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Widespread soil contamination endangers public health and undermines global attempts to achieve the United Nations Sustainable 

Development Goals. Spaceborne spectroscopy allows continuous monitoring of soil heavy metals with minimal secondary environ-

mental effects and the coverage of broad areas at low cost. However, due to few relevant studies and low precision, estimating soil 

heavy metals concentrations using satellite image remains a great challenge. In this study, a feature extraction-machine learning cal-

ibration framework was proposed to evaluate the potential of spaceborne VNIR hyperspectral imagery for predicting and mapping 

soil heavy metal nickel (Ni) concentration in Leizhou Peninsula of China. Specifically, spectral features were extracted by Discrete 

Wavelet Transform (DWT) and Dimension Reduction (DR) algorithm that includes Principal Component Analysis (PCA) and t-distribut-

ed Stochastic Neighbor Embedding (tSNE). In conjunction with spectral indices derived from the full spectrum as predictors, Random 

Forest (RF), extreme gradient boosting (XGBoost), Back Propagation Neural Network (BPNN), Support Vector Machine Regression 

(SVMR) and Gaussian Process Regression (GPR) models were developed to predict Ni concentration using Zhuhai-1 OHS imagery 

and the established prediction process. The feature extraction results show that multi-scale DWT of the First Derivative Reflectance 

(FDR) combined with tSNE algorithm for DR provides the most effective method of extracting Ni spectral features. The feature bands 

of Ni were closely related to iron oxides and were distributed around 500, 560, 660-760, 800, 860 and 940 nm. The prediction 

results of machine learning models show that XGBoost and BPNN exhibit excellent predictability and stability (both RPD (>2) and 

SSR/SST (>0.5) were satisfied). The FDR-tSNE-XGBoost framework method provided the most accurate prediction, with RPD of 2.08, 

SSR/SST of 0.80 and slope of 0.80 on the validation dataset. This work offers a reliable and accurate framework for estimating 

and mapping soil Ni concentration.
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