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Abstract: Soil moisture is an important parameter associated with the land-atmosphere interface
and is highly influenced by multiple factors. Previous studies have provided an effective
mechanism for accurately estimating soil moisture by building a global estimation model that
comprehensively integrates multiple factors at a local scale. However, a global model is inefficient
for accurately estimating soil moisture at a large or even global scale because of the complex
surface features that make it difficult to fit data globally. Furthermore, inconsistencies in the
spatial integrity between multisource data and the mismatch between the training space and
application space decrease the generalizability of the model, which may lead to unreasonable soil
moisture values in certain areas. This study proposes a “pyramid” framework that integrates
multiple factors from different sources using the classification and regression tree (CART)
algorithm, a machine learning method, to estimate soil moisture at a high spatial resolution (1 km).
The framework considers soil moisture as a response variable and several factors, such as
precipitation, soil properties, and temperature, as explanatory variables. The framework uses
piecewise fitting instead of global fitting and avoids the generation of unreasonable values. A
k-fold cross-validation approach using “hold-out” years was used to assess the performance of the

soil moisture estimation framework for the summer period. The results show that the performance
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