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It is well known that soil evaporation rates follow a three-stage process (Feddes 1971;
Idso et al. 1974). During stage-1 evaporation, the evaporation rate is only limited by
the amount of energy available to vaporize soil moisture in the upper layer of the soil,
and it is similar to evaporation from a surface of free water. This phase ends when the
soil moisture content in the upper layer decreases and the soil matric potential reaches
a critic value. During stage-2, evaporation rates are limited by the lack of water in the
upper soil layer and by soil hydraulic properties that determine the transfer of liquid
and vaporized water to the surface. In this stage, the flux of water moves in the liquid
and vapor forms. Stage-2 ends when there is minimal liquid water movement with
only vapor flux through the soil pores. Stage-3 is determined mainly by soil physical
and adsorbing characteristics. In stage-3, the evaporation rate is negligible.

Ritchie (1972) reported that in stage-2 the evaporation rate decreases as a function of
the square root of time after wetting. However, both Stroonsnjider (1987) and Gallardo
et al. (1996) found a good relationship between cumulative bare soil evaporation and
cumulative reference evapotranspiration (CETo), whereCETo is the sum of daily ref-
erence evapotranspiration (ETo) rates for short canopies (ASCE-EWRI 2004). Like in
the model of Ritchie (1972), soil evaporation is described as a two-stage process where
a soil hydraulic factor (β) determines the point where the evaporation rate changes
from stage-1 to stage-2. The hydraulic factor is determined using the soil evapora-
tion (Es) by plotting cumulative soil evaporation (CEs) versus the square root of the
maximum possible cumulative soil evaporation (CEx). WhenEs is not limited by soil



hydraulic factors (i.e., stage-1), the cumulative soil evaporation is calculated as:

CEs = CEx = Kx × CETo

This equation is used when
√

CEx < β. During stage 2, when
√

CEx ≥ β, the
cumulative soil evaporation is calculated as:

CEs = β
√

CEx

to estimate soil evaporation rates with time after wetting. Using fieldCEs measure-
ments andCEx estimates, a regression ofCEs versus

√
CEx is used to determineβu

For x-axis values of
√

CEx ≥ β, a plot of CEs versus
√

CEx gives a linear rela-
tionship through the origin with slope equal toβ. Therefore, using hourly data, the
minimum value for

√
CEx is increased until the slope of the regression line first ex-

ceeds the selected minimum value for
√

CEx. The change in slope from before and
after

√
CEx = β is clearly evident from a plot ofCEs versus

√
CEx.

Here a method is presented that uses continuous soil moisture measurements and
hourly reference evapotranspiration data to estimate the soil hydraulic factor (βp) for
modeling soil evaporation. A previously developed and tested method to determineβ
(Snyder et al., 2000) uses an energy balance approach with sensible heat flux density
estimated using the surface renewal method to obtain the continuous soil evaporation.
A new method is presented, which uses a hydroprobe soil moisture measuring device
to estimate the continuous soil evaporation. The estimation of evaporation with soil
moisture sensors was simpler and less expensive when compared to the energy bal-
ance technique. The methods, evaluated in two field experiments, showed good agree-
ment with evaporation data. The soil evaporation model was used withβ from both
methods and the results were similar for experiments conducted in two locations (i.e. a
difference of 0.4 % and 2.6 % for the two sites). A comparison between modeled and
measured daily soil evaporation using theβ hydraulic factor from either the energy
balance or soil moisture monitoring methods gave a RMSE = 0.6 mm d−1. Compar-
ing the measured daily soil moisture and energy balance estimates of soil evaporation
gave a RMSE = 1.3 mm d−1. The error in the soil moisture method was higher, but
the greater error was offset by the relatively simple and less expensive soil-moisture
method.
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