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Abstract

In a recent study published in Agricultural and Forest Meteorology, Golkar and de Oliveira
(2026) reported systematic overestimation of evapotranspiration (ET) by OpenET across US
climate zones and substantial improvements through machine learning bias correction. Here, we
identify substantial inconsistencies in their eddy covariance (EC) reference data that challenge
these conclusions. We first identified unusually low daily mean observed ET relative to
previously reported values at the same AmeriFlux sites that is traceable to numerous zero-valued
observations in their comparison scatterplot, and extended periods of exactly zero observed ET
in their time series. These inconsistencies led us to hypothesize that missing latent heat flux
observations were treated as zero, systematically lowering the reference EC ET measurements.
Our independent reconstruction of daily ET from the original AmeriFlux datasets reproduced the
reported site-mean ET within 0.04 mm d™' at 20 of 22 sites when missing observations were
treated as zero, providing compelling quantitative evidence that missing data were effectively
incorporated as zero ET in the original analysis. We further find that the reported ET statistics are
reproducible only when omitting the energy balance correction described in the original study.
These inconsistencies substantially inflate apparent OpenET overestimation and call into
question the reported effectiveness of the proposed bias correction. Consequently, the study's
conclusions regarding seasonal and climate-dependent correction mechanisms likely largely
reflect artifacts in the reference observations rather than reflecting deficiencies in OpenET. Our
findings demonstrate that errors in processing observational reference data can fundamentally
alter the evaluation of satellite ET performance, underscoring the importance of rigorous quality
control and reproducible analysis to distinguish genuine model biases from observational
artifacts and reliably assess the effectiveness of proposed ML corrections.

Keywords: evapotranspiration; eddy covariance; energy balance closure; quality control;
OpenET; machine learning
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1. Introduction

Golkar and de Oliveira (2026), hereafter GO26, evaluated OpenET (Melton et al., 2022) against
eddy covariance (EC) observations at 22 AmeriFlux sites across the United States. They reported
systematic OpenET overestimation across climate zones and substantial improvements through
machine-learning (ML) bias correction using XGBoost (Chen & Guestrin, 2016). However, we
identified substantial inconsistencies in their reference EC ET observations that raise concerns
about the validity of these conclusions.

Three observations initially motivated our investigation: (1) mean observed ET reported in
GO26's Table 1 was substantially lower than previously published values at several of the same
AmeriFlux sites (Volk et al., 2024); (2) their Figure 2a contained numerous observations with
exactly zero ET, even when their XGBoost-corrected predictions reached about 4 mm d*; and
(3) their Figure S2 showed extended periods of exactly zero observed ET at US-UT]J site,
including during the growing season. These patterns suggested that missing EC observations
may have been treated as zero ET rather than excluded or otherwise appropriately handled as
missing values.

We therefore reconstructed the reference EC ET observations from the original AmeriFlux
datasets and examined the consequences for the reported OpenET biases and ML correction
performance.

2. Reconstruction of reference EC ET and identification of missing data artifacts

We downloaded the AmeriFlux BASE datasets (Chu et al., 2023) corresponding to the 22 sites
and study periods reported by GO26 (Bednarz, 2026; Bernacchi, 2025; Bernacchi et al., 2025;
Biraud et al., 2026; Davis, 2025; Helseth and Johnson, 2025a, 2025b, 2025c¢; Inkenbrandt,
2026a, 2026b; Key and Novick, 2025; Ladig and Inkenbrandt, 2026; NEON, 2025; Rey-Sanchez
et al., 2026; Rey-Sanchez et al., 2026; Schreiner-McGraw, 2026; Schuppenhauer et al., 2025;
Schuppenhauer et al., 2025; Sungur and Vanloocke, 2025; Suyker, 2026a, 2026b, 2026¢). We
converted half-hourly latent heat flux (LE) into ET and reproduced daily and site-mean values
under alternative missing-data treatments. Summing available half-hourly ET while treating
missing observations and entirely missing days as zero reproduced the mean observed ET
reported in GO26's Table 1 within 0.04 mm d* at 20 of 22 sites (Figure 1a). In contrast,
restricting the analysis to valid observations, applying gap filling, and correcting for energy
balance closure produced substantially different estimates (Figure 1b-d). This close agreement
across nearly all study sites provides compelling quantitative evidence that missing observations
were effectively treated as zero ET in the original analysis, despite the authors’ stated exclusion
of days with more than 50% missing or gap-filled half-hourly observations and subsequently
applying energy balance closure correction (GO26, page 3-4).
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Figure 1. Mean daily ET at the 22 AmeriFlux sites studied by GO26, as reported in their Table 1
(x-axis) and as reproduced here from the AmeriFlux BASE data (y-axis); each point is one of 22
sites. (a) Missing half-hourly LE observations and entirely missing days treated as zero. (b)
Missing observations excluded: daily means of the valid half-hourly observations on days with at
least 50% valid half-hours, averaged over those days and missing values set to NA. (¢) As in (b),
with the missing half-hours of those days gap-filled from the mean diurnal cycle of a 15-day
moving window. (d) Like (c), on the days with all energy balance components (net radiation,
sensible and soil heat flux; 92% of the days in (c) at the sites shown). Here, the Bowen ratio
closure correction described by GO26 (Twine et al., 2000) was applied with flux-data-qaqc
version 0.5.0 (Volk et al., 2021) without screening the daily correction factors and leaving out
days with corrected LE <—100 or > 850 W m2. Soil heat flux (G) was set to zero at the three
sites whose BASE files contain no G measurements (US-IAB, US-MN1, US-MN2). US-WT]I,
which has no net radiation measurements, is omitted from (d). Panels (a)—(c) are not corrected
for energy balance closure. Dashed lines are 1:1. At the two labeled sites in (a), the BASE
versions examined here contain more LE observations than the earlier versions GO26 appear to
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have processed. Mean diff., mean of reproduced minus reported ET; RMSD, root-mean-square
difference.

We further examined the daily time series presented in GO26. At US-UTJ, 206 of 353 daily
observations shown in their Figure S2 were exactly zero, corresponding to dates without
available LE measurements in the AmeriFlux BASE dataset examined here. At US-UiC,
reconstructed daily ET (i.e., zero-filled daily sums) reproduced 360 of 361 observations in their
Figure 8 within 0.02 mm d™, including days with incomplete flux records. These results provide
strong evidence that many zero-valued reference EC ET observations reflect data unavailability
rather than measured absence of evapotranspiration.

3. Implications for OpenET biases and ML correction

Treating missing EC observations as zero systematically lowers the observational reference and
consequently inflates apparent OpenET overestimation. Using the 742 site-months at 21 sites
with at least 20 days that pass GO26's 50% filter and have all energy balance terms, we found
that the monthly bias of the current OpenET ensemble (collection 2.1) decreased from +0.51 mm
d™' against zero-filled ET to +0.17 mm d ! against the daily means of the valid observations.
Applying the Bowen ratio closure correction described by GO26 (Twine et al., 2000) to these
means, without screening the daily correction factors as in flux-data-qaqc (Volk et al., 2021),
changed the bias to —0.43 mm d'. Because LE is missing mostly at night at several sites, we also
gap-filled the missing half-hours from their mean diurnal cycle, a step GO26 do not describe; the
bias was then +0.30 mm d™! before and —0.24 mm d! after the same Bowen ratio closure. For
reference, the energy-balance-ratio (EBR) closure of flux-data-qaqc gave —0.22 mm d' on the
gap-filled means of the same site-months. Moreover, the current OpenET collection evaluated
against measured monthly ET at 36 cropland stations of the Volk et al. (2023) benchmark dataset
(2016-2022; closure-corrected eddy covariance at 32 stations and weighing lysimeters at four)
gives an ensemble bias of —0.22 mm d™'. Thus, the direction and magnitude of the inferred
OpenET bias depend strongly on the treatment of the reference observations. Notably, applying
each closure correction changes the inferred bias from overestimation to underestimation,
highlighting the importance of consistent EC reference-data processing.

The missing-data artifacts also affect the reported benefits of ML bias correction. For US-UT]J,
digitizing the observations and predictions presented in GO26's Figure S2 reproduced the
reported XGBoost reduction in root-mean-square error (RMSE) of approximately 52.8%.
However, excluding the zero-valued reference observations reduced the apparent RMSE
improvement to approximately 0.5%. This example demonstrates that a substantial apparent
improvement in ML performance can arise from fitting or evaluating against erroneous reference
observations rather than correcting genuine OpenET biases. Although this site-specific analysis



126
127

128

129

130
131

132
133
134
135
136
137
138

139
140
141
142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162

does not establish the magnitude of this effect across the full dataset, it raises substantial
concerns about the reported overall improvements and their interpretation.

4. Additional methodological and reproducibility concerns

Beyond the treatment of missing EC observations as zero, several aspects of GO26 warrant
further clarification.

Energy balance correction. GO26 stated that EC observations were corrected for energy-balance
closure using Bowen ratio preservation method (Twine et al., 2000). However, their reported
site-mean daily ET values were reproducible only with uncorrected turbulent fluxes and missing
data counted as zero, whereas applying energy balance closure correction produced substantially
different values (Figure 1d). This discrepancy raises questions about whether the described
correction was consistently implemented in the observations used to calculate the reported
statistics and evaluate OpenET.

Machine learning validation. The reliability of ML correction also depends on the independence
of training and testing data, particularly when observations exhibit temporal autocorrelation or
originate from geographically clustered flux towers (Shi et al., 2022). GO26 described several
validation approaches, including site-based and temporally blocked evaluation, and reported that
predictor imputation parameters were estimated from training data. Nevertheless, our sensitivity
experiments with a GO26-like XGBoost correction of OpenET at the cropland stations of the
Volk et al. (2023) benchmark indicate that estimated XGBoost improvements can vary
considerably with the validation strategy, ranging from 9% to 26% RMSE reductions. More
importantly, the apparent inclusion of zero-valued reference observations raises concerns about
whether the reported improvements reflect genuine predictive skill. Independent reproduction of
the reported results, including the reference-data filtering, training and testing partitions, and
validation procedures, is therefore needed to establish the robustness and generalizability of the
reported ML improvements.

Supplementary information and reproducibility. GO26 refers to supplementary tables that we
could not locate among the publicly available article materials examined. The authors also stated
that all analysis code, trained models, and feature-engineering scripts would be made publicly
available upon acceptance. However, these materials were not publicly accessible as of October
16, 2026, despite the article's acceptance on October 7, 2026, and online publication on October
13, 2026. Their unavailability limits independent reproduction of the observational processing,
energy balance closure correction, and ML evaluation, particularly given the substantial
discrepancies identified here. We encourage the authors to release the complete analysis code,
associated model artifacts, and supporting materials to enable independent verification and
resolution of these concerns.
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5. Conclusions

Our reconstruction provides strong evidence that missing EC observations were effectively
treated as zero ET in GO26, reproducing the reported mean observed ET within 0.04 mm d™! at
20 of 22 AmeriFlux sites. This treatment substantially underestimated reference EC ET and
inflated apparent OpenET biases. This artifact also calls into question the reported effectiveness
of ML bias correction. The additional inconsistency between the reported ET statistics and the
described energy balance closure correction further complicates interpretation of the findings.
We recommend reassessing the original study using appropriately quality controlled and
processed EC observations, with consistent validation procedures. Such reassessment is
necessary to distinguish genuine OpenET model deficiencies from artifacts introduced during
reference data processing and to establish the robustness of the proposed ML corrections.

Data statement

All reconstruction scripts, sensitivity analyses, and supporting results are publicly available on
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