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Consumptive water use, or evapotranspiration (ET), is one of the

fundamental components of the hydrological cycle (Jensen & Allen,

2016) and a key factor for agriculture, irrigation scheduling, and water

resources (Feng & Tian, 2021).

Since determining ET for each crop is difficult, reference

evapotranspiration (ETo) is calculated, and then ET is estimated using

ETo (Mehdizadeh, 2018). ETo is traditionally estimated using the

Penman-Monteith (PM) method, considered the standard by the FAO

due to its use of multiple climatic variables, providing a solid physical

basis.

This research aimed to evaluate machine learning techniques to

estimate ETo at the Yauri meteorological station in Peru.

The evaluated algorithms presented a better performance to estimate

ETo in relation to the HS model and can be used as an alternative in

cases of limited meteorological data.

Figure 3. Box diagram of the residuals, a) model 1, b) model 2 and c) model 3.

Table 1. Performance results - validation period

The study was carried out at the Yauri meteorological station, located

in the province of Espinar, in the Cusco region. Hydrographically it is

located in the upper Apurímac river basin, at the geographic

coordinates of latitude 14° 48' 5” South and longitude 71° 25' 54”

West, at an altitude of 3,927 meters above sea level (Figure 1).

Figure 1. Location of the study area.

Model 1 showed the best performance for ANN, while KNN was the

least effective. In Model 2, KNN outperformed ANN despite fewer

input variables. Model 3 had similar results, with ANN slightly

outperforming KNN (Table 1). The Hargreaves-Samani method

performed poorly compared to ANN and KNN, highlighting the

effectiveness of machine learning models for estimating ETo in the

study area.

The box plots in Figure 3 illustrate the residual distribution for the

models compared to PM values, confirming the precision of the ML

models. Model 1 (ANN) has residuals within ±0.1 mm/day, Model 2

(KNN) ranges from -0.4 to 0.5 mm/day, and Model 3 (ANN) shows

residuals around ±0.4 mm/day.

It is possible to obtain reliable ETo values using machine learning

algorithms based on extraterrestrial solar radiation and temperature

data. Models 2 and 3 align with the approach proposed by

Hargreaves and Samani (1985); however, the results suggest that

fewer combinations of meteorological variables can be a suitable

alternative when complete weather data is unavailable.

Figure 2. Methodological flowchart.
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