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TABLE 2
EVALUATION OF METRIC™ MODEL

Fluxes
(units) Year BREBS METRIC Slope RMSE Percentage error r?

Rs{
(W m2) 2005 849 841 0.989 12.9 L5 0.872
2006 807 829 1.030 17.9 2.2 0.957

Rs?
(W m2) 2005 117 148 1.268 15.5 13.2 0.825
2006 112 149 1.339 20.9 18.8 0.547

R1}
(W m2) 2005 417 373 0.889 27.0 6.5 0.210
2006 371 355 0.940 29.8 8.0 0.198

RIT
(W m2) 2005 523 474 0.871 49.7 9.5 0.594
2006 525 451 0.857 39.3 7.5 0.825

Rn
(Wm2) 2005 571 575 1.004 12.7 22 0.840
2006 529 530 1.002 27.6 52 0.683

G
(W m2) 2005 62 72 0.8991 9.4 15.0 0.667
2006 60 73 1.254 12.1 21.6 0.463
H

(W m2) 2005 122 130 0.886 46.5 38.2 0.393
2006 193 245 1.251 315 16.4 0.990

LE
(W m2) 2005 442 373 0.842 34.100 7.7 0.988
2006 280 212 0.845 36.818 13.2 0.982
ETrF 2005 0.88 0.818 0.912 0.060 6.8 0.882
2006 0.52 0.463 0.937 0.058 11.2 0.898

ETc
(mm d-1) 2005 5.690 5.857 1.057 0.348 43 0.918
2006 5.028 5.179 0.973 0.257 4.2 0.960

Notes: Instantaneous incoming shortwave (Rs]), outgoing shortwave (Rs?), incoming longwave (R1]), outgoing long wave (RI1)
radiation fluxes, net radiation (Rn), soil heat flux (G), sensible heat flux (H), and latent heat flux (LE) at the BREBS flux-tower foot-
print at South Central Agricultural Laboratory for 2005 and 2006. BREBS-measured and METRIC predicted average flux for each
year is also included. Statistics include slope of regression line (with intercept forced to zero), root mean square of error (RMSE),
percentage error (RMSE/mean flux), and r? of the regression line between BREBS-measured and METRIC™.-predicted values.
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reference ET (mm d''). All the climate variables were from
the BREBS except the ET,, which was calculated using
the standardized ASCE Penman-Monteith equation for
alfalfa following the procedures given in ASCE-EWRI
(2005) with the data from the HPRCC weather station
located near the study field. The partitioning of available
energy (R, — G) to latent heat (LE) calculation for each
satellite date is shown in the last column. If LEAR,, — G)
is greater than 1.0, this indicates advection on that day.
In this case H represents the movement of energy from
the air to the canopy so that LE can exceed R, — G. The
higher the number, the higher the contribution of advec-
tion. BREBS data indicated that there was strong advec-
tion on September 8, 2005 (LE/(R, — G) = 1.45) of the
Landsat overpass days, thus, heat was transferred to the
cropland area, creating additional energy to be used by
the crop to meet the high ET demand on that day. This
was expected since there was a large nonirrigated grass-
land area surrounding the experimental field at South
Central Agricultural Laboratory that acted as a source
for advective heat. Daily ET; in September and October
was the lowest among the satellite overpass dates for
both years (Table 1).

Table 2 shows estimates of instantaneous incoming
shortwave (Rg|), outgoing shortwave (Rs1), incoming
longwave (R;]) and outgoing longwave (R;1) radiation
fluxes, net radiation (R,), soil heat flux (G), sensible heat
flux (H), and latent heat flux (LE) at the BREBS flux-
tower footprint at South Central Agricultural Laboratory
for 2005 and 2006. Statistics include the RMSE, percent-
age error (RMSE/mean flux), and r? of the regression line
between BREBS-measured and METRIC™-estimated
values. The outgoing shortwave radiation (Rg1) was
calculated by multiplying albedo with Rg]. On average,
BREBS-measured Rt for the two-year dataset was 114
W m?2, indicating that approximately 14% of incoming
solar radiation (Rs]) was reflected back (R;1) to the atmo-
sphere (Table 2). METRIC™ estimated R, well for both
years. The statistics of R, values of our study are compa-
rable with those observed by other researchers (Crawford
and Duchon 1999; Diak et al. 2000; Jacobs et al. 2004;
Singh et al., 2008).

METRIC™ overestimated sensible heat flux (H) by
17% with a RMSE of 31.5 W m2 in 2006. The model
poorly estimated H for the September 8 image in 2005.
Poor estimation of H on this date was due to a recent
precipitation event. Precipitation occurring prior to
the Landsat image date created wet surface conditions
where LE was greater than zero for all potential hot pixel
candidates.

There was a good fit between METRIC™ estimated
and BREBS-measured ET,F for 2005 and 2006 as evi-
denced by high r? values (Table 2; Fig. 5). Both MET-
RIC™ and BREBS measurements demonstrated that
very high ETrF was obtained for the days that advection
occurred in the experimental field. The ETrF for the two
advective dates are shown inside circles on Figure 5. We
should note that BREBS-measured ET.F was calculated
by dividing daily values of BREBS-measured ET (mm) to
daily reference ET (ET,). However, METRIC values were
obtained by dividing instantaneous ET (ETin) to daily
ET,, and extended to the full day as a constant in order to
obtain daily ET for each satellite overpass date.

METRIC™ ET compared well with observations for
both years as evidenced by high r? and low RMSE values
(Fig. 6; Table 2). The RMSE was less than 0.5 mm on a
daily basis for both years. The lowest ET was measured
prior to harvest on October 13, 2006. The largest discrep-
ancy in ET was on this date, with 0.88 mm underesti-
mation by METRIC™. Overall, our validation analysis
results showed that METRIC™ performed well at the
field scale for estimating ET from a cornfield. Results
also showed that the daily ET estimates were much closer
to the measured ET than estimates of H and G fluxes to
measured H and G fluxes.

CONCLUSION

In Nebraska, surface water is regulated by the Ne-
braska Department of Natural Resources (NDNR) and
groundwater is regulated by the 23 Natural Resources
Districts (NRDs). According to NDNR, water demands
meet or exceed supply limits in many basins, and NDNR
has designated these basins as fully appropriated or over-
appropriated. The dilemma for management entities is
how to maintain profitable agricultural operations that are
dependent on irrigation water while protecting surface
water and groundwater resources to comply with water
compacts or basinwide water management goals. Ne-
braska is presently engaged in a water planning process
in which even small errors could have serious impacts
over the long term. If ET is over- or underestimated, some
river basins may be needlessly closed or mistakenly left
open to further development. Clearly, Nebraska has many
economic factors at stake in water planning and manage-
ment decisions. There is a need to develop scientifically
sound methods that provide reliable assessment of water
management policies.

The METRIC™ is a hybrid model that combines
remotely sensed energy balance via satellite data and
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Figure 5. BREBS-measured and METRIC™-estimated evaporative fraction (ETrF) at the BREBS flux-tower footprint at South Central
Agricultural Laboratory. The ETrF for the two advective dates are shown inside circles.
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Figure 6. BREBS-measured and METRIC™-estimated daily evapotranspiration (ET, mm d') at the BREBS flux-tower footprint at
South Central Agricultural Laboratory.
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ground-based evapotranspiration via in situ meteorologi-
cal measurements in order to determine evapotranspira-
tion. The application of the model gave an insight into the
spatiotemporal distribution of relative ET on a landscape
scale (170 x 183 km area). If calibrated properly, the
model could be a viable tool to estimate water use in
managed ecosystems in subhumid climates on a large
scale, and particularly to assess short- and long-term
water management, planning, and allocations. However,
there are a few constraints with application of the model
to create monthly and seasonal ET maps. Currently, a
number of efforts are being made at the University of
Nebraska—Lincoln to use METRIC™ in agricultural
water management. Some of the efforts include (1) cali-
brating model algorithms against measurements over dif-
ferent vegetation, climate, and water regimes in the Great
Plains; (2) testing submodels to estimate H, G, LAI, and
other variables under various land surfaces and develop-
ing improved algorithms (or localized calibration of the
model) if needed; (3) validating the model in the advective
conditions; (4) developing a GIS-based soil water model
to account for background evaporation; (5) automating
hot and cold pixel selection; and (6) comparing pixel-by-
pixel values with other remote sensing—based models.
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