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Characterizing the spatial patterns of soil moisture is critical for hydrological and meteorological models, as soil
moisture is a key variable that controls matter and energy fluxes and soil-vegetation-atmosphere exchange pro-
cesses. Deriving detailed process understanding at the hillslope scale is not trivial, because of the temporal vari-
ability of local soil moisture dynamics. Nevertheless, it remains a challenge to provide adequate information on
the temporal variability of soil moisture and its controlling factors. Recent advances in wireless sensor technology
allow monitoring of soil moisture dynamics with high temporal resolution at varying scales. In addition, mobile
geophysical methods such as electromagnetic induction (EMI) have been widely used for mapping soil water con-
tent at the field scale with high spatial resolution, as being related to soil apparent electrical conductivity (ECa).
The objective of this study was to characterize the spatial and temporal pattern of soil moisture at the hillslope scale
and to infer the controlling hydrological processes, integrating well established and innovative sensing techniques,
as well as new statistical methods. We combined soil hydrological and pedological expertise with geophysical
measurements and methods from digital soil mapping for designing a wireless soil moisture monitoring network.
For a hillslope site within the Schäfertal catchment (Central Germany), soil water dynamics were observed during
14 months, and soil ECa was mapped on seven occasions whithin this period of time using an EM38-DD device.
Using the Spearman rank correlation coefficient, we described the temporal persistence of a dry and a wet char-
acteristic state of soil moisture as well as the switching mechanisms, inferring the local properties that control the
observed spatial patterns and the hydrological processes driving the transitions. Based on this, we evaluated the
use of EMI for mapping the spatial pattern of soil moisture under different hydrologic conditions and the factors
controlling the temporal variability of the ECa-soil moisture relationship. The approach provided valuable insight
into the time-varying contribution of local and nonlocal factors to the characteristic spatial patterns of soil moisture
and the transition mechanisms. The spatial organization of soil moisture was controlled by different processes in
different soil horizons, and the topsoil’s moisture did not mirror processes that take place within the soil profile.
Results show that, for the Schäfertal hillslope site which is presumed to be representative for non-intensively man-
aged soils with moderate clay content, local soil properties (e.g., soil texture and porosity) are the major control on
the spatial pattern of ECa. In contrast, the ECa-soil moisture relationship is small and varies over time indicating
that ECa is not a good proxy for soil moisture estimation at the investigated site.Occasionally observed stronger
correlations between ECa and soil moisture may be explained by background dependencies of ECa to other state
variables such as pore water electrical conductivity. The results will help to improve conceptual understanding for
hydrological model studies at similar or smaller scales, and to transfer observation concepts and process under-
standing to larger or less instrumented sites, as well as to constrain the use of EMI-based ECa data for hydrological
applications.


