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A combined energy balance and water balance remote sensing
evapotranspiration (ET) model is being evaluated for use in developing
variable rate irrigation (VRI) prescriptions for center pivots. The model
was tested for four maize and soybean fields in eastern Nebraska using
2013 Landsat 8 satellite imagery. Modeled ET compared well with eddy
covariance measurements for summer images, but poorly for fall
images. The water balance ET compared well with the energy balance
ET for irrigated fields, but not for dryland. Image frequency is thought
to be a contributing factor. In 2015 the model will be used to generate
irrigation prescription maps for a VRI system located in one of the study
fields. Unmanned aircraft aerial imagery will be used as the model
input to improve image frequency. Water use (calculated from neutron
probe readings) and yield under this VRI management technique will be
compared with those under traditional irrigation management.
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A hybrid remote sensing ET and water balance model is being tested
for use in variable rate, or site-specific irrigation management.
Preliminary results using satellite imagery compared well with
measurements for the mid summer image date, but poorly for three
other dates. Inaccuracies in modeled relationships early and late in the
season, errors in imagery atmospheric correction, and the low
frequency of cloud-free images are thought to be causes of the poor
performance. Future research will focus on using aerial imagery and
satellite imagery as inputs to improve the frequency of images. The
model will be used to generate VRI prescriptions for a research field
near Mead, Neb. in the 2015 and 2016 growing seasons.

Figure 7. Two-source energy balance model latent heat
flux for the four Landsat 8 image dates. Right field is
irrigated maize, left is irrigated soybean. Poor temporal
frequency of images is illustrated by the timeline.
Background aerial image is from USDA-NAIP 2014.
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Figure 6. Comparison of TSEB and water balance modeled
ET for three points. Water balance ET is prior to self
calibration for that date.

The model was tested using the four cloud-free
Landsat 8 images over maize and soybean research
fields at the University of Nebraska’s Agriculture
Research and Development Center (ARDC) near
Mead, Neb. The TSEB model performed well for Rn

(RMSE = 20 W m⁻²), but poorly for other fluxes (RMSE
= 88 to 126 W m⁻²), see Figure 4. The model
________

Reflectance-based crop
coefficients compared
well with time adjusted
FAO-56 crop coefficients
(Figure 5). The
magnitude of model self
calibration is illustrated
for three points in Figure

Figure 4. Comparison of TSEB modeled energy fluxes with
eddy covariance fluxes for all four image dates, solid
symbols are for 7/21/2013, and the solid line is unity.

performed best for
July 21, 2013. The
poor performance
for June 3 may be
an artifact of
imagery atmosph-
eric corrections.
The model may be
poorly parameter-
rized for the late
season and sene-
scence.

6. The model req-
uired the most adju-
stment for the dry-
land maize. Image
frequency is a prob-
able cause of the
magnitude of the
adjustments. Figure
7 is a timeline of
TSEB LE for the

Irrigated maize and soybean fields illustrating the gaps
in available imagery and variability in ET.

Figure 8. Soil mapping and aerial imagery from unmanned
aircraft will be used to provide data input into the hybrid
model for VRI management in 2015 and 2016. Aircraft
image from nuaire.unl.edu.

Figure 9. The model will be implemented using a center
pivot with individual nozzle control in a research field at
the University of Nebraska’s ARDC facility near Mead,
Neb. Image at right courtesy of T. Lo.

The model will be implemented to
manage irrigation in an 130 acre
research field at the ARDC facility.
The research field is planted to half
maize – half soybeans. Unmanned
aircraft from the University of
Nebraska’s NU-AIRE program
(nuaire.unl.edu) will be used to
collect multispectral imagery for the
model. Management zones will be
delineated within the field and
treatments of VRI and conventional
irrigation will be imposed within the

Variable rate irrigation (VRI) technology enables water users to apply
varying rates of water to zones throughout a single field. Determining
irrigation requirements (or prescriptions) at these small spatial scales is
a critical step in assessing the benefits of VRI. A hybrid remote sensing
evapotranspiration (ET) model (Neale et al. 2012) is being evaluated for
use in developing VRI prescriptions. The model is a water balance (WB)
model coupled with a thermal-infrared-based two-source energy
balance (TSEB) model (Norman et al. 1995) (Figure 1). The WB model
uses reference ET and vegetation index based crop coefficients (Kcbrf)
(Neale et al. 1989) to run a spatial soil water balance (Figure 2).
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ET = LE = Rn - G + H

Figure 1. Simplified surface energy balance applied to
plants and soil separately in the TSEB.

Dr, i = Dr, i-1 − (P − RO)i − Ii − CRi + ET, i + DPi

Figure 2. Simplified water balance, where CR, and RO are
assumed to be zero and i is the present time step.

A depiction of the model
implementation is shown in
Figure 3. On Image dates ET
is found by both methods.
The WB is updated daily
between images. On image
dates Kcbrf-WB-ET is rec-
onciled with TSEB-ET, which
is considered to be more
accurate.

Figure 3. Representation of the hybrid model operation for VRI
prescription development.

zones. The model performance will 
be evaluated in terms of the 
accuracy of the hybrid model’s 
calibrated  water balance over time, 
total crop water use (from neutron 
probe measurements), and yield as 
compared with conventional 
irrigation management. 

Figure 5. Plot of SETMI modeled Kcbrf with a typical
Kcb curve following FAO-56 (Allen et al. 1998) for
flux tower locations in irrigated maize and
soybeans.


