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1. INTRODUCTION

The need for accurate and robust
measurements of soil water content has grown as
numerical weather models have increasingly
incorporated soil moisture variables into simulations
of land-atmosphere interactions. To meet this need,
measurements of soil moisture have been collected
since 1996 by the Oklahoma Mesonet (McPherson et
al. 2007). Currently, automated soil moisture sensors
are installed at over 100 of the Mesonet sites at
depths of 5, 25, and 60 cm. From the output of the
sensors, observations of variables such as soil matric
potential (MP), fractional water index (FWI; Fig. 1),
and volumetric water content (WC) are calculated.

During the summer of 2007, soil cores were
manually extracted from over 20 Mesonet locations at
various intervals. Each sampled location was chosen
specifically for its soil texture classification. The sall
cores were divided into 5 cm increments from the
surface to a depth of 30 cm, and 10 cm increments
from 30 to 60 cm. From these cores, the volumetric
water content of the cores was determined and
compared to the values reported by the automated
sensors at the Mesonet sites. A similar dataset
collected during the 2003 Soil Moisture Experiment
(SMEX) was also included in the analysis.

The goal of this project was to determine the
correlations between the WC calculated from
Mesonet observations and the manually obtained
WC. Once fully determined, these correlations will be
used to find a more practical and accurate method for
automated calculation of WC across the Mesonet.
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Figure 1. Fractional Water Index across Oklahoma on
July 11, 2007 at a depth of 25 cm. The blue areas
indicate extremely wet soil.

2. DATA AND METHODS

To obtain a data set of manually determined
WC, Mesonet employees visited numerous Mesonet
locations multiple times to extract soil cores. Using an
auger, soil cores were taken from each side of a
Mesonet site for redundancy (Fig. 2). Each Mesonet
site has four sides oriented North, East, South, and
West. The first core removed on each side spanned a
depth of 30 cm and was cut into 5 cm sections (0-5
cm, 5-10 cm, etc . . .). The second spanned a depth
of 60 cm and was cut into 10 cm sections (30-40 cm,
40-50 cm, 50-60 cm). Each section of each core was
placed into a small metal can and sealed with
electrical tape to ensure a minimum loss of water from
the sample during transport and processing back at
the OCS laboratory. There were 9 cans used for each
side of the Mesonet site, 6 for the first core to 30 cm,
and 3 for the second core to 60 cm. Thus, 36 cans
were collected during each visit to a Mesonet site.
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Figure 2. A Mesonet researcher obains a soil core
on the East side of the ACME Mesonet site.



In the laboratory, the cans were unsealed
and placed on an electronic mass balance to find the
total mass of the sample. With the lids removed, the
cans were then placed inside an industrial oven for a
period of no less then 72 continuous hours at a
constant temperature of 120 °C. This insured that all
water within the cores was fully evaporated before the
cans were removed from the oven. Once cooled and
with the lids replaced, the cans were measured again
on the mass balance. The change in mass due to
baking the cores was the mass of water in the
sample. The mass of each can without a soil sample
was also found on the mass balance.

Over 1600 soil cores were collected during
May, June, July, and early August of 2007 for
inclusion in the analysis. Surveys to more than 22
Mesonet locations across Oklahoma ensured that 8
different soil textures were included in the analysis.

The incorporation of soil core data collected
during the 2003 SMEX greatly enhanced the scope of
the project by adding 1300 more cores taken from
over 30 Mesonet sites. The cores from 2003 also
better reflected overall drier conditions across
Oklahoma.

3. ANALYSIS
a. Field Samples

Two separate techniques were employed to
determine WC for this project. The first technique
calculated WC from the soil core data using several
simple relationships and conversion factors. The
Mesonet calculated WC from the automated sensor’s
observations using the equation for matric potential
and another equation employing site and depth-
specific coefficients based on the percentage of clay,
silt, and loam found in the soil (lliston et al. 2008).

WC from the manually acquired data was
calculated as follows:
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The first term of the equation had already
been determined by direct measurement in the
laboratory. The inverse density of water is the second
term of the equation. The third term of the equation is
the density of the soil sample itself. Unfortunately, the
third term introduced error into the calculation of WC
from the soil cores. Unfortunately, not every soil core
yielded the exact shape of a cylinder. Human error,
holes in the ground from animals or other causes, and
soil compaction all contributed to a lack of cylindrical
shape for some of the soil cores. In an effort to reduce
this error, the third term of the equation was
designated the mean bulk density, where all the
masses of all the cores at a particular site and depth

were averaged and divided by the ideal volume of the
soil sample. The ideal volume was found using the
formula for the volume of a cylinder, the radius of the
auger, and the height of the core (either 5 cm or 10
cm). Thus, via equation (1), the guwater terms in the
equation cancel, as do the gsei terms, leaving
cmwater/cmsoil. This is the volumetric water content of
the soil sample.

b. Automated Measurements

The soil moisture sensors installed at
Oklahoma Mesonet sites do not directly measure WC.
Rather, they measure the ATt value which is a
variable that determines the temperature change in a
porous ceramic matrix after the matrix has been
heated for a specific period of time (lllston et al.
2008). A large ATt indicates a lack of moisture in the
soil around the sensor, whereas a small ATf points to
the presence of a large amount of moisture in the soil.
The theoretical minimum and maximum values of
ATer are 1.38 °C and 3.98 °C, respectively.

The Mesonet then calculates the soil matric
potential of the soil using the ATef measurement. Soll
matric potential is defined as the capillary force
needed to retain water in the soil (Dingman 1994). It
has units of kilopascals. MP is found with the
following equation:
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where c is a calibration constant equal to 0.717 kPa
and a is a calibration constant equal to 1.788 °oct
(lliston et al. 2008).

With MP calculated, the Mesonet uses an
additional equation to compute WC. Each of the four
coefficients in the following equation is site and depth
specific. Thus, hundreds of different relationships
exist for calculating WC by the Oklahoma Mesonet.
The form of the equation is:

WCs -WC:
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where WC; is the residual water content of a soll
sample (€M waer/cm’soi ), WCs is the saturated water
content of a soil sample (cM>yael/cm’s0it), @ is an
empirical constant (kPa'l), n is an empirical constant
(unitless), and MP is the matric potential of the soil
sample found bg/ (2; Arya and Paris 1981). AWC
value of 0.0 cm°water/cMsoi would indicate a
completely dry soil sample, whereas a WC value of
0.5 cm®ater/cmsoi would refer to a saturated soil
sample.



4. RESULTS

With all data gathered and analysis
completed, correlations were drawn between the WC
found by the manual method and the method the
Mesonet uses to calculate WC.

Ideally, a perfect correlation between the
manual and automated WC should exist (Fig.3), with
an R-squared correlation coefficient of 1. However, for
most of the soil types the correlations were not this
strong. The loam soil type was fairly representative of
most of the other soil types in the correlation between
automated WC and manual WC (Fig. 4). WC values
range from 0.0 to 0.5 on both axes, and an R-squared
value of 0.6115 indicates a moderate degree of
correlation. In the lower left portion of the graph
automated WC was consistently higher than manual
WC,; conversely, in the upper right portion of the
graph automated WC was less than the reported
manual WC. This problem was also seen in the sandy
clay loam soil type (Fig. 5). Automated WC was
higher than manual WC for dry soil samples and
lower than manual WC for wet samples. With an R-
squared correlation of 0.4756, the sandy clay loam
WC had a lesser degree of association than the loam
soil. This problem was most clearly demonstrated with
the loamy sand soil type (Fig. 6). With a correlation
coefficient of only 0.1016, the automated WC and
manual WC had very little relationship to each other.

Automated WC vs Manual WC

x

T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Manual WC (cm3/cm3)

Figure 3. The ideal correlation between the Mesonet
WC and the manually determined WC.

The relationships between all automated WC
and manual WC for every soil type were not
particularly well linked (Fig. 7). The R-squared value
of 0.4621 indicates only a limited degree of correlation
between the two sampling techniques. The automated
WC generally had values 0.05-0.15 cm*/cm? higher
than manually reported WC for dry soil samples. The
opposite was true for wet soil samples.
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Figure 4. Correlation between automated WC and
manual WC for loam soil.
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Figure 5. Another comparison of WC, this time for
sandy clay loam soil.
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Figure 6. The correlation between automated WC
and manual WC is practically nonexistent for the
loamy sand soil type.



Automated WC vs Manual WC (All Samples, All Soil Types)
y = 0.4189x + 0.1674
R? = 0.4621

o
N
S

@

Automated WC (cm3/cm3)
o
N
]

oS O <
R
5]

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Averaged Manual WC (cm3/cm3)

Figure 7. A plot of every manual value of WC
matched against corresponding WC values calculated
by the Mesonet.

One of the goals of this project was to
improve the accuracy of automated WC calculations
of the Oklahoma Mesonet. To this end, volumetric
water content retention curves were found for each
soil type. Initial results concerning these curves look
promising, especially for sandy loam (Fig. 8). On the
y-axis manual WC is plotted and on the x-axis ATef iS
plotted. The result is a plot of the relationship between
manually obtained WC and the AT measurement
found by the Mesonet. This curve has a fairly strong
correlation with R? = 0.7232.

This curve, along with the other WC
retention curves for the remaining soil types, may
eventually replace the current method of calculating
W(C for the Mesonet. The current method for
calculating water content, as described in the
previous section, is somewhat complicated and site
and depth specific. Furthermore, several of the terms
used in the calculation of WC by the Mesonet are
subject to change during extremely wet conditions
and extended droughts. By using only one water
retention curve per soil type rather than hundreds, the
calculation of WC would be simplified and much less
labor intensive. However, additional modification and
analysis of these retention curves is necessary before
such a change could occur.

5. SUMMARY AND CONCLUSIONS

During the summers of 2003 and 2007 soil
cores were manually extracted from numerous
Mesonet sites to determine the correlations between
the automated calculation of volumetric water content
by the Oklahoma Mesonet and the water content
found from the manual extraction of the soil cores.
Analysis found that the correlations were limited for
most of the soil types. The calculated values of WC
by the Mesonet was usually higher than the manual
WC values for dry samples and considerably lower
than the manual WC for extremely wet soil samples.
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Figure 8. The relationship between the manual
samples of WC and AT Observed at Mesonet sites
for sandy loam soils.

Additionally, the comparison between the
observed values of ATt and the manual soil samples
revealed overall direct relationships based solely on
soil type. Such retention curves could be used to
improve the accuracy and ease of the automated
calculation of WC for all soil types of the Oklahoma
Mesonet in the future.
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