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Figure S1. Annual Greenness Duration Across Antarctica (2002–2023). Each panel shows the spatial distribution of greenness duration during the defined growing season for each year from 2002 to 2023. Greenness duration is calculated as the average number of days that NDVI exceeded 0.2 within each hexagon during the corresponding defined growing season. The color scale represents the magnitude of greenness duration, with darker green indicating longer periods of sustained greenness. The year labels refer to the first year of each defined growing season, which would extend into the following calendar year.
[image: 图片包含 图示

AI-generated content may be incorrect.]
Figure S2. Annual Greenness Distribution Across Antarctica (2002–2023). Each panel shows the spatial distribution of greenness during the defined growing season, labeled by its starting year. Each hexagon represents the total area (km²) where the maximum NDVI exceeded 0.2. Darker green indicates greater green area per hexagon. The year labels refer to the first year of each defined growing season, which would extend into the following calendar year.
[image: ]
Figure S3. Random Forest Model Performance for Predicting Antarctic Greenness Area Ratio. The figure represents the predicted versus actual green area fraction, defined as the proportion of green area within each 0.1° grid cell, based on aggregated 500 m observations (see “Machine Learning Modeling and Analysis” section). Each hexagon represents the logarithmically scaled point density, and the red dashed line denotes the 1:1 reference line. Model performance was evaluated using 5-fold spatiotemporal cross-validation, and the plot includes predictions from all test folds. The reported coefficient of determination (R²) and root mean squared error (RMSE) represent the mean values across the five folds. All data points represent annual observations from 2002 to 2023 across the Antarctic continent.
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Figure S4. Random Forest Model Performance for Predicting Antarctic Greenness Area Ratio Across Antarctic Regions. Panels A, B, and C represent the predicted versus actual greenness area ratio by random forest trained on three regions, which is defined as the proportion of vegetated area within each 0.1° grid cell, based on aggregated 500 m satellite observations (see “Explainable Machine Learning Analysis” section). Each hexagon represents the logarithmically scaled point density. All three panels share the same color bar, and the red dashed line indicates the 1:1 reference line. Model performance was evaluated using 5-fold spatiotemporal cross-validation, and the plots include predictions from all test folds. Reported coefficients of determination (R²) and root mean squared errors (RMSE) are the average values across the five test folds, reflecting model performance in each Antarctic region. All data points represent annual observations from 2002 to 2023 across the Antarctic region.
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Figure S5. Sensitivity Analysis of Greenness Area Using Different NDVI Thresholds. This figure shows the total green area from 2002 to 2023, calculated using NDVI thresholds ranging from 0.10 to 0.30 in increments of 0.05. Each data point represents the green area (km²) identified for a given threshold, using the first year of each defined growing season as the time label. Colored lines indicate fitted linear trends from ordinary least squares regression; shaded bands indicate 95% confidence intervals for linear fits. The legend displays the slope from the linear regression and the p-value from the Mann-Kendall test, assessing the significance of the green area trend for each threshold.
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Figure S6. The sensitive test of the trend of mean greenness duration using different NDVI thresholds. This figure shows the continent-scale mean greenness duration from 2002 to 2023, calculated using NDVI thresholds of 0.1, 0.2, and 0.3 (shown in red, green, and blue, respectively). Each data point represents the area-weighted mean greenness duration for a given threshold, using the first year of each defined growing season as the time label. Colored lines indicate fitted linear trends from ordinary least squares regression; shaded bands indicate 95% confidence intervals for linear fits. The legend reports the slope from the linear regression and the p-value from the Mann-Kendall test for each threshold.

Table S1. Permutation Importance Values for Random Forest Models Across Regions. See attached file.
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