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Impact of temperature selection on Penman-Monteith potential evapotranspiration calculation
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Abstract: Potential evapotranspiration (PET) is a core parameter for hydrological cycle and ecological process research. The Penman-
Monteith (P-M) equation is the most widely adopted method for PET estimation at present. Nevertheless, in-situ direct PET measurement
is challenging. This limitation causes insufficient empirical validation of modeled PET values and unclear estimation uncertainty. This
study adopted latent heat flux data collected via an eddy covariance system in the Poyang Lake floodplain wetland. Following the classic
conceptual framework proposed by Granger (1989), this study assessed P-M equation performance under varied temperature input
scenarios via multiple accuracy indicators. Results indicate that PET estimates from different temperature inputs achieve good consistency
with field observations. Specifically, PET calculated using surface temperature shows the optimal consistency with measured latent heat

flux, and better characterizes PET temporal variations. This study clarifies PET sensitivity to temperature, improves the credibility of PET
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estimation, and provides theoretical references and practical implications for relevant watershed and wetland research.
Keywords: Potential evapotranspiration; Penman-Monteith equation; Surface temperature; Saturation vapor pressure deficit; Eddy

covariance system
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Fig.1 A diagram for major conceptual development in potential PET since 1948, encompassing different perspectives such as crop water requirement,

meteorological control, and vapor pressure deficit-based formulations
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Fig.2 Observation site in Poyang Lake, China. (a) Xingzi Station in Poyang Lake; (b) and (c) satellite capture of the areas surrounding

observation site for exposed and inundated periods, respectively; (d) and (e) field photos for the two periods, respectively
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Fig.3 Flux footprint during the inundation period at the Xingzi station. (a)Wind rose diagram showing wind speed and direction
frequency; (b)Flux footprint distribution measured by the eddy covariance system during the inundation period
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Fig.4 Vapor pressure gradient diagram for potential evapotranspiration estimation under different temperature combinations (adapted
from Granger, 1989). The figure illustrates six distinct ways to combine vapor concentration gradients. Here, ey, and ey;,g4, denote
the actual and saturation vapor pressures computed using air temperature (T,), whereas €4 and eg,,sq; denote the actual and

saturation vapor pressures computed using the evaporative surface temperature ()
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Fig.5 Time series of PET estimates and observed latent heat flux (LE) during the 2021 inundation period.In each panel, the thin lines
show the half-hourly PET values from each scheme and the thick lines show the corresponding trend lines. The subplots are grouped by
the method used to compute A: (1) six PET schemes with A calculated from air temperature (T, ); (2) six PET schemes with A calculated

from surface temperature (T)
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Fig.6 Taylor diagrams of calculated PET values at different time scales. The diagrams present a comprehensive statistical comparison
between twelve PET estimates and the latent heat flux (LE) observed by the eddy covariance system at four time scales: (a) half-hourly,
(b) daily, (c) monthly, and (d) the entire inundation period. Concentric circles centered at the origin denote isolines of standard deviation,

radial rays represent the Pearson correlation coefficient, and dashed arcs centered at the observation point indicate isolines of the
centered root mean square difference (RMSD). This geometric framework enables a simultaneous evaluation of the variability, temporal
consistency, and overall deviation of each PET scheme relative to the observations.
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Fig.8 Scatter plot of potential evapotranspiration estimates versus measured latent heat flux. The plot includes the regression line, the 1:1

line, and error evaluation metrics
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Fig.9 Boxplot of residuals for different PET calculation methods. The figure shows the distribution of residuals (PET-LE) between the
calculated PET values and the measured latent heat flux (LE) for each method. The boxplot illustrates the median (red line), interquartile
range (box), overall data spread, and outliers. This plot allows for the comparison of systematic bias and variability among different
calculation methods, enabling the assessment of their accuracy and stability
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Fig.10 Residual distribution of PET estimates under different net radiation (Rn) and relative humidity (RH) conditions. The figure shows

the residuals (PET-LE) of 12 PET estimates derived from different temperature combinations, plotted against various Rn and RH value



combinations. Colors indicate the magnitude of residuals (W/m?), with red representing overestimation and blue representing
underestimation
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Fig.11 Residual distribution of PET estimates under different net radiation (Rn) and air temperature (T,,) conditions. The figure shows

the residuals (PET-LE) of 12 PET estimates derived from different temperature combinations, plotted against various Rn and T, value
combinations. Colors indicate the magnitude of residuals (W/m?), with red representing overestimation and blue representing

underestimation
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Fig.13 PET response trends under different temperature perturbations. This figure illustrates the mean percentage change in PET values

under +£10% and £20% perturbations in surface temperature (Ty) and air temperature (T,), for twelve estimation methods. The x-axis



denotes relative changes in temperature inputs, and the y-axis represents the resulting changes in PET (%)
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