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Summary

The Instituto de Hidrologia de Llanuras -Argentina has been studying evapo-
transpiration (ET) using lysimeters since 2010 with the aim of validating different
methods. This work presents the study about direct measurements of actual ET
by means of a weighing lysimeter in an Argiudol soil from Pampa Plains, Argentina.
The information generated was used to evaluate the Penman-Monteith (FAO-56).
The methods were tested under different soil moisture conditions. Estimated ET
values showed a good correlation with actual ET when soil moisture was high,
moreover greater differences were showed when the soil moisture tends to
lower values (<30%). However, the correlation improved significantly when the
methods were corrected with evaporative fraction. This study provides necessary
information for the validation of local-regional models applied in Argentinian
plains, where ET is a term of great importance.

Keywords: agrometeorological station, evaporative fraction, soil moisture, surface
energy balance

Introduction

The evapotranspiration (ET) can be obtained indirectly from information logged in surface
energy balance stations or on a regional scale with the use of satellite or reanalysis
data. In order to have reliability of the models used, it is important to validate the infor-
mation generated with direct measures of evapotranspiration. Actually, lysimeters are
the most accurate instruments for estimating changes in soil water content. However,
in Argentina there are few agrometeorological stations that have these instruments
(Lazzari et al. 1984, Andriulo et al. 2004, Requena et al. 2010, Olmedo & Vallone 2011,
Caprile et al. 2016).

Against this background, the Instituto de Hidrologia de Llanuras “Dr. Eduardo Ussunof”
decided to create two prototypes of weighing lysimeters for monitoring soil water
storage. The first was installed in 2010 and its weighing system was manual by means
of a hydraulic scale. The second was installed in 2017, and unlike the previous one, this
lysimeter had a load cell that recorded the its weight every hour (Faramifian et al. 2021).

The information generated by these instruments allowed to validate methods at different
spatial scales. For example, Degano et al. (2017) validated MOD16 product with lysimetric
information. Recently, Olivera Rodriguez et al. (2020) published a new methodology
for calculating the water footprint in soybean crops with weighing lysimeter data as
complementary information.

The aforementioned works base their methodology on remote sensing, using a regional
scale. In order to generate information useful for validate remote sensing data, this work
aims to analyze the performance of plot models. Thus, actual evapotranspiration (ETa)
values were correlated with the Penman-Montieth/FAO 56 method (ET,). ETa values
were calculated daily and hourly from data measured by the two weighing lysimeters
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Figure 1. Weighing lysimeters
diagrams and CSM used in the
test. In a) the manual lysimeter
and a profile soil image. In b)
the automatic lysimeter.

and ET, was calculated on the same time scale based in the information from a surface
energy balance station. This last method was corrected applying a stress factor based
on soil moisture data (ET xEF).

Materials and Methods

The study was realized in Tandil, Argentina (37° 19’ 07" S., 59° 04’ 44" W.). The area has
a humid-subhumid temperate climate, with a mean annual rainfall (1970-2010) of 925 mm
(Aliaga et al. 2017). The soil corresponds to a Typical Argiudol and has an agricultural and
livestock aptitude. Three species predominate in the vegetation cover (Dactylis glomerata,
Festuca Arundinaceay Lolium multiflorum). The period of study was from 2011 to 2014.

Figure 1shows the weighing lysimeters design. The instruments construction was based
on the guidelines of Aboukhaled et al. (1982). Figure 1a) shows the manual weighing
lysimeter and sensors installed inside the tank. It was built by filling the tank with the
soil of the place respecting the profile horizons. A second weighing lysimeter was set
up with a load cell, which measure the tank weight every hour, and the soil moisture
sensors were installed outside the tank. This lysimeter was designed so that the soil
inside the tank does not suffer disturbances in the installation (Faramifidn et al. 2021).
Both lysimeters are on the same plot.

The ETa is calculated from the lysimeters as follows,
1 Aw
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where ETa is the actual evapotranspiration [nm day” or mm hour”], p, is the water density,
w is the weight lysimeter measurement, Aw/At is the change of water in the lysimeter
and A _is the effective area of evaporating foliage. In this work A _is equivalent to 15%
more than the lysimeter physical area (0.27 m?).

On the other hand, the Penman-Montieth method was calculated following the FAO-56
manual (Allen et al. 1998),
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where ET, is the reference evapotranspiration rate, T is the mean air temperature [°C],
u, is the wind speed [m s”], Rn is the net radiation flux into the soil, G is the sensible
heat flux [MJ m? day’], e_is the mean saturation vapour pressure, e, is the mean ambient
vapour pressure [kPa], y is the psychromatic constant [kPa/°C] and A is the saturation
pressure at atmospheric temperature slope. The constants C1, C2, C3 and C4 were used
to obtain the ET in [mm day™] or [mm hour].

To obtain actual values of ET it is necessary to multiply the Eq. 2 by a factor that
containing soil-vegetation information. For this reason, in this work the Evaporative
Fraction (EF) was used as a correction factor. The EF has a strong link with water soil
available, which is the limiting factor of latent heat flux (Nutini et al. 2014). This flux is
associated directly with ET.

Figure 2 shows the behavior between the ETa/ET, ratio and the EF. A range of values
of this relationship presents a linear behavior and, considering the soil moisture, it can
be expressed as follows,

gF, = SM,=SM,, .
SM,,. - SM

max min

where SM is the soil moisture measurement by means of capacitive probes.

However, it is observed in Figure 2 that this relationship is not completely linear (Gentine
et al. 2007). Thus, a new equation was proposed for a better fit,
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Finally, in order to observe the performance of ET and ET  multiplied for EF (ET xEF)
against ETa, the follows metrics were used,
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Figure 3. Correlation graphs
between ET, - ET xEF and ETa
for daily (a and b) and hourly
scales (c and d). The blue line
is the trend and the black line
is the line 1:1.
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where ET__is ET or ET xEF, ET__is the mean value of ETa, N is the number of mea-
surements, RMSE is the root mean square error, MAE is mean absolute error and NSE
is Nash-Sutcliffe model efficiency coefficient. The NSE efficiency factor is useful and
effective in hydrological studies (McCuen et al. 2006, Ritter and Mufoz-Carpena 2013).

Results and Discussion

Figure 3 shows the relationships between ET_ and ETa, and ET xEF with ETa. The over-
estimation of ET, respect to ETa was observed on a daily scale (Figure 3a). However,
applying the EF as a soil-vegetation factor, a considerable improvement in the relation-
ship was obtained (Figure 3c). The same can be seen on an hourly scale (Figures 3b, 3d).

Table 1 shows the statistics relationships of Figure 3. Considering EF as a correction
factor improved the results. In one hand, the RMSE was reduced by 57% on a daily scale,
while on an hourly scale by 47%. On the other hand, NSE values close to 1 indicate that
the estimated or predicted values are correct. In our case, the NSE indicates a better
performance in ET xEF than in ETO.

In the two time scales, it was observed that the models overestimated when the soil
humidity values were lower than 0.15 m® m, due to the high atmospheric demand of
water vapor which exceeds the rate that the vegetation or the soil can provide. In some
cases, the estimated values of ET, were 4 times higher than the ETa.

These results show the need for a correction factor that contains information about
the vegetation or the soil that allows to obtain actual ET values. Many authors have
approached the subject from different perspectives. For example, Pereira 2004, used
the decoupling factor multiplied by the Preatsley-Taylor method. This factor is mainly
defined by the aerodynamic vegetation resistance. Other authors relate the correction

Table 1. Statistical indices of Model Units R2 RMSE | MAE | NSE

the relationship between es- T Jav 072 11 077 |oo7
timated (ET, and ET xFE) and o mm day ’ ' ' '

observed (ETa) data. mm hour” 0.50 0.15 0.1 -0.51

ET xEF mm day”’ 0.83 0.48 0.35 0.83

mm hour” 0.73 0.08 0.07 0.49

ETq [ mm day
ETy xEF [ mm ds[y_l ]

ETy [ mm hour™ ]
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factor with the sensitive and latent heat flux (Gentine et al. 2007). However, there are
few studies that consider soil moisture as a correction factor. Besides, as it can be
observed in this work, precise information is obtained on the water storage changes
in the unsaturated zone if the factor is adjusted with the relationship between the ETa
and ET values.

Conclusions

In this work, the Penman-Montieth model (FAO56) was evaluated by means of a weighing
lysimeters. Hourly and daily data from a meteorological station located in the city of
Tandil, Argentina, were used. The ET, model overestimates the ETa values obtained by
the lysimeters, for this reason the evaporative fraction is proposed as a correction factor.
Considering this factor, it was observed that the model improved significantly, with a
reduction in RMSE values to 50% approximately, while the NSE values indicated a better
performance. This technique can be extrapolated to monitor actual evapotranspiration
at a larger spatial scale through a set of sampling sites. With the results of this work,
it is expected to contribute to scientific knowledge about the evapotranspiration pro-
cess, to the development of scientific-technical applications and decision-making in the
management of water resources in plains areas of Argentina.
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