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Abstract

Waterbody evaporation (E) within endorheic basins in semiarid areas is
critical in determining the water balance. Accurate E measurements can
provide valuable information for the sustainable management of water
resources in the face of climate change scenarios. However, evaporation
can be estimated through methods as efficient as Penman using variables
from agroclimatic stations, such as wind velocity, net radiation, relative
humidity, and air temperature, which have spatiotemporal variability.
Within the evaporation models based on remote sensing (RS) is the
surface energy balance model (SEB), which has been applied to different
methodologies and extends the measurements of evapotranspiration (ET)
at a regional level. SEB-based methodologies use physical principles with
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minimal weather data requirements to estimate ET. Hence, this article
compares two RS methodologies that estimate evaporation: The Regional
Evapotranspiration Estimate Model (REEM) and the Earth Engine
Evapotranspiration Flux (EEFlux). Comparing ET measurements obtained
from REEM and EEFlux for seven Landsat OLI scenes in the agriculture
cycle of April to September applied against the simplified Penman
equation showed that the REEM performed better (d = 94 %) than the
EEFlux (d = 68 %) for the indicated period. Although the comparison of
REEM and EEFlux shows accurate E measurements (REEM), gridded
weather data (EEFlux) needs to improve, increasing the scale using local

information.

Keywords: REEM, EEFlux, waterbody, lake, lake, evaporation, latent
heat flux, evapotranspiration.

Resumen

La evaporacién de cuerpos de agua (E) dentro de cuencas endorreicas en
areas semiaridas es un factor critico para la determinacion del balance
hidrico. Mediciones precisas de E pueden proporcionar informacién valiosa
para gestionarrecursos hidricos de forma sustentable ante los escenarios
de cambio climatico. Sin embargo, la evaporaciéon puede estimarse a
través de métodos tan eficientes como la ecuacién simplificada de Penman
(S-Penman) utilizando variables de estaciones agroclimaticas, como la
velocidad del viento, la radiaciéon neta, la humedad relativa y la

temperatura del aire, que tienen una variabilidad espacio-temporal.
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Dentro de los modelos de evaporacion basados en sensores remotos (RS)
se encuentra el modelo de balance de energia de superficie (SEB), que se
ha aplicado a diferentes metodologias y extiende las mediciones de
evapotranspiracion (ET) a nivel regional. Las metodologias basadas en
SEB utilizan principios fisicos con requisitos minimos de datos climaticos
para estimar ET. Este articulo compara dos metodologias que estiman la
evaporacioén utilizando RS: el modelo de estimacidén de evapotranspiracién
regional (REEM) vy el flujo de evapotranspiracion earth engine (EEFlux).
La comparacion de mediciones de ET obtenidas de REEM y EEFlux para
siete escenas Landsat OLI en el ciclo agricola de abril a septiembre de
2019 comparadas contra S-Penman mostré que REEM tuvo un mejor
desempefio (d = 94 %) que el EEFlux (d = 68 %) para el periodo indicado.
Aunque la comparacion de REEM y EEFlux muestra mediciones precisas
de E (REEM), es necesario mejorarlos datos meteoroldgicos cuadriculados

(EEFlux) aumentando la escala utilizando informacidn local.

Palabras clave: REEM, EEFlux, cuerpo de agua, lago, laguna,
evaporacion, flujo de calor latente, evapotranspiracion.
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Introduction

The Bustillos Lake is the largest water body (~100 km2) in the
Cuauhtemoc Valley (in Chihuahua, Mexico), which is in an endorheic basin
(3 302 km2). The climate is semiarid, and agriculture is intensive. High
competition for water resources among stakeholders (Diaz-Caravantes,
Bravo-Pefia, Alatorre-Cejudo, & Sanchez-Flores, 2014) has exerted high
pressure on the aquifer. According to Mexican authorities, this
phenomenon has caused the aquiferto be overexploited (Diario Oficial de
la Federacién, 2015). For this reason, farmers have made dams and
ditches to divert and retain a small part of the tributary flows before it
reaches Bustillos Lake. These practices, however, limit the source of water
that supplies it. Like any water body, Bustillos Lake is essential for its
thermoregulatory climate function in the region as it absorbs heat fluxes
and releases moisture (Rooney & Bornemann, 2013; Subin, Murphy, Li,
Bonfils, & Riley, 2012). It is also an ecologically important resting place
for migratory waterbirds (Mireles & Mellink, 2017). Aquatic systems in
semiarid areas are susceptible to drasticvariations in water levels as they
affect the aquatic life (Amado-Alvarez, Pérez-Cutillas, Ramirez-Valle, &
Alarcén-Cabaiero, 2016) that feeds waterbirds. If the water bodies are
poorly managed, they could dry up and cause irreversible damage to the

ecological environment. Some examples of environmental damage are the
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Aral Sea between Kazakhstan and Uzbekistan (Gross, 2017), Lake Chad
on the borders of Niger, Nigeria, Cameroon, and Chad (Okpara, Stringer,
Dougill, & Bila, 2015), and Lake Urmia in Iran (AghaKouchak et al., 2015).
These water bodies are drying up because of the diversion of tributary
rivers to agricultural fields, droughts, and upstream competition forwater.
The lake's evaporation data are required to establish administrative water
resource policies to avoid catastrophic scenarios and conserve the water

balance in the Cuauhtémoc Basin.

Evapotranspiration (ET) is a process that combines the evaporation
of water surfaces, soil moisture, and transpiration from vegetation
(Erickson et al., 2008). Evaporation is part of ET, governed by
aerodynamic and energy equations (Penman, 1948). Under this approach,
it is possible to estimate the evaporation of a water body by calculating
ET using remote sensing (RS) techniques. The most effective techniques
for measuring evapotranspiration are lysimeters or eddy covariance flux
stations (Hirschi, Michel, Lehner, & Seneviratne, 2017). Nevertheless, this
type of equipment does not exist in the region due to its high cost.
Because of this situation, exploring emerging alternative methodologies
for measuring ET is necessary. Rohwer (1931) developed evaporation
coefficients (Kpan) for the evaporation pan method (U.S. Class A pan) for
each month of the year. The problem with this approach is that the
method used lakes in Colorado as research sites. These sites contained
clear water, and the physical aspects of the metal pan container affected

evaporation measurements (Fu, Charles, & Yu, 2009; Rayner, 2007). The
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Bustillos Lake has particular characteristics that make it different from
other lakes; besides being a shallow lake, turbidity is high caused by
suspended material content (Alvarez, Cutillas, Valle, & Cabaiero, 2016;
Amado-Alvarez et al., 2019). Radiation flux from the sun penetrates deep
into the water column in clear water conditions, absorbing energy (Smith
& Tyler, 1967). Under conditions of turbidity and low depth (<3 m)
(Rojas-Villalobos, Alatorre-Cejudo, Stringman, Samani, & Brown, 2018),
suspended particles on the surface layer scatter solar radiation.
Therefore, the water temperature increases resulting in more evaporation
(Kirk, 1985). Under these conditions, applying pan evaporation
coefficientsis impossible since each lake's physical characteristics change.

The classification of methods for calculating evaporation is daytime
air temperature range such as that of Papadakis (Papadakis, 1965); air
temperature and day length such as Hamon (Hamon, 1960), and Blaney-
Criddle (Blaney & Criddle, 1957); solarradiation and the air temperature
such as Jensen-Haise (Jensen & Haise, 1963), Makkink (Makkink, 1957),
and Stephens-Stewart (Stephens & Stewart, 1963); heat flux and water
vapor flux (combination) such as De Bruin-Keijman (De-Bruin & Keijman,
1979), Penman (Penman, 1948), Brutsaert-Stricker (Brutsaert & Stricker,
1979), and De Bruin (De-Bruin, 1978). Although these methods can offer
good evaporation approximations, estimates are local at the point of the

reference weather station.

Given this limitation, RS techniques expand measurements to the

regional scale cost-effectively. There are different satellite-based methods
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established on physical relationships and theoretical foundations. Zhang,
Kimball, & Running (2016) classified ET retrieval methods into eight
groups: a) Penman-Monteith (PM) (Cleugh, Leuning, Mu, & Running,
2007; Li et al., 2017); b) Priestley-Taylor (PT) (Martinez-Pérez, Garcia-
Galiano, Martin-Gorriz, & Baille, 2017; Priestley & Taylor, 1972); c) water-
carbon linkage (WCL) (Fisher et al., 2018); d) water balance (WB) (Reitz,
Senay, & Sanford, 2017); e) maximum entropy production (MEP) (Wang,
Tetzlaff, & Soulsby, 2017); f) surface energy balance (SEB) (Senkondo,
Munishi, Tumbo, Nobert, & Lyon, 2019); g) Ts-VI space (TVI) (Zhu, Jia,
& Lv, 2019), and h) empirical and other methods (EQ). Each physical-
theoretical basis reported by these groups has advantages and
restrictions. For instance, PM models have a robust physical base, but on
the other hand, the forcing of meteorological variables induces and
propagates uncertainty in the evaporation estimate. The simplified PM
model is the theoretical basis of PT as a primary governing equation by
adding semiempirical equations. The estimations of the water-carbon
linkage method use the advantages of carbon processes, which increases
uncertainty in carbon fluxes caused by forcing climatological data. The
MEP model is the base of the nonequilibrium thermodynamics theory,
which requires few enforced climatological variables but requires
continuous surface temperature measurements. The SEB models require
minimum local weather data and RS but are susceptible to temperature
deviations and need clear-sky conditions. TVI models have low-

temperature sensitivity but require clear-sky conditions and oversimplify
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TVI space relationships. A weak theoretical base of empirical models does

not make them a robust option for water management policies.

Within the SEB classification, there are two methodologies with a
robust physical-theoretical base: the regional evapotranspiration estimate
model (REEM) (Hewitt, Fernald, & Samani, 2018; Kivrak, Bawazir,
Samani, Steele, & S6nmez, 2019; Samani & Bawazir, 2015; Samani et
al., 2007b; Samani, Skaggs, & Bleiweiss, 2005b) and the Earth Engine
Evapotranspiration Flux (EEFIux) (Allenetal., 2015; Ayyad, Al-Zayed, Ha,
& Ribbe, 2019), which is a version of mapping evapotranspiration at high
resolution with internalized calibration (METRIC) (Allen, Tasumi, & Trezza,
2007a; Allen et al., 2007b). REEM and METRIC use the same physical
basis of Surface Energy Balance Algorithms for Land (SEBAL)
(Bastiaanssen, Menenti, Feddes, & Holtslag, 1998a; Bastiaanssen et al.,
1998b) but with some differences to sensible heat flux (H) estimation and
net radiation (Rn). EEFlux is an integration of the METRIC model in the
Google Earth Engine platform. EEFlux uses Landsat satellite images,
NLDAS, and CFSv2 gridded weather data (the United States and the rest
of the world, respectively) for calibrating the METRIC model (Allen et al.,
2007a; Allen et al., 2007b; Irmak et al., 2012). RS can estimate
waterbodies' evaporation through the relationship with
evapotranspiration calculated using meteorological data from weather

stations.

The Lake Bustillos basin region is in a critical situation for surface

water management. It is necessary to develop civil infrastructure that
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allows efficient surface water use. Knowing the lake's evaporation rates
is essential to indirectly estimate the runoff and generate evaporation
data required for the regional hydrological study. The local agroclimatic
datain ET models based on RS reduces the evaporative fraction difference
compared to those that use regional climate data grids to estimate
evaporation in waterbodies. Due to the importance of monitoring
evaporation to carry out responsible water management, this study
establishes a starting base to evaluate which of the two ET models that
use remote sensors is more suitable to measure E. The main objectives
of this paper are (a) to calculate E for the lake using the S-Penman
equation; (b) to estimate E through REEM and EEFLUX, and (c) to
compare the effectiveness and performance of the ET models against the
simplified Penman (S-Penman) equation (Valiantzas, 2006). Geospatial
(2D) quantification of evaporation using RS and ET models is a viable and

suitable technique for managing regional water resources.

Materials and methods
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The processes that integrate the methodology for comparing the

performance of REEM and EEFlux with the S-Penman are as follows in

Figure 1.
Agro-meteorological data Landsat 8 OLI selection.
Time overpassing " DOY list scenes (clear-
study site sky condition) i Start
! REEM and EEFlux raster l
Weather data from _ Radiometric
» reference station at calibration, geometric, Download EEFlux AET
overpassing time and atmospheric
correction |
REEM :
Agro(crl’ierfréaréiﬁcsé?tion AET calculation Clip to lake area
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*|  Evaporation ~ Statistical comparison «— REEM and EEFlux
Statistical evaluation E sampling

Figure 1. Schematic flow chart comparing the REEM and EEFlux models
to get E estimations by comparing the S-Penman equation.
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Study area

This study was conducted during the agricultural cycle from April 2017 to
September 2017 in the endorheic basin of Cuauhtemoc Valley. The
Bustillos Lake is a shallow freshwater body in the municipality of
Cuauhtemoc, Chihuahua, Mexico. The lake is at latitude 28°33'59.36” N
and longitude 106° 46’ 7.33” W. The lake has an approximately oval
shape, of which the majoraxisis 17 km, and the minor one is 8 kilometers
with an average depth of 1.7 m. The area can fluctuate around 100 km?
(Figure 2) (Rojas-Villalobos et al., 2018). Currently (August 2019), the
surface of Bustillos Lake is 116.7 km2; moreover, itstores 312.7 hm3 and
has an average depth of 2.68 m. The lake water's turbidity is closely
related to the shallow depth and high concentrations of sediment carried
by the tributaries. The surface water erosion in the region is mainly due
to extensive agriculture, sparse riparian vegetation, and the deforestation
of the mountain ranges' slopes that delimitthe basin (Alvarez et al., 2016;
Amado-Alvarez et al., 2019).
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Figure 2. Bustillos Lake location and agrometeorological station. INEGI

(2019).

Agrometeorological data

An agroclimatic station, ADCON™, located 4.5 kilometers west of the
Bustillos Lake at 28° 34' 11.5" N, 106° 54’ 29.4" W, and 2004 m.a.s.|
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provided hourly meteorological data that REEM required to calculate the
ET for each date from downloaded Landsat 8 OLI satellite images. Also,
the agroclimatic station provided data for computing E using the
standardized S-Penman equation (Valiantzas, 2006) through TR1 Combi
sensors for temperature and relative humidity and pyranometers (SP Lite
and CMP3), and wind speed.

Landsat 8 OLI selection

Seven Landsat 8 OLI images (7, 23, and 30 April; 9 and 16 may; 17 July;
14 September) from two different Paths (Path:32,33; Row:40) were
chosen for continuity in the temporal and geographical space of the
agricultural cycle in the Cuauhtémoc Basin. Additionally, the images met

no cloud criteria (clear-sky) in the study area.
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REEM and EEFlux raster

The satellite images were radiometrically calibrated and atmospherically
corrected using the ENVI® software through the Fast Line-of-sight
Atmospheric Analysis of Hypercubes (FLAASH™) tool. Once the satellite
images were processed for obtaining the ETa through the REEM, the ET,
layers of the EEFlux model were downloaded from the web portal

(http://eeflux-levell.appspot.com/).

Lake delineation and sampling

The sampling was carried out through a lake polygon created using the
Modified Normalized Difference WaterIndex (MNDWI), which discretizes
the water surface from the rest of the image (Xu, 2006). The outline of
the polygon of the lake was contracted by 50 meters to reduce water
detection errors on the shore caused by expanding and contracting
throughout the agricultural cycle. One hundred random spatial point
samples were obtained for each day evaluated for each model compared,
giving a total of 700 samples for REEM and 700 samples for EEFLUX.
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Statistical evaluation

Statistical comparison was performed using the relationship between the
observed values (Oi) (S-Penman) and the estimated or predicted values
(Pi) (REEM and EEFlux). A set of statistical indicators were applied to
evaluate the performance of each model. A linear regression analysis
(y=ax+b) was applied to obtain the (a) slopes and (b) interceptions;
moreover, a residual analysis was performed to see if there were atypical
values that affected the models. According to Chai and Draxler (2014), it
is a good practice to include mean absolute error (MAE) and root mean
square error (RMSE) because they are indicators that integrate the main
differences between observed and estimated values. The variance (S42)
was calculated to determine the difference between observed and
predicted values. The mean bias error (MBE) was included to find if there
was a systematic error. The consistent error between the distance of
linear regression and the 1:1 line is known as systematic RMSE.
Unsystematic RMSE is when the error is randomized, caused by an
unknown source. When an unsystematic RMSE has low values, and the
systematic RMSE value is close to RMSE, the model can be considered

good (Willmott et al., 1985). The efficiency model (EF) was applied using
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the predicted and observed measured variations (Greenwood, Neeteson,
& Draycott, 1985; Nash & Sutcliffe, 1970). Finally, an agreement index
(d) (Willmott, 1981, 1982; Willmott & Wicks, 1980) was estimated for
comparing hydrological models.

_ §V=1|Pi — Oil :
MAE = ——————— Lower is better
I.V_ P . 0 270.5
RMSE = [Zl_l( IlV ) Lower is better
N _(P,—0, — MBE)?
Sk = =1 (P N 11 ) Closer to 0 is better
_ iz, (P—
MBE = Closer to 0 is better
210.5
RMSE. = Iiv=1(Pi_Pl)
u N
2 10.5
e [ELE-0) ]
N
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z:i=1(Q - 0; )
N _(P.— 0,)?
d=1- 2i=2(Pi ~ 00 < EF < 1) closer to 1,better

ZiL (1P| = o |)

where O; +is the observed value (S-Penman) in the record i, P; is the
predicted value from the REEM and EEFlux models in area i, N is the

number of observations (7), and n is the number of season days (256).
Furthermore, P;, P/, and 0] were obtained as

P,=a0;+ b.P;=P;—0.0;=0; - 0.

Results

The plotted E (S-Penman) results, mean E from the REEM, and the EEFlux

for the Bustillos Lake are shown in Figure 3. Table 1 showed EEFlux had
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significant variations at the beginning of the season on April 7 and April
23 (24.2 and -51.8 %, respectively), as well as at the end of the cycle on
June 17 and September 14 (-36.7and -74.2 %), while the REEM had
sensitive variations on September 14 (13.6 %). In the REEM case, the
percentage variations represented a difference of less than 0.7 mm of
evaporation except on May 9 and June 17, which were 0.98 and 1.11 mm,
respectively. The EEFlux presented variations more significant than 3.1
mm evaporation for 3 of the seven days. On April 7, April 30, May 9, and

May 16, the models tested variations between the reference model's 1.15
and 1.57 mm.
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Figure 3. Mean evaporation values of S-Penman, REEM, and EEFlux
during the 2017 agricultural season for the Bustillos Lake. Data
retrieved from UNIFRUT (2019), USGS LandsatLook Viewer (2019), and
EEFlux (2019).

Table 1. Comparative table of errors between the reference evaporation

and the models based on remote sensors (REEM and EEFlux).

REEM EEFlux
Dat DOY E Reference
ate Error
(mm) mm Error (%) | mm
(%)
7-Apr-2017 96 6.3 6.6 4.0 7.9 24.2
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23-Apr-2017 112 6.0 6.2 2.4 2.9 -51.8
30-Apr-2017 118 6.8 6.7 -1.5 5.6 -16.9
9-May-2017 128 8.4 7.4 -11.6 7.0 -16.5
16-May-2017 135 9.4 8.8 -6.6 7.8 -16.6
17-Jun-2017 167 9.0 7.9 -12.3 57 -36.7
14-Sep2017 256 4.8 5.5 13.6 1.2 -74.2
Average -1.7 -26.9

Although the coefficient of determination (R?) was relatively high
(0.953) to indicate that the REEM model produces evaporation values
close to observed ones, the slope (a = 0.6374) of the regression line does
not ensure continuous linearity of predictions with the reference line
(Figure 4a). The interception coefficient (b = 2.3779) indicates
overestimation of data over observed values. In Figure 4b, the slope of
the EEFlux (a = 1.057) regression line closely matches the 1:1 reference
of the observed data (S-Penman). Furthermore, the interception
coefficient is negative (b = -2.2123), and R? is low (0.5105), which
suggests an underestimation and high variance of the values predicted by
the model. Both models concentrate on underestimating and
overestimating values (EEFlux and REEM, respectively) in the range of 4.9

to 6.2 mm of daily evaporation.
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Figure 4. Comparison of the daily reference E (S-Penman) values and
the values obtained from RS-based methods: a) REEM and b) EEFlux).

Figure 5 shows that the EEFlux model's variance is not constant:
while predicted evaporation values were low, the residual values were
atypically high. In the residual analysis, evaporation is related to time. In
other words, in April and September, the net radiation and temperatures
were low, resultingin less evaporation than that determined between May
and August. When comparing the residuals between the two ET models,
the REEM errors concentrate on the strip of £0.55 mm, which is quite
acceptable. In contrast, more than 50 % of the EEFlux residuals

approximately exceed the range of £1.37 mm and £3.5 mm.
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Figure 5. Comparative graphic of residuals predicted E on RS map
models versus observed E (S-Penman).

The regression and residual analysis did not provide enough
information to measure and compare the models studied. A more in-depth
analysis was required to determine substantial differences between
comparing the data of the predictive models with the reference ones.

Table 2 shows the ranked analytical results for comparing the
performance of ET models. For statistical indexes in complex evaluation
systems, a weighting coefficient separately calculated is required.
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Table 2. Summary of the ranked results of the comparative statistical
indicators applied to the REEM and EEFlux versus S-Penman.

Index REEM (rank) EEFIux (rank)
MAE (mm d'T) 0.55 (1) 2.23 (2)
RMSE (mm d'T) -0.66 (1) 2.43 (2)
S¢Z (mm d-1) 0.44 (1) 3.14 (2)
MBE (mm d'1) -0.25 (1) 1.79 (2)
RMSE, (mm d'T) 0.60 (1) 4.26 (2)
RMSEs (mm d-1) 0.41 (1) 2.14 (2)
EF 0.82(1) ~1.36 (2)
R 0.95 (1) 0.51 (2)
d 0.94 (1) 0.68 (2)
an (intercept) 1.75 (2) 1.62 (1)
b (slope) 0.79 (2) 1.07 (1)

The RMSE is criticized for being inappropriate and misinterpreted in
environmental and climate analyses (Willmott & Matsuura, 2005).
However, the RMSE and MAE results enrich the interpretation of the
evaluated models (Chai & Draxler, 2014). In this study, the MAE and
RMSE indicators agreed that the REEM presented a lower average error
(MAE = 0.55 and RMSE = -0.66, both in mm d-!) among the data. S42
confirms the high variability that the EEFlux had (3.14 mm) in predicting
the daily ETa compared to the REEM (0.44 mm). The bias indicator (MBE)
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agreed with the initial linear regression analysis as it showed a slight
underestimation of the REEM (-0.25 mm) in comparison with the higher
underestimation of the values predicted by the EEFlux (-1.79 mm).

The RMSEu results suggested that an unknown source's noise
promoted a poor EEFlux model's performance (4.26 mm). In contrast, the
same index showed a lower influence of unknown variables in the REEM
model (0.60 mm). EF index values close to 1 correspond to a model that
predicts values close to the observed data. If the index is less than O, the
mean observed data is a better predictor than the values estimated from
the ET model (Nash & Sutcliffe, 1970; Pushpalatha, Perrin, Moine, &
Andréassian, 2012). Therefore, according to the above, the REEM
(EF=0.82) had a higher performance than the EEFlux (EF= -1.36). The
statistical indicator of agreement "d" indicates the tendency of the
previous indexes by suggesting that the REEM (0.94) is a better predictor
of ETa than the EEFlux (0.68). The total E for the three models in the
agricultural reference season was compared using daily estimations. In
the REEM and EEFlux, a linear interpolation technique was used to
calculate the E between the seven available satellite images' dates. The
meteorological records of the aforementioned agroclimatic station were
used for the computation of the daily E-reference through the S-Penman
equation (Figure 6). The variability (SEE) was 3.2 and 3.4 mm day! for
REEM and EEFlux, respectively. The total E for S-Penman was 968 mm,
and 1 137 mm for REEM, with 752 mm for EEFlux, equivalent to 115.29,
135.35, and 752 hm3 of water, respectively.
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Figure 6. Seasonal evaporation comparison of RS models versus S-
Penman data from April 4, 2017, to September 14, 2017.

The residue analysis showed more considerable variability inthe low
ranges of E reference. Figure 7 displays an ET (out of the lake) and E
(over the lake) comparison map of the REEM and EEFlux from agricultural
fields and the Bustillos Lake (dated June 17, 2017).
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Figure 7. ET (crop fields) and evaporation (lake) comparison maps of

REEM and EEFlux models in the Cuauhtemoc Valley for June 17, 2017.

Data were retrieved from USGS LandsatLook Viewer (2019) and EEFlux
(2019).

The daily evaporation variability of the RS models and the value
measured in the season was high since the variation coefficient was 53.6
% for REEM and 55.7 % for EEFlux. The daily E variability between the
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RS models and the value measured in the season was high since the
variation coefficient was 53.6 % for REEM and 55.7 % for EEFlux.
Similarly, the REEM overestimated E by 17.4 % compared to reference
values, while EEFlux underestimated E by 22.3 % for the same period.
There were significant differences in the coefficients of variation in the
segment from May 16 to September 14 (135-256 DOY) when REEM
obtained 70 % and EEFlux 46 %. The differences between the predicted
and observed values were high because of the large gaps between the

acquired satellite images' dates.

Conclusions

Alternative methods to estimate water bodies' evaporation in endorheic
basins are very important to monitor the water balance and even more
where monitoring instrumentation is lacking. Therefore, knowing this
variable allows for establishing policies for rationed water use, promoting
the water system's balance and efficiency. Seven Landsat 8 images were
used during the agricultural cycle from April to September 2017, when

the REEM and EEFlux evapotranspiration models were compared with the
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reference ET to estimate the daily evaporation of the Bustillos Lake. ET
estimation methods by remote sensors are sensitive to variations in
weatherconditions. There are regions with significant differences between
observed and interpolated data in the interpolated grid of climatic
parameters. These regions are far from the interpolation source points,
and the physical-environmental conditions differ. Gridded data should
aggregate additional data source points where there are significant
variations of the climatic parameters. An anchor weather station can
improve the predictions of the evaporation of a water body, as observed
in the REEM model. The weather station's location is a determining factor
in the computation of the ET. In this study, an agroclimatic station located
4.5 km from the Bustillos Lake recorded weather conditions where the
prevailing winds (SW-NW) pass before reaching the lake, establishing the
physical conditions for water evaporation. The temporal resolution of the
satellite scenesis a determining factor for estimating the total E since the
gap between the dates of the images reduces data time uncertainty to
obtain accurate values and better performance of the RS models through

interpolation methods.
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