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A B S T R A C T

Soil moisture dynamics plays an active role in ecological and hydrological processes, and it depends on a large
number of environmental factors, such as topographic attributes, soil properties, land use types, and pre-
cipitation. However, studies must still clarify the relative significance of these environmental factors at different
soil depths and at different spatial scales. This study aimed: (1) to characterize temporal and spatial variations in
soil moisture content (SMC) at four soil layers (0–40, 40–100, 100–200, and 200–500 cm) and three spatial
scales (plot, hillslope, and region); and (2) to determine their dominant controls in diverse soil layers at different
spatial scales over semiarid and semi-humid areas of the Loess Plateau, China. Given the high co-dependence of
environmental factors, partial least squares regression (PLSR) was used to detect relative significance among 15
selected environmental factors that affect SMC. Temporal variation in SMC decreased with increasing soil depth,
and vertical changes in the 0–500 cm soil profile were divided into a fast-changing layer (0–40 cm), an active
layer (40–100 cm), a sub-active layer (100–200 cm), and a relatively stable layer (200–500 cm). PLSR models
simulated SMC accurately in diverse soil layers at different scales; almost all values for variation in response (R2)
and goodness of prediction (Q2) were>0.5 and> 0.0975, respectively. Upper and lower layer SMCs were the
two most important factors that influenced diverse soil layers at three scales, and these SMC variables exhibited
the highest importance in projection (VIP) values. The 7-day antecedent precipitation and 7-day antecedent
potential evapotranspiration contributed significantly to SMC only at the 0–40 cm soil layer. VIP of soil prop-
erties, especially sand and silt content, which influenced SMC strongly, increased significantly after increasing
the measured scale. Mean annual precipitation and potential evapotranspiration also influenced SMC at the
regional scale significantly. Overall, this study indicated that dominant controls of SMC varied among three
spatial scales on the Loess Plateau, and VIP was a function of spatial scale and soil depth.

1. Introduction

Soil moisture dynamics is a significant variable that is related to a
series of hydrological and soil biochemistry processes and vegetation
growth (Istanbulluoglu and Bras, 2006; Turcu et al., 2005; Schwinning
et al., 2004). Characterizing soil moisture variations is important for
both theoretical and practical applications in arid and semiarid eco-
systems (Rodriguez-Iturbe and Porporato, 2005). However, soil
moisture exhibits high spatial and temporal variability. Hence, knowl-
edge of soil moisture and its spatiotemporal dynamics contributes sig-
nificantly to rational management of water resources and land prac-
tices, such as vegetation restoration projects on the Loess Plateau in
China (Gao et al., 2013).

A large number of environmental factors control soil moisture,
which results in variability of spatial and temporal distributions. These
factors include climate (Henninger et al., 1976; Famiglietti et al., 1998;
Zhu et al., 2014; Danelichen et al. 2016), soil properties (Hawley et al.,
1983; Wendroth et al., 1999; Cantón et al., 2004; Poltoradnev et al.,
2016), topography (Nyberg, 1996; Zhu and Lin, 2011), and land use
(Jawson and Niemann 2007; Zhao et al., 2011; Huang et al., 2016)
(Table 1). However, it is difficult to identify the relative significance of
these factors, due to their mutual and multiple influences on soil
moisture. Some influential factors exhibited interdependence at mul-
tiple spatial scales and at different soil depths (Zhao et al., 2011; Zhu
and Lin, 2011).

Soil moisture and its controlling factors vary at spatial scales from
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