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Abstract: [ Objective ] Using 213 forest soil samples (0— 20 c¢m depth) from Wuqi and Zhidan counties in Yan’an
City, Shaanxi Province, visible-near infrared (Vis-NIR) spectra and measured soil organic carbon (SOC)
content are collected to investigate the effects of nonlinear mathematical transformations combined with fractional-
order differential (FOD) processing on spectral feature extraction and model performance. This study aims to
provide support for improving the accuracy of spectral estimation and intelligent identification of surface SOC
content in the Loess Plateau. [Methods] Four nonlinear transformations-reciprocal (1/R), logarithmic (Ig R),
reciprocal logarithmic (1/Ig R), and square root (+/R)-were applied to raw spectra (R) , followed by fractional-

order differential (FOD) processing at orders 0 — 2 (increments of 0.1). The competitive adaptive reweighted
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sampling (CARS) and successive projection algorithm (SPA) were employed to screen feature bands. Partial
least squares regression (PLSR), random forest (RF), and extreme gradient boosting (XGBoost) models were
constructed, and their performance was compared. [ Results] The soil organic carbon (SOC) content in the
forestland of the study area ranged from 2.50 g/kg to 23.11 g/kg, with an average value of 7.70 g/kg. In the raw
reflectance spectrum (R) , samples with higher SOC content exhibited lower overall reflectance levels. Spectral
reflectance showed an overall decreasing trend with increasing SOC, with the spectral feature bands concentrated
around 550 — 800 nm and 900 nm. Compared to integer-order and higher-order differentials ¢ >1.5) ,
preprocessing with FOD of orders 0.3 — 0.9 more effectively eliminated baseline drift and highlighted subtle
spectral features. Nonlinear transformations, such as logarithmic and reciprocal transformations, significantly
enhanced the spectral identification of soil organic carbon. Compared to SPA, CARS achieved an average R*
improvement of 0.052, an average RMSE reduction of 0.147 g/kg, and an average RPD increase of 0.132 on the
test set. Among all models, PLSR consistently outperformed RF and XGBoost in predictive performance. The
CARS-PLSR model, incorporating nonlinear transformations and FOD processing, attained an R* of 0.843 on the
test set. [ Conclusion] The findings confirm that combining nonlinear transformations with low-to-medium-order

fractional differentials and the CARS-PLSR modeling strategy effectively enhances the spectral estimation

accuracy for soil organic carbon in the Loess Plateau.
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Table 2 Statistical characteristics of forest soil samples in Wugqi and Zhidan Counties
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Fig.2 Raw spectral reflectance curves after smoothing (R)
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Fig.4 Spectral reflectance curves under different differential orders for five data processing methods (including raw spectra)
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Table 3 Comparison of most strongly correlated bands and correlation coefficients of SOC under different transformations

A5 R 1/R VR Ig R 1/1g R

ooy BORMSE M mOMSE M mORMSE Mk mORMSE Mk mORMER (P
Bk B /nm By 14 P BL/nm EY 4 P BL/nm B4 P Be/nm B4 Bt /nm B4

0 586 —0.734"" 592 0.736™ 586 —0.737" 587 —0.739™ 586 0.728™
0.1 586 —0.740™ 586 0.753™ 586 —0.745™ 586 —0.748" 579 0.732™
0.2 579 —0.746™ 578 0.774™ 579 —0.753™ 579 —0.760™" 579 0.737™
0.3 579 —0.753™" 562 0.790™ 571 —0.762" 566 —0.772"" 566 0.742™
0.4 566 —0.762™ 546 0.775" 566 —0.774™ 566 —0.786™" 566 0.749™
0.5 565 —0.770" 892 —0.786™" 559 —0.783" 551 —0.793™" 565 0.754™
0.6 559 —0.778" 866 —0.812"" 551 —0.790™ 546 —0.794" 559 0.760™"
0.7 559 —0.783™ 866 —0.812"™ 551 —0.793™ 795 0.783™ 559 0.764™
0.8 551 —0.785™ 795 —0.793™ 542 —0.780™ 795 0.769™ 551 0.766™
0.9 546 —0.775" 697 —0.785™" 537 —0.739" 697 0.760" 551 0.763™
1.0 546 —0.739" 697 —0.771" 697 0.665™ 697 0.724™ 546 0.7477
1.1 540 —0.675™" 649 —0.7117 402 0.654™ 402 0.659™ 546 0.706™
1.2 402 0.652™" 402 —0.662" 402 0.657™ 402 0.660™ 402 —0.653™
1.3 402 0.651™ 402 —0.661™" 402 0.656™" 402 0.659™ 402 —0.651"
1.4 402 0.650™" 402 —0.660™" 402 0.655™ 402 0.658™ 402 —0.651"
1.5 402 0.650" 402 —0.659 402 0.655™ 402 0.658™ 402 —0.651"
1.6 402 0.650™" 402 —0.659™ 402 0.655™ 402 0.658™ 402 —0.651"
1.7 402 0.650™" 402 —0.658" 402 0.655™" 402 0.657™ 402 —0.651"
1.8 402 0.646™ 401 —0.657" 402 0.651" 402 0.654" 402 —0.647"
1.9 400 0.639™ 401 —0.656"" 400 0.645™ 400 0.649™ 400 —0.639™
2.0 400 0.639™ 400 —0.653™ 400 0.645™ 400 0.649™ 400 —0.640™

T M I R HCR Pearson A 5& 55, SR AU S8 25 PR 4G 38 (n=213) ; = RN FE L AR e R I BE 5 SOC 7 0. 001 7K b i AR E
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