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Validation of parameters for the energy balance equation for the bioenergy feedstock
switchgrass

Statement of critical need:

Finding strategies to reduce evaporation rates is essential in Oklahoma where, due to the
semiarid climate, evaporative losses from the soil surface can reach approximately 50% of
available water (ex. rainfall, irrigation). However, the widely used micro-lysimetry method to
directly measure evaporation is difficult, tedious and time consuming. An accurate estimate of
evaporation under the potential bioenergy feedstock, switchgrass (Panicum virgatum), is needed
to improve land management practices in Oklahoma. Evaporation can be considered a loss from
the soil water balance as yield is not dependant on it, whereas water loss from transpiration is
necessary for plant growth. As cultivation of switchgrass expands due to the increasing demand
for bioenergy feedstock, in depth knowledge of its relationship to soil moisture is needed to
make informed decisions regarding valuable water resources. Municipal consumption and
irrigation demands are increasing, causing water resources to dwindle (stat). Modeling
techniques are widely used to accurately estimate evaporative losses from soil moisture; however
their accuracy for use under switchgrass has yet to be determined. Therefore, validation of the
parameters used in calculating the energy balance equation needs to be determined through
comparison with direct measurements of evaporation losses in an active switchgrass stand.
Lysimeters enable direct measurement of evaporative losses from the soil surface. Verifying the
accuracy of the various parameters of the energy balance equation for switchgrass will remove
the need for direct measurement in field.

Nature, scope and objective:

The long term goal for the team of collaborators representing various disciplines within
the Department of Plant and Soil Sciences is to provide unique learning opportunities to the
project participants in order to further knowledge and experience in methods relevant to the
study of Soil Physics in general and the surface energy balance in particular. The objective of
this proposal is to determine the accuracy of the parameters estimated for the energy balance
equation for use in modeling water loss due to evaporation under switchgrass by comparison
with direct measurement by microlysimeters. The central hypothesis of the proposed research is
that the parameters of the energy balance equation will provide a satisfactory estimate of water
loss due to evaporation within a stand of switchgrass, eliminating the need for microlysimeters.
The rationale for the proposed research is that accurate estimation of evaporative losses will
improve land management practices and crop selection in semi-arid climates utilized for
bioenergy feedstock production thereby increasing sustainability. The proposal team is well
prepared to succeed with this project due to success in modeling portions of the energy balance
equation for regions of Oklahoma utilizing the resources available from the Oklahoma Mesonet
as well as installation and monitoring of microlysimeters in field research.

The specific aims of this project are as follows:
Specific aim #1: Increase proficiency in application of the energy balance equation to
model evaporation from the soil surface. Information will be gathered from the Oklahoma
Mesonet website and in-field instruments which will provide data needed to calculate the various
parameters needed for the energy balance equation.

Specific aim #2: Determine the accuracy of estimated parameters used in the energy
balance equation to model evaporative losses from the soil in switchgrass plots. Direct
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measurements of evaporation beneath the canopy will be compared to the results garnered by the
energy balance equation.

Statement of Results or Benefits:

The proposed research project is unique as the amount of water lost to the atmosphere
due to evaporation from the soil surface has yet to be determined for switchgrass. At the
completion of this project is expected that participants will have an in depth understanding of the
energy balance equation and its broad applications. Participants will also have gained experience
in performing field techniques pertinent to Soil Physics research. This project will verify the
accuracy of the energy balance equation when estimating evaporative losses from the soil surface
beneath switchgrass. An accurate model of water losses due to soil evaporation will improve
water resource management for producers of switchgrass for bioenergy feedstock.

Related research and significance:

The proposed project will increase knowledge of calculation and direct measurement of
key parameters of the energy balance equation for the project participants, and will lead to
improved management decisions and water conservation strategies in Oklahoma. In addition,
participants will gain knowledge and experience in procedures common to the Soil Physics
discipline including but not limited to soil texture analysis, soil moisture content and soil
sampling.

The critical need to determine and accurately model evaporative losses in agricultural
lands is widely recognized. As outlined by Koplow (2006), bioenergy feedstocks are increasing
in popularity, with potentially substantial implications for land and water use. Furthermore,
accounting for the variability in evaporation when using micro-lysimeters may become one of
the most important considerations in direct measurements of evaporation therefore replications in
the field to determine accuracy are required (Daamen, 1993).

Factors that contribute to high evaporation include minimal rainfall, abundant sunshine,
low humidity, and periodic strong winds, all of which are characteristics of Oklahoma's semi-
arid climate (Guru et. al, 2000). These characteristics, along with increased irrigation in the high
plains have led to regions of the Ogallala aquifer, a vital water source for majority of the region,
running dry (Guru et. al, 2000). Therefore, it is increasingly important that land managers and
crop producers make informed decisions regarding crop selection to reduce evaporative losses
and limit the water required for irrigation of land. Switchgrass has already been determined to
have positive influences on water conservation due to the important attributes of high yield,
efficient use of water and nutrients, low agrochemical inputs, and positive influences on soil and
water conservation, additional knowledge of its effect on soil evaporative losses will enable
further improvements in cultivation techniques (Sanderson et. al, 1996).

Therefore, the proposed project is significant because it will lead to valuable experience
for the project participants as well as verifying the accuracy of the energy balance equation
when estimating evaporative losses from the soil surface beneath switchgrass.

Methods, procedures and facilities:
Specific aim #1
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The soil energy balance equation will be used to estimate evaporation:
0=Rn+ G+ Lx E +H

Where, Rn, is net radiation; G, is soil heat flux; L, is latent heat of vaporization; E, is evaporative
flux and H, is sensible heat flux.

Net radiation will be determined by calculating the net short wave radiation (Rns) and the net
long wave radiation (Rnl). A pyranometrer and a pyrgeometer will allow the team to measure the
Rns and Rnl respectively. Both sensors are expected to be placed in clear spots under the
switchgrass canopy by using metal arms and connected to a data logger (Decagon Devices, Inc.).

Soil heat flux will be calculated by using the following one dimensional soil heat flux equation:
G= -

The thermal conductivity is denoted by  (J s m™ K™) and vertical distance by z and
temperature by T. Thermal conductivity will be measured by using a heat pulse sensors for soil
thermal properties (KD2, Decagon Devices, Inc.). Temperatures are going to be measured at 2
and 4cm depths with thermocouples.

The latent heat of evaporation (L) is 2.44 x 10° J kg™ at 25 °C. The value of L is temperature
dependent (T, in °C):

L=2501-2370x103xT

Sensible heat flux is the transfer of heat away from or to the surface by conduction or
convection and is described by using the following formula:

Where, Rn, is net radiation; G, is the soil heat flux and B, is the Bowen ratio. The Bowen ratio
will be measured by using two Psychrometers placed at different heights. One instrument will be
located at 0.64h, where h is canopy height, and the other one will be at 1 meter above the first
one.

Soil texture will be measured according to the standard procedures of the hydrometer method,
field capacity will measured according to tempe cell standard method and wilting point
according to pressure plates standard method.

Specific aim #2

Micro-lysimeters are small tubes of Polyvinyl chloride (PVC) with a length of 15 cm, an
internal diameter of 7.47 cm and sharpened at one end. A high number of replications need to be
done to obtain reliable results. For this reason the team considers appropriate eight replications in
representative spots. Micro-lysimeters will be installed in the ground during wet conditions by
using a rubber mallet. Measuring actual evaporation will start 24 hours after a rainfall event. This
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IS due to soil shearing when installing micro-lysimeters, and a rainfall event will remove these
effects. Micro-lysimeters will be sealed at the bottom and weighed at 24, 48 and 72 hours after a
rainfall event. These weights will allow the proposal team to calculate actual evaporation. Micro-
lysimeters will be returned to the same location after being weighed.

Timeline and Budget:
Timeline

1-Oct 31-Oct
Presentation of the need and methodologies

Install and calibrate sensors -

Install Micro-lysimeters

Measuring actual evaporation

Lab work
Soil particle analysis

Fild capecity I

Wilting point

Validating the soil energy balance equation

Item Quantity | Cost/unit | Total
Pyranometer
(Apogee) 1 180 180
Pyrgeometer
(Apogee) 1 600 600
Psychrometer 2 50 100
Total $880
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