamless FSC mapping—further demonstrated the dataset's reliability, representativeness, and generalization capability for supporting high-accuracy, large-scale snow cover modeling across heterogeneous regions. 
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For the achievements published in English, please refer to the following specifications：
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