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Figure S1. The plot of ridge coefficients as a function of the regularization and ridge coefficient using RR Model. a, the
weights of normalized XWT parameters have levelled off after a as 5. b, the GV&DA F3, GV&SA F5, GV&DA F7, and
GV&SA F3 are negatively correlated with SOM, while other normalized XWT parameters are positively related to
SOM.
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Figure S2. Loss profile example of GBRT for both training set and validation set. We selected the Least Squares to
construct loss profile, setting the number of CART weak regression trees as 200, the maximum tree depth as 3, the
minimum sample segmentation as 2, and the learning rate as 0.05 to prevent the fluctuation of the learning profile.
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Figure S3. The 13 normalized XWT parameters selected as variables to map SOM. These were modified from Sun et
al. (2020).
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Figure S4. the Pearson correlation coefficient (r) and the significant level (p) between SOM and XWT parameters
displayed in lower left and upper right, respectively.
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Figure S5. The histograms of estimation uncertainty of XWT-based framework using RR, LS-SVM, RF and GBRT.
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Figure S6. Average SOM estimated and mapped after 20 operations, using covariate conventionally averaged from
endmembers time series. (a) RR, (b) LS-SVM, (c) RF, and (d) GBRT were used respectively. All of images were
displayed within identical range (0-35.3 g-kg-1).
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Figure S7. Estimation uncertainties of covariate conventionally averaged from endmembers time series. (a) RR, (b) LS-
SVM, (c) RF, and (d) GBRT were used. e was histograms of estimation uncertainties. 1.645 times standard deviation
were used as 90% prediction interval, after 20 operations with randomly changing the training set and validation set.
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