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[1] Characterization of the space-time variability of soil
moisture is important for land surface and climate studies.
Here we develop an analytical model to investigate how, at
the dry-end of the soil moisture range, the main
characteristics of the soil moisture field (spatial mean and
variability, steady state distribution) depend on the
intermittent character of low intensity rain storms. Our
model is in good agreement with data from the recent
National Airborne Field Experiment (NAFE’06) held in the
semiarid Australian Murrumbidgee catchment. We find a
positive linear relationship between mean soil moisture
and its associated variability, and a strong dependency
of the temporal soil moisture distribution to the amount
and structure of precipitation. Citation: Teuling, A. J.,

R. Uijlenhoet, R. Hurkmans, O. Merlin, R. Panciera, J. P. Walker,

and P. A. Troch (2007), Dry-end surface soil moisture variability

during NAFE’06, Geophys. Res. Lett., 34, L17402, doi:10.1029/

2007GL031001.

1. Introduction

[2] The central role of soil moisture in the climate system
is nowadays widely recognized. Soil moisture directly
controls the water- and energy budgets at the land surface,
and may also affect the peristence of anomalous atmospher-
ic conditions. Global soil moisture monitoring, however, is
complicated due to large spatial and temporal variability of
soil moisture. Passive microwave remote sensing is among
the most promising techniques, but its applicability is
complicated by its shallow sensing depth (few cm) and
the coarse spatial resolution (tens of km) of space-borne
sensors (such as the upcoming Soil Moisture and Ocean
Salinity mission, SMOS). Methods to quantify the space-
time dynamics of the surface soil moisture field can lead to
improved sampling, retrieval, validation, and downscaling.
[3] Previous field experiments have shown that the

spatial variability of surface soil moisture may depend,
among other factors, on the spatial mean soil moisture
state. Reynolds [1970] has already hypothesized that due
to the effect of soil heterogeneity, spatial variability
increases during infiltration, and is minimum after dry-

down. Based on detailed observations along a hillslope
transect, Famiglietti et al. [1998] found that the spatial
mean and variance have identical behavior. Both peaked
after rainfall events, and decreased rapidly during dry-
down. While both studies reported a decrease in variability
with decreasing spatial mean soil moisture, opposite or
more complex relations have also been reported [e.g.,
Teuling and Troch, 2005; Teuling et al., 2007]. A theoret-
ical framework to analyze the changes in spatial variability
of root-zone soil moisture was presented by Albertson and
Montaldo [2003]. Here we apply this framework to study
surface layer soil moisture in the dry-end of the soil
moisture range. The model is a limited case of the more
comprehensive models utilized by Albertson and Montaldo
[2003] and Teuling and Troch [2005], and allows for full
analytical characterization of the spatial and temporal soil
moisture variability. The model is subsequently tested on a
unique, recently collected data set.

2. Data

[4] The 3-week long National Airborne Field Experi-
ment 2006 (NAFE’06) was undertaken in the Australian
Murrumbidgee catchment (Figure 1A) during October–
November 2006. The region experienced severe drought
conditions from 2001 onwards, and had no rainfall in
the five weeks preceding the campaign. In the Murray
Darling basin, 2006 was the third driest year on record.
Fortunately, during NAFE’06 there were several minor
rainfall events totaling �20 mm (Table 1, Figure 2A). The
objective of NAFE’06 was to provide data for SMOS soil
moisture retrieval, downscaling, and data assimilation (see
http://www.nafe.unimelb.edu.au). Ground observations of
surface soil moisture were made at 6 field sites in the 60 �
60 km Yanco region (35�S, 146�E, Figure 1B). At each
field, point soil moisture and precipitation were recorded
at 20 min resolution. Here we analyse soil moisture
variability in the non-irrigated fields Y2, Y7, and Y10,
which are all dry pastures used for grazing. The predom-
inant soil type is clay.
[5] Soil moisture observations were made by means

of the Hydraprobe Data Acquisition System [HDAS,
Panciera et al., 2006], which integrates a GPS and the
Vitel Hydra Probe1 [Seyfried and Murdock, 2004] in a
GIS environment. (The mention of product names does not
constitute an endorsement of this product.) HDAS made
it possible to rapidly monitor surface (0–5 cm) soil
moisture on a predefined grid within large field sites.
During NAFE’06, the different teams took a total of
16,937 HDAS readings. A maximum number of 3 separate
readings were taken at each sampling location in order to
get a representative point-scale value. HDAS observations
were calibrated against gravimetric measurements (taken
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