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Table 1 Key indicators for aeolian desertification

status and dynamic monitoring
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Table 3 TDDI classification of the Horqin Sandy Land from 2000 to 2025
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Spatiotemporal patterns and driving factors of aeolian desertification in
the Horqin Sandy Land based on KNDVI-Albedo-SWCI three-
dimensional feature space and XGBoost-SHAP analysis

Cao Wanying'*, Duan Hanchen', Jia Xiaopeng'
(1.State Key Laboratory of Ecological Safety and Sustainable Development in Arid Lands, Northwest Institute of Eco-En-
vironment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of

Sciences, Beijing 100049, China)

Abstract: The Horqin Sandy Land, located in northern China, represents a quintessential agro-pastoral ecotone
and serves as a critical area for the implementation of the Three-North Shelter Forest Program. Due to its intricate
desertification evolution processes, it is an exemplary region for conducting desertification research. In order to
precisely elucidate the spatiotemporal evolution patterns and driving mechanisms of desertification within the
Horgin Sandy Land, this study introduces an innovative three-dimensional feature space model, denoted as kKND-
VI-Albedo-SWCI, to facilitate the dynamic monitoring of desertification across spatial and temporal dimensions.
Building upon this framework, the XGBoost model is employed to examine the driving factors of desertifica-
tion, and the SHAP method is utilized to quantitatively assess the relative contributions of both natural and an-
thropogenic factors to the evolution of desertification. The findings indicate that: (1) The incorporation of the
moisture component within the kKNDVI-Albedo-SWCI three-dimensional feature space model enables a compre-
hensive characterization of vegetation, albedo, and surface water information, thereby enhancing the depiction
of desertification characteristics in complex surface environments. (2) The three-dimensional feature space mod-
el, utilizing kKNDVI-Albedo-SWCI, demonstrates a robust capability in accurately identifying the degree of de-
sertification in the Horqin Sandy Land, achieving an overall classification accuracy of 0.80 and a Kappa coeffi-
cient of 0.75. This indicates the model's substantial stability and reliability in extracting desertification informa-
tion. (3) From a temporal perspective, the desertified area within the Horqin Sandy Land has generally exhibited
a declining trend from 2000 to 2025, with marked signs of desertification reversal, suggesting that regional eco-
logical restoration initiatives have yielded positive outcomes. (4) The driving force analysis, conducted using
XGBoost-SHAP, highlights that soil texture and actual evapotranspiration are among the most significant driving
factors, playing a crucial role in influencing the desertification dynamics of the Horqin Sandy Land. The integra-
tion of the three-dimensional feature space model developed in this study with the interpretable machine learning
approach of XGBoost-SHAP offers reliable technical support for dynamic monitoring of desertification, analysis
of driving mechanisms, and evaluation of the effectiveness of sand prevention and control projects in arid and
semi-arid regions.

Key words: three-dimensional feature space; XGBoost-SHAP; aeolian desertification monitoring; driving fac-

tors; Horqgin Sandy Land



