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Introduction

While freshwater is renewable, water resource depletion
is occurring considerably more quickly than expected.
With population growth and socioeconomic development,
global water consumption has increased nearly sevenfold
in the last century (Gleick, 2000), impacting the long-
term sustainability of agriculture. The agriculture sector,
the largest water user, accounts for over two-thirds of
withdrawals. Therefore, precise irrigation is vital in arid
regions where agriculture uses a significant share of water
resources. Crop evapotranspiration (ETc) accounts for
most of irrigation water use, especially in dry climates.
Thus, accurate ETc estimation is important. Different
methods are used to estimate ETc, such as lysimeters,
Bowen ratio, surface renewal, and eddy covariance (EC),
but they are costly and require expertise (Elsadek et
al., 2025). Remote sensing models can also be used to
estimate ETc, but their applications are limited by cost,
expertise, and computational requirements (Volk et al.,
2024). Recently, the OpenET platform has been developed
to offer free, high-resolution ET data suitable for US
irrigation management. The LI-710 sensor (LI-COR Inc.,
Lincoln, Nebraska, USA) was also presented as a lower-
cost, user-friendly alternative to EC systems, providing
continuous ETc measurements with less maintenance.
Limited studies evaluated OpenET for irrigated alfalfa
in Arizona; however, no cited studies evaluated OpenET
or LI-710 for late-planted cotton in Arizona (Attalah et
al., 2025, 2024). The following guide leverages a field
study that cross-validates cotton ET from OpenET and
LI-710 against soil water balance (SWB) estimates in Gila
Bend, Arizona, aiming to identify the best technique for
estimating cotton ET for irrigation management under
arid conditions.

OpenET: Description and Data
Acquisition

The LI-710 includes an ET sensor and an IoE Module
(Figure 1). The sensor measures water vapor from

evaporation and transpiration, providing data every
30 minutes. It connects via a cable to the Internet of
Environment (IoE) Module, which supplies power,
transmits data to the LI-COR Cloud, and allows remote
access. The IoE Module may include a cellular plan, backup
datalogging, a charge controller, optional solar and battery
power supply, along with a mounting structure and
enclosure. Paired with the IoE Module, the LI-710 acts as a
water node on the LI-COR Cloud, enabling ET monitoring
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Figure 1. Components of the LI-710 device.



across multiple locations with automatic GPS updates. The
LI-710 uses eddy covariance calculations, combining wind
speed and humidity measurements to estimate ET from
the surrounding area, called the “fetch footprint,” typically
50-100 times the sensor's height. Proper placement ensures
the footprint covers a uniform area or the upwind region
for the measured crop. More details are at https:/ / www.
licor.com/support/LI-710/ manuals.html, accessed on
December 6, 2025.

Evaluation of Techniques for
Estimating Cotton ET

A field study was conducted from June to October 2025 in
Gila Bend, Arizona, USA, to evaluate the performance of the
OpenET models (ALEXI/DisALEXI, eeMETRIC, geeSEBAL,
PT-JPL, SIMS, and SSEBop), their Ensemble, and the LI-710
(LI-COR Inc., Lincoln, Nebraska, USA) in simulating cotton
evapotranspiration (ET) compared to the more conventional
soil water balance (SWB) method. The SWB approach
estimate crop water use by keeping track of rainfall, irrigation,
soil moisture, runoff, and other water losses. Four statistical
evaluation metrics, the normalized root-mean-squared error
(NRMSE), mean bias error (MBE), simulation error (S,), and
coefficient of determination (R?), were employed to evaluate
the performance of OpenET models, their Ensemble, and the
LI-710 in estimating cotton ET. In general, OpenET models

and their Ensemble approach were linearly correlated to soil
) with a

water balance-derived evapotranspiration (ET,,
coefficient of determination (R?) > 0.57.

Statistical analysis indicated that the ALEXI/DisALEXI,
geeSEBAL, and PT-JPL models substantially underestimated
ETSWB, with simulation errors ranging from -26.92% to
-20.57%. The eeMETRIC, SIMS, SSEBop, and Ensemble
provided acceptable ET estimates (22.57% < NRMSE <
29.85%, -0.36 mm. day-1 < MBE <-0.16 mm. day-1, -7.58% < Se
<3.42%,0.57 <R2 < 0.74). Meanwhile, LI-710 simulated cotton
ET acceptably with a slight tendency to overestimate daily ET
by 0.21 mm in early September. A strong positive correlation
was observed between daily ETSIM from LI-710 and ETSWB,
with Se and NRMSE of 4.40% and 23.68%, respectively.

Conclusion

Our results showed that, with the exception of the SIMS
model, all OpenET models and the Ensemble underestimated
actual cotton evapotranspiration (ET), with errors ranging
from acceptable to poor. The PT-JPL, ALEXI/DisALEXI, and
geeSEBAL models consistently underestimated crop ET and
were considered unreliable for early planted cotton, while
eeMETRIC, SIMS, SSEBop, and Ensemble performed within
acceptable ranges based on statistical metrics. LI-710 slightly
overestimated ET but provided reliable measurements by
capturing spatial variability caused by microclimate and soil
texture differences.
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Figure 2. Average biases in simulated daily cotton evapotranspiration (ETy,,)

by six OpenET models, their Ensemble, and LI-710 during 2025 in Gila Bend,

Arizona, USA. The blue dashed line represents the average soil water balance ET (ET,). The cross and line within the box mark the average and median

ET,,, respectively, and whiskers above and below the box indicate the maximum and minimum ET,

Sim?
determination (R?).
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Figure 3. Cumulative cotton evapotranspiration derived from soil water balance method (ET
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These findings highlight the limitations of OpenET models
under arid and semi-arid conditions, specifically for late-
planted cotton. Key sources of uncertainty include soil
background effects on reflectance and surface temperature,
cloud cover, and management practices that can further
change soil conditions. Together, these limitations highlight
the need to supplement OpenET estimates with ground-
based measurements and apply local calibration to improve
ET estimates for late-planted crops in Arizona.

Despite the limitations of OpenET models and some
maintenance challenges of the LI-710, our findings highlight
the great potential of using an OpenET model, such as
eeMETRIC, SIMS, and SSEBop, the Ensemble, as well as the
LI-710 sensor for efficient irrigation management of late-
planted cotton in arid and semi-arid regions, like Arizona.
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