SOIL MOISTURE SENSORS—HOW MANY DO YOU NEED?

Contributors

The number of soil moisture sensors installed at a research site can make the
difference between proving a hypothesis or missing it entirely. How many sensors
will produce the most complete soil moisture picture? No single answer captures all
scenarios. Study objectives, accuracy requirements, scale, and site-specific
characteristics all influence the number of sensors required. In addition, soil moisture
is variable both spatially and temporally. Understanding the driving forces of this
variability gives researchers insight into how to go about sampling.

UNDERSTANDING VARIABILITY CAN BE DIFFICULT
Within the area of a study site, soil moisture variability arises from differences in soil
texture, amount and type of vegetation cover, topography, precipitation and other
weather factors, management practices, and soil hydraulic properties (how fast
water moves through the soil). Researchers should consider the variability in
landscape features to get a sense of how many sample locations are necessary to
capture the diversity in soil moisture.
Soil water content can vary over time as well, changing with precipitation, drought,
irrigation, and evapotranspiration, and in predictable patterns associated with
seasonal weather and the diversity of vegetation (Wilson et al., 2004). While this is
an easy concept to grasp, it becomes more complex when considering the variability
that arises from the interaction between temporal and spatial dynamics.

SOIL MOISTURE DATA OFTEN CHALLENGE ASSUMPTIONS
The following examples use simulated data to illustrate the effects of spatial and
temporal differences on soil moisture content. In the first example, soil moisture
content is simulated for the same study site under wet and dry conditions and
calculated the probability density functions (PDFs). This example demonstrates that

the parameters describing the soil moisture PDFs are not static, but instead change
through time depending on soil moisture conditions.

Figure 1. Probability density function (PDF) of soil moisture content from the same
field under dry (dark blue) and wet (light blue) conditions

In the second example, soil water content is simulated for a single point in time when
conditions were neither wet nor dry. The resulting PDF indicates that there is more
than one “population” of soil moisture content within the study site (Figure 2). This
could be caused by several factors. It may be that there are areas with different soil
textures (e.g., drier sandy and wetter silt loam areas), that the study area includes
low-lying topography and adjacent hillslopes, or that the study area has varying
types of vegetation cover.

Figure 2. PDF for a snapshot in time at a location that has a heterogeneous landscape

The two simple examples above demonstrate the complex nature of soil moisture
across time and space. Both examples suggest that an assumption of normality may
not always be valid when working with soil water content in field conditions (Brocca
et al., 2007; Vereecken et al., 2014).

HOW MANY SOIL MOISTURE SENSORS? IT DEPENDS.
If the objective is to determine the “true” mean soil water content for a study area,
then the sampling scheme needs to account for the sources of variability described
above. If the study area has hills and valleys, diverse types of canopy cover, and
seasonal variations in precipitation, then sensors should be located in areas that
represent the major sources of heterogeneity. If instead, the study site is fairly
homogenous or the researcher is only interested in the temporal pattern of soil water
content (e.g., for irrigation scheduling), then fewer soil moisture sensors may be
required due to temporal autocorrelation in the data (Brocca et al. 2010; Loescher et
al., 2014).

IN-SITU, CONTINUOUS MEASUREMENTS PROVIDE A SUPERIOR
UNDERSTANDING OF SOIL WATER CONTENT
Soil water content is highly dynamic in time and space. It is labor intensive and
difficult to capture all of these dynamics using spot sampling, although some
researchers do choose to go this route. Like so many other areas of environmental
science, some of the deepest insights into soil moisture behavior are emerging from
studies using networks of in-situ sensors (Bogena et al., 2010; Brocca et al., 2010).
For most applications, the use of in-situ, continuous measurements will provide you
with a superior understanding of soil water content.

CHARACTERIZE MORE VARIABILITY WITH OUR NEWEST
SENSOR LINE
Watch the video here.

MASTER THE BASICS OF SOIL MOISTURE
Soil moisture is more than just knowing the amount of water in soil. Learn basic
principles you need to know before deciding how to measure it. In this 20-minute
webinar, discover:
- Why soil moisture is more than just an amount
- Water content: what it is, how it’s measured, and why you need it
- Water potential: what it is, how it’s different from water content, and why you need it
- Whether you should measure water content, water potential, or both
- Which sensors measure each type of parameter

GET THE COMPLETE PICTURE
Everything you need to know about measuring soil moisture—all in one place.
Download the “Researcher’s complete guide to soil moisture”
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TAKE OUR SOIL MOISTURE MASTER CLASS
Six short videos teach you everything you need to know about soil water content and
soil water potential—and why you should measure them together. Plus, master the
basics of soil hydraulic conductivity.
Watch now
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