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Abstract: The capabilities of images and products obtained by four satellite sensors with different
spatial and temporal resolutions (LANDSAT 8, ASTER, MODIS and SENTINEL 3) were analyzed as
inputs for the calculation of the reference crop evapotranspiration (ETo). The FAO Penman-Monteith
equation was: (a) used in a traditional way, to calculate local values of ETo using data recorded in
the existing meteorological stations in the study area; and (b) applied to estimate the regional ETo
using the images and products obtained through remote sensing. The capabilities of the satellite
products selected were evaluated by means of cross-validation, comparing the values obtained by the
meteorological stations to the corresponding values extracted from the regional evapotranspiration
maps. The coefficient of determination (R?), the Nash-Sutcliffe efficiency (NSE) and the root mean
square error (RMSE) were calculated. The results of the study show that there is a direct correlation
between the spatial resolution and the accuracy of the ETo estimates, the products of LANDSAT
8 being those that reached the greatest accuracy. Nevertheless, for continuous ETo monitoring,
SENTINEL 3 is preferred.
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1. Introduction

The spatial and temporal variation of evapotranspiration has great importance for
hydrological, environmental, forestry and agricultural applications. Evapotranspiration
(ET) represents the loss of water from a surface through the simultaneous processes of
evaporation and transpiration [1]. ET is generally measured using ground-based instru-
ments, such as lysimeters, tank evaporators, or eddy covariance systems. However, ground
measurements have limited ability to provide representative values because measurement
network densities tend to be low [2], reducing their practical applicability. In contrast, the
application of indirect methods based on empirical and semi-empirical equations that use
meteorological data present greater relevance. Widely accepted methodologies include
those proposed by Thornwaite and Mather; Turc, Blanney and Criddle; and Penman and
Monteith [3].

Reference crop evapotranspiration (ETo) is defined as the rate of evapotranspiration
from a hypothetical reference crop with an assumed crop height of 0.12m, a fixed daily
canopy resistance of 70s m—1 and an albedo of 0.23, closely resembling the evaporation
from an extensive surface of green grass cover of uniform height, actively growing and
adequately watered [4].

ETo depends on the characteristics of the soil and vegetation, so it can present notable
spatial variation. However, the direct and indirect methods have limitations in representing
this variation because they are not spatially distributed.

ETo is usually calculated by applying the FAO Penman-Monteith equation, which
requires information on temperature, solar radiation, wind speed and relative humidity.
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These variables are usually recorded through meteorological station networks. However, in
the Andes, these networks lack sufficient density and the necessary instruments to record
all required parameters. To compensate for this, remote sensing strategies for monitoring
and studying ETo at different spatial and temporal scales have been used for several
decades [5-11], showing that it is possible to determine ETo in large areas by applying
techniques based on remote sensing even where climate data are not available.

Methodologies for calculating ET using remote sensing data can be grouped into the
following categories: (a) surface energy balance methods [12-15], (b) surface tempera-
ture and vegetation index methods [16-19], (c) methods based on the Penman—-Monteith
equation [20-22], (d) methods based on the Priestley-Taylor equation [23,24], (e) empirical
methods [25] and (f) water balance-based methods [26,27].

Currently there are different kinds of satellite data, with various spatial, temporal
and radiometric resolutions, applicable for the calculation of ETo. Satellite images are an
excellent source for constant and frequent observation of the Earth’s surface in near real
time [28]. In this work, the images and products obtained by remote sensing were analyzed
to evaluate their potential for calculation of the reference crop evapotranspiration in an
Andean zone in Ecuador.

2. Materials and Methods
2.1. Study Area

The study area is located in the province of Loja (Ecuador) between the coordi-
nate points 79°13/29.8”W, 03°55'35.9”'S and 79°12'08.8"W, 04°08'16.4”S. The city of Loja
(240,000 inhabitants) is located in the valley, surrounded by large areas of forest and grass-
land. The valley is limited by the eastern and western branches of the Andes mountain
range. The study area has an altitude range of 2102 to 3400 m [29]. Its climate is sub-humid
equatorial temperate, with an average temperature of 16.6 °C and an average annual rain-
fall of 909 mm, presenting a dry season between May and November and a rainy season
between December and April [30]. The location of the study area is presented in Figure 1.

-79° 150" -79°12°0" -79°9°0"

=420I0% 3057°Q" -3054°Q"

-4° 30"

-79° 150"

«  Weather
Stations
/N Rivers
Loja City

Figure 1. Location of study area.
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2.2. The Penman—Monteith Equation

The FAO Penman-Monteith equation [4] is the most widely used equation for the
estimation of the reference crop evapotranspiration. The FAO Penman-Monteith equation
may be expressed as:

0.408A(Ry — G) + 19555 Ua (es — ea)

ETo = 1
© A+ (1 +0.34l5) @)

where ETo is the reference evapotranspiration (mm d 1), T is the daily air temperature at
2 m height (°C), A is the slope of the vapor pressure curve (kPa °C~1), 7y is the psychrometric
constant (kPa °C™1), (es — e,) is the saturation vapor pressure deficit (kPa), R, is the net
radiation flux on the crop surface (Mj m? day ~'), G is the sensible heat flux into the soil
(Mjm? d~1) and Uj is the wind speed at 2 m above ground (m s~ ).

The FAO Penman-Monteith equation is used in this work with two different ap-
proaches: (a) to calculate the ETo in a traditional way, using data recorded in the meteoro-
logical stations available in the study area and (b) to estimate the regional ETo using images
and products obtained by remote sensing. The values calculated at the meteorological
stations were used to validate the results obtained using satellite data.

2.3. Information Collected

Three image sets from the LANDSAT 8 Operational Land Imager (OLI) Thermal In-
frared Sensor (TIRS), two image sets from the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) and six product sets from the Moderate Resolution Imaging
Spectroradiometer (MODIS) and Land Surface Temperature and Emissivity (MOD11)—
Vegetation Indices (MOD13) were collected for the study area from the USGS EarthExplorer
server [31]. Additionally, four image sets from the SENTINEL 3 Ocean and Land Color
Instrument (OLCI) Sea and Land Surface Temperature Radiometer (SLSTR) were obtained
from the ESA Copernicus portal [32]. Their acquisition dates, spectral bands and spatial
resolutions are listed in Table 1.

Table 1. Satellite products considered.

Resoluti Satellite Data
esolution LANDSAT 8 SENTINEL 3 ASTER MODIS.
Radiometric (bits) 16 - 8-16 12
30 (Coastal/ Aerosol) 1- 15 (VNIR) 250 (B1-2 B3-7
Spatial (m) 30 (B,G,R NIR,SWIR) ?880(%57?568)) 30 (SWIR) 20 (81 ()13589(3)(6)3 )
100 (TIR) 90 (TIR)
Spectral (bands) 11 n ((SOLEEIF)) 14 36
2 (SLSTR
Temporal (days) 16 1 ((SO[S,CI)) 16 1
17 January 2017
7 May 2017 13 February 2017
7 January 2017 24 June 2017 7 Ma n
I y 2017 29 March 17
Acquisition dates 2012 ﬁ‘tlf;sbtef%z 14 Tuly 2017 24 June 2017 14 July 2017
P 20 September 2017 14 August 2017
19 September 2017

LANDGSAT 8 and ASTER images were atmospherically and topographically corrected
using the Atmospheric/Topographic Correction for Mountainous Terrain (ATCOR) soft-
ware developed by the German Aerospace Center, Wessling, Germany [33]. MODIS and
SENTINEL 3 data do not require such corrections. All images in Table 1 are geometrically
matched to each other.
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2.4. Calculation of ETo Using Meteorological Data

There are five Davis Vantage Pro weather stations in the study area. These stations are
part of a network owned by Universidad Técnica Particular de Loja (Table 2), which collects
information on maximum, minimum and average air temperatures (T,); relative humidity
(HR); wind speed (U5); and shortwave solar radiation (R;) with a temporal resolution of
10 min.

Table 2. Weather stations in the study area.

Station Longitude Latitude Elevation (masl)
Militar 79°13'03.1"W 03°56'52.6"'S 2033
Jipiro 79°11'23.5"W 03°5815.7"'S 2218
Tecnico 79°14/59.6''W 03°59'14.9"'S 2377
Ventanas 79°14'46.0"W 04°01'18.9"’S 2816
Villonaco 79°16'09.9"W 03°59'10.6'S 2952

Equation (1) was applied to calculate the daily reference crop evapotranspiration using
the recorded variables. Further details on the calculation of ETo can be found in [4,34].

2.5. Calculation of ETo Using Remote Sensing Data

For LANDSAT 8 and ASTER, the surface temperature (Ts) was calculated by applying
the following equation [35]:
Ty

- 1+ (ATXT”> xIn(e)

where T; is the surface temperature (K), T} is the brightness temperature (K), A is the
effective wavelength of the thermal band (um), « = hc/ 0(1.438 x 1072 mK), his Planck’s
constant (6.626 x 10734 J s71), c is the speed of light (2.998 x 10® m s~1), ¢ is the Stefan
Boltzmann constant (1.38 x 10723 JK~!) and ¢ is the surface emissivity.

The emissivity was estimated using the following equation [36]:

Ts ()

e = eyPV + 5SU(1 — PV) 3)

where ¢ is the emissivity of the surface, ey is the emissivity of the vegetation (0.985), esy
is the emissivity of the soil (0.960) and PV is the vegetation proportion, which can be
determined by the following equation [37]:

) 2
— ( NDVI — NDV1I,;, > @

NDVIyngx - NDVImzn

where NDVI,,x and NDVI,,;,, are the maximum and minimum values of the normalized
difference vegetation index.

Band 9 of the images obtained by the SLSTR sensor was used for SENTINEL 3. In the
case of MODIS, the temperature maps were obtained from the MOD11A1 product.

The air temperature (T,) was calculated using multiple regression equations, applying
the methodology proposed by [38]. The independent variables considered were the soil
temperature (T) (calculated with Equation (2)) and the elevation (z) extracted from a
30 m resolution DEM that was downloaded from the Alaska Satellite Facility Distributed
Active Archive Center (ASF DAAC). The Ta values registered in the existing meteorological
stations in the study area (Table 2) were considered as dependent variables.

The instantaneous net radiation was calculated by applying the following equa-
tion [39]:

Ryi = 0.77Rs| +0.98 (Rl L — UTS4) )
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where R,; is the instantaneous net surface radiation (w m~2), Rs | is the incoming shortwave
solar radiation (w m~?2), T is the surface temperature (K) and ¢ is the Stefan Boltzmann
constant (5.67 x 1078 Wm™2K™%).

To determine the daily net radiation R,,;, the equation from [7] was used:

Rug = CyRy; (6)

(1—a)Rsyq+¢(Rly — 0Teg*)
(1- DC)RSu + E(Rlu — O'Tsi4)

q= @)
where Rs; is the daily incoming shortwave solar radiation (W m~2), Rs Ji is the instan-
taneous incoming shortwave solar radiation (W m~2), RI 14 is the daily instantaneous
downward longwave radiation (w m~2), Rl 1i is the instantaneous downward longwave
radiation (w m~2), Ty, is the daily surface temperature (K), T; is the instantaneous surface
temperature (K), « is the albedo and ¢ is the emissivity.

Albedo (x) was determined using the following equation [7]:

1
n= E(PRED + PNIR) 8)

where prep and pnjr are, respectively, the RED and NIR reflectances.
Rs|4 and Rs|; were calculated using information recorded at weather stations. The
descending longwave radiation Rl|; was estimated using the following equation [2,40]:

1

7
Rl = 1.24(‘”"“) oT,t )

T,
_ (7275825 (HR
e, =6.108¢ 100 (10)
where ¢, is the actual vapor pressure (HPa), and T, is the air temperature (K).
The soil heat flux was calculated using the following equation [41]:
Ts —273.1

G= <(0.0038¢x + 0.0074042> (1 - 0.98NDV14) (S‘x35)) Rnd 11)

Equation (1) was applied to calculate the regional ETo using the results obtained from
the remote sensing products described in this section; wind speed, radiation and relative
humidity data, recorded at the meteorological stations, were spatialized using the ordinary
Kriging interpolation method [29,41] through the use of geographic information systems
(GISs). Kriging is a method that originates in geological and mining applications that
assumes there is a non-random relationship between the points that changes spatially. The
geostatistical interpolation consists in making an optimal prediction of field values in a place
where no data is available by using known data to elaborate a field variogram (covariance),
thus providing a prediction and its error considering certain weighting factors [42]

The data to be interpolated were adjusted satisfactorily to a normal distribution,
observing the existence of a second-order trend. With these considerations, it was decided
to perform an ordinary Kriging interpolation without any transformation, with second-
order trend removal and adjustment of a spherical semivariogram, which, according to [43],
should have been adequate due to the nature of the data.

2.6. Product Evaluation

The results obtained using the data from LANDSAT 8, SENTINEL 3, ASTER and
MODIS were evaluated through cross-validation. The ETo was calculated at a regional
scale for each selected date, leaving one station at a time out of the calculations. The point
value corresponding to the spatial location of the station not considered was extracted
to relate it to the one calculated in the traditional way. The coefficient of determination
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(R?), the Nash-Sutcliffe efficiency (NSE) and the root mean square error (RMSE) [41] were
calculated to quantitatively assess the accuracy of the ETo estimates.

3. Results and Discussion

An inverse relationship exists between the elevation above sea level (z) and the air
temperature, as can be observed in the regression equations for each date considered
(Table 3). On the other hand, a more variable relationship between air temperature and
ground temperature (Ts) can also be observed, which was produced by the particular
conditions of the moment of observation.

Table 3. Multiple regression equations to calculate T,.

Date Sensor Equation to Calculate T, (°C)

7 January 2017 LANDSAT 8 T, =31.901 — 0.00786z + 0.0893Ts
17 January 2017 MODIS T, =79.961 — 0.01546z — 1.1131T;
13 February 2017 MODIS T, =27.239 — 0.00675z + 0.1313T
29 March 2017 MODIS T, =38.777 — 0.008317z — 0.133T;

7 May 2017 ASTER T, = 28.963 — 0.00585z + 0.01104T
SENTINEL 3 T, = 34.6518 — 0.00733z — 0.1604T

24 June 2017 ASTER Ty =28.991 — 0.00663z + 0.05198T
SENTINEL 3 T, =21.7586 — 0.00625z + 0.3755T

14 July 2017 SENTINEL 3 T, =31.7595 — 0.00771z + 0.0356T
MODIS T, =30.696 — 0.00723z + 0.0220Ts

14 August 2017 MODIS T, =40.953 — 0.00875z — 0.2319T;

19 August 2017 LANDSAT 8 T, =25.822 — 0.00414z — 0.0000201T

19 September 2017 MODIS T, =8.785 — 0.004197z — 0.5991T;
20 September 2017 LANDSAT 8 T, =34.122 — 0.00837z + 0.0667T
SENTINEL 3 T, =31.288 — 0.00783z + 0.1384T

High variability was observed in the ETo values (Table 4), which was attributed to the
influence of local conditions caused by the presence of marked altitude differences that lead
to differences in temperature, wind speed, incident radiation, etc., causing low uniformity
in the ETo values.

Table 4. ETo values for the selected dates at the existing stations in the study area.

Date Militar Jipiro Tecnico Ventanas Villonaco
7 January 2017 2.80 1.52 2.00 0.90 5.94
17 January 2017 3.54 3.77 423 0.40 3.15
13 February 2017 3.86 3.72 3.08 4.07 3.55
29 March 2017 2.46 3.00 2.94 1.98 3.05
7 May 2017 1.91 2.28 293 1.74 4.56
24 June 2017 2.74 3.23 2.44 297 5.15
14 July 2017 2.06 3.21 3.31 3.20 4.86
14 August 2017 3.45 3.63 3.49 3.36 4.85
19 August 2017 2.61 2.90 3.07 3.31 3.07
19 September 2017 3.73 4.00 3.79 2.80 2.75
20 September 2017 3.84 4.70 4.09 3.59 3.43

Additionally, no seasonal behavior was observed in the study area. This was because
it is located on the equator, in an inter-Andean valley influenced by the climatic regime
of the Pacific Ocean (wet season from December to April) and the climatic regime of the
Amazonia (humid almost all year round), with average temperature fluctuations of no
more than 2 °C. This produces uniform climatic conditions to some extent throughout the
year [30].
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Some examples of the surface temperature calculated using the products obtained by
remote sensing are shown in Figure 2. The influence of the spatial resolution of the images
can be observed, with the LANDSAT results being the most detailed. On the other hand,
the spatial distribution of the temperature shows that the highest values of Ts were at the
lowest elevations (in the valley of the study area) where the city of Loja is located. The
surrounding areas of the city are covered by vegetation and present a higher albedo than
the valley, consequently registering a lower surface temperature. The valley is surrounded
by mountains, so the lowest Ts values are recorded in the periphery of the study area.
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Figure 2. Surface temperature (°C) for the different satellite products.

Similar behavior was observed in the air temperature maps presented in Figure 3,
where the distribution of Ta is more uniform. Additionally, the inverse proportionality
between the elevation and Ta can be observed.
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Figure 3. Air temperature (°C) for the different satellite products.
The spatial variation of the net radiation is presented in Figure 4. The highest values

are located in the areas with the highest elevation, which are covered by forests in good
condition. The spatial variability of the ETo is high (Figure 5) due to the variable conditions

of temperature, net radiation, wind speed, etc.
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Figure 5. Maps of ETo (mm day—!) for the different satellite products.

The ETo values for the selected dates at the existing stations in the study area calculated
using remote sensing data (Table 5) are similar to those presented in Table 4. On the dates
in which information from two sensors is available, it is possible to see values that have a
certain similarity, with the exception of 5 July 2017, in which the values calculated using
ASTER and MODIS data present much greater differences. This may have originated in the
spatial resolution of the sensors, since MODIS presents larger pixels in contrast to ASTER,
which has a better level of detail thanks to its better spatial resolution.

Table 5. ETo values for the selected dates at the existing stations in the study area calculated using

remote sensing data.

Date Sensor Militar Jipiro Tecnico  Ventanas Villonaco
7 January 2017 LANDSAT 2.56 1.67 2.20 1.00 5.99
17 January 2017 MODIS 2.78 3.11 3.06 0.37 2.70
13 February 2017 MODIS 3.45 3.37 2.47 3.37 2.96
29 March 2017 MODIS 2.25 2.88 2.44 1.75 3.05
7 May 2017 ASTER 2.01 2.02 2.04 1.56 4.53
SENTINEL 3 1.99 1.50 2.54 1.35 421
24 June 2017 ASTER 2.65 3.15 2.00 3.09 5.19
SENTINEL 3 2.87 2.95 2.28 2.73 4.68
14 July 2017 SENTINEL 3 2.85 3.12 3.11 3.09 4.56
MODIS 2.27 3.35 2.96 3.01 4.86
14 August 2017 MODIS 3.37 3.65 3.01 3.03 4.80
19 August 2017 LANDSAT 2.33 2.80 2.63 3.32 3.08
19 September 2017 MODIS 3.24 3.53 2.95 2.26 2.75
20 September 2017 ~ LANDSAT 3.46 4.61 3.52 3.49 3.57
SENTINEL 3 3.65 423 3.50 3.10 3.43
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The absolute values of the differences between the ETo calculated with station data
and the ETo calculated with remote sensing data are presented in Table 6. On the days in
which MODIS data were used, a greater absolute values for the differences were observed,
reaching a maximum mean value of 0.61 mm with a standard deviation of 0.42 mm
(01/17/17). Differences were observed for the dates in which LANDSAT 8 and ASTER data
were used with values of 0.15 mm and deviations of 0.08 mm and 0.16 mm.

Table 6. Absolute values of differences between ETo calculated with station data and ETo calculated
with remote sensing data.

Date Sensor Militar Jipiro Tecnico  Ventanas Villonaco AVG STD
7 January 2017 LANDSAT 8 0.24 0.15 0.20 0.10 0.05 0.15 0.08
17 January 2017 MODIS 0.76 0.66 1.17 0.03 0.45 0.61 0.42
13 February 2017 MODIS 0.41 0.35 0.61 0.70 0.59 0.53 0.15
29 March 2017 MODIS 0.21 0.12 0.50 0.23 0.00 0.21 0.18
7 May 2017 ASTER 0.10 0.26 0.89 0.18 0.03 0.29 0.35
SENTINEL 3 0.08 0.78 0.39 0.39 0.35 0.40 0.25
24 June 2017 ASTER 0.09 0.08 0.44 0.12 0.04 0.15 0.16
SENTINEL 3 0.13 0.28 0.16 0.24 0.47 0.26 0.13
14 July 2017 SENTINEL 3 0.79 0.09 0.20 0.11 0.30 0.30 0.29
MODIS 0.21 0.14 0.35 0.19 0.00 0.18 0.13
14 August 2017 MODIS 0.08 0.02 0.48 0.33 0.05 0.19 0.20
19 August 2017 LANDSAT 8 0.28 0.10 0.44 0.01 0.01 0.17 0.19
19 September 2017 MODIS 0.49 0.47 0.84 0.54 - 0.59 0.17
20 September 2017 LANDSAT 8 0.38 0.09 0.57 0.10 - 0.29 0.23
SENTINEL 3 0.19 0.47 0.59 0.49 - 0.44 0.17

AVG 0.30 0.27 0.52 0.25 0.20

STD 0.23 0.05 0.08 0.04 0.05

The smallest values of the average and standard deviation, were observed in the
Villonaco station (Table 7), in which, again, LANDSAT 8 and ASTER showed lower average
values—0.02 mm and 0.03 mm, respectively—while the average values obtained by Sentinel
3 and MODIS were significantly higher (0.28 mm and 0.18 mm, respectively). The resolution
of each sensor could cause the difference between these values.

Table 7. Average and standard deviation of the absolute values of the differences between ETo
calculated with station data and ETo calculated with remotely sensed data (Table 6), by sensor
and station.

Sensor Parameter Militar Jipiro Tecnico  Ventanas Villonaco
LANDSAT 8 Average 0.30 0.11 0.40 0.07 0.02
STD 0.07 0.03 0.19 0.05 0.03
ASTER Average 0.10 0.17 0.67 0.15 0.03
STD 0.01 0.13 0.32 0.04 0.01
SENTINEL 3 Average 0.30 0.41 0.34 0.31 0.28
STD 0.33 0.29 0.20 0.17 0.09
MODIS Average 0.36 0.29 0.66 0.34 0.18
STD 0.25 0.24 0.30 0.25 0.28

The comparison between the remote sensing data ETo and the station data ETo
(Figure 6) presented a good fit, especially when data from LANDSAT 8 and ASTER were
used. On the other hand, a large dispersion was observed for the results obtained with
MODIS; the detail level of the satellite images and products is decisive.
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Figure 6. Comparison between remote sensing data ETo and the station data ETo.

All validation parameters for the ETo estimates (R?, NSE and RMSE) obtained from
satellite products were in very satisfactory ranges (Table 8). ASTER and LANDSAT 8
products presented the best results, which can be attributed to their good spatial resolution.
This also occurred with the other products, the precision of which decreased as their spatial
resolution decreased. The effect of resolution was notable since the radiometric response
for the same portion of the territory differs depending on the size of the pixel. This is
because, with larger pixels, greater numbers of land covers will be considered to average
the information, which causes a decrease in the precision of the ETo estimates.

Table 8. Validation parameters.

Sensor NSE R2? RMSE
LANDSAT 8 0.994 0.968 0.060

ASTER 0.988 0.938 0.067
SENTINEL 3 0.985 0.894 0.110

MODIS 0.979 0.865 0.160

In contrast to this, the temporal resolutions of SENTINEL 3 and MODIS are sig-
nificantly higher than those of LANDSAT 8 and ASTER (see Table 1). This implies the
availability of a greater number of images. Although the accuracy obtained by SENTINEL
3 and MODIS was lower than that obtained by LANDSAT 8 and ASTER (see Table 8), their
resolution is acceptable and, therefore, they constitute an important alternative in cases
where permanent monitoring of the ETo is required or in areas characterized by frequent
cloud cover.

4. Conclusions

The results show that the precision of the calculations is proportional to the spa-
tial resolution. Higher spatial resolutions reach close-to-optimum values for the coeffi-
cient of determination (R?), Nash-Sutcliffe efficiency (NSE) and root mean square error
(RMSE). This translates into very satisfactory ETo estimates when using LANDSAT 8 and
ASTER products.

The temporal resolutions of MODIS and SENTINEL 3 products is significantly higher
than those of the LANDSAT 8 and ASTER products. Therefore, although the precision of
ETo estimations using MODIS and SENTINEL 3 is lower than that obtained with LANDSAT
8 and MODIS, they can be used in applications that require continuous monitoring of ETo.
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Finally, LANDSAT 8 sensor products result in greater precision in ETo estimations,
while SENTINEL 3 products constitute the best alternative if continuous monitoring of ETo
is preferred over precision.

Although several of the parameters required by the Penman-Monteith equation can
be estimated through remote sensing, data measured at meteorological stations are still
required to estimate ETo accurately. This could limit the application of the proposed
methodology in places where meteorological networks have little coverage. Future works
could focus on the estimation of these parameters based on remote sensing in order to
reduce dependence on data measured in the field. Furthermore, exploring the applicability
of different methodologies for calculating ETo through remote sensing could be relevant.
Finally, the study of the relationship between the regional ETo, the climatic variations and
the multi-temporal change of land use/cover could potentially contribute to understand-
ings of the implications of climate change in a given territory, assisting in the definition of
possible scenarios and outlining adaptation actions.
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