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Abstract

Understanding sugarcane water demand is important for planting planning, yield estimation, irrigation management, forecasting and
water resources management. The purpose of this study was to estimate the evapotranspiration of the variety RB985476 in 2nd. re-
grow, from August/2017 to September/2018, in a mechanized harvest area and with straw distribution over dystrophic red Latosolo,
through the SAFER algorithm, with two passive orbital image sensors: Landsat 8 and Sentinel 2. The results demonstrated that SAFER
better estimated ETc from Landsat 8 images and that remote sensing is not efficient for ETc estimation in phenological stages with
low plant coverage. The sensors show divergences in surface and albedo temperature estimates and no difference in NDVI estimation
was observed. The landsat 8 products are superior in evapotranspiration estimates when compared to the standards recommended
in this paper.

Keywords: Saccharum spp.; water demand; water requirement; remote sensing
Abbreviations: ETc_culture evapotranspiration, Alb_24 albedo in 24 hours; LST_surface temperature; NDVI_vegetation index of the

normalized red band difference.

Introduction

The cultivation of sugarcane in Brazil has been an important Evapotranspiration can be measured in situ using direct
commercial activity since the colonial period, and is still one methods for example lysimeters or evapotranspirometers,
of the most cultivated crops in the whole territory. The and using indirect methods for calculating water balance in
regions with the highest production are concentrated in the the soil and energy balance, but in both cases, the accuracy of
Southeast and Center-West (85% of the area and total these methodologies should be measured by region and
production), for the production of alcohol, sugar, and culture (Miranda et al.,, 2016; Paiva and Souza, 2016).
cogeneration of electric energy (Souza et al., 2018). Between the methods of energy balance, remote sensing has
In addition to the current prominence of the Brazilian been widely used to obtain the evapotranspiration of several
Midwest, this region presents a growing panorama of crops (Sales et al., 2016; 2018; Dias et al., 2019; Oliveira et al.,
sugarcane expansion. However, the expansion of sugarcane 2019; Sales et al., 2018).

in this region is limited by a significant water deficit compared For remote sensing evapotranspiration estimation, images
to the traditional sugarcane producing regions in the can be obtained by free orbital imaging sensors (satellites),
Southwest, and by the limited number of sugarcane varieties including: Landsat 8, Sentinel 2 and MODIS (Petropoulos,
adapted to this condition (Nocelli et al., 2017). 2013; Thenkabail, 2016); and algorithms are more common:
In this way, research agencies work on management SEBAL (Surface Energy Balance Algorithm for Land)
strategies to minimize the impact caused by regional (Bastiaanssen et al.,, 1998), METRIC (Mapping
differences in varieties imported from other regions (Reis et EvapoTranspiration at High Resolution using Internalized
al., 2014). Calibration) (Allen et al., 2007) and SAFER (Simple Algorithm
In the absence of information, the crops are grown in order for Evapotranspiration Retrieving) (Teixeira, 2010).

to ensure that the period of highest water deficit does not There are significant differences in estimates between
coincide with the stage of highest crop water demand (Ribeiro imaging sensors based on the development characteristics of
et al.,, 2015). In addition, knowing the water requirement, the satellites, being these different in spatial, spectral and
given the maximum crop evapotranspiration at each stage of radiometric resolution, and these differences affect the
its development, is also important in the use of simulation observation of the Earth's surface (Bezerra et al., 2018; Pardo-
models of productivity, and irrigation management, both for Pascual et al., 2018).

full irrigation and for supplementary irrigation (Collicchio et For the characterization of the surface, there are
al., 2015), besides being fundamental in the calculation of standardization techniques so that independently of the
irrigation project outflows and water resources management. sensors present different characteristics, they can represent

the object. However, corrections are not always sufficient for
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Figure 1. Seasonal variation of parameters used in the SAFER algorithm during the sugarcane cycle, for albedo in 24 hours (Alb_24)
for Landsat 8 (a) and Sentinel 2 (b), surface temperature (LST, °K) for Landsat 8 (c) and Sentinel 2 (d) and vegetation index of the
normalized red band difference (NDVI) for Landsat 8 (e) and Sentinel 2 (f).

this, because besides presenting radiometric and spectral
differences, the source of error may come from the spatial
difference in image between the sensors. For some
characteristics of the surface, the sensors present similar
estimates, since the variation is not significant, but already for
the detection of shades within the same phytophysiology,
satellites with larger spatial resolutions present more details
and allow the differentiation of objects through indexes or
highlights of reflectance (Amaral, 2009; Thenkabail, 2016).
Thus, the objective of this study was to verify the temporal
variation in the estimate of evapotranspiration of sugarcane
culture in Mato Grosso do Sul, through the SAFER algorithm,
with two passive orbital imaging sensors.

Results and Discussion

Satellite sensor products

The satellite images (Landsat 8 and Sentinel 2) demonstrated
that the more vegetation the plants have grown, the smaller
the reflectance values, as well as the higher the vegetation
indexes (NDVI) values were observed. For surface albedo,
sugarcane presented an average of 18.5% of total light
reflectance (Figures 1 a, b), concentrating in the canopy a
large part of the intercepted energy. For the beginning of the
cycle, plants in the beginning of re-growth with straw covered
soil, this value was higher (22%). Similar results were found
by Oliveira et al. (2015) and Moraes and Oliveira (2019), who
found a variation of 13 to 20% of the surface albedo, in the
phases of full development and initial phase respectively,
using MODIS Sensor (250x250 m).

For the temperature of vegetated surface, no oscillations
were observed in the normal distribution for Landsat 8, due
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to the spatial resolution being smaller than Sentinel 2, which
in turn presents higher oscillation, demonstrated both by the
temporal variation of the means and the amplitude of the
distribution by date (Figure 1 c, d). The Sentinel 2 has a pixel
of 10x10 m differing characteristics such as terraces, and
tipping spots, while the Landsat 8, with a resolution of 30x30
m does not identify these patterns.

The temperature values of the vegetated sugarcane surface
may indicate if there is physiological stress due to water
deficit (Trentin et al., 2011), where the comparison between
the increase in leaf temperature at the expense of air
temperature demonstrates moments of stress for the plant.
And for higher surface temperature values also correspond to
the time of low leaf area, contribution of straw and/or
exposed soil (Ramos, 2017).

The NDVI demonstrated the evolutionary behavior of the
crop, where from 100 days on, the crop showed total
coverage of the area, and maximum vegetative growth
(Figures 1 E and 1 F). The averages for the two sensors are
0.75, and for Sentinel 2, the variation was greater due to the
detection of the irregularity in the vegetated surface. Other
studies show that the use of images allows the modeling of
morphological aspects of the culture, demonstrating the
evolution of the leaf area (Pereira et al., 2016), while allowing
the correlation of NDVI with the physiological and nutritional
state of the culture (Alface et al., 2019)

Statistical agrometeorological components

The comparison of ETr/ETo results obtained via SAFER
algorithm, showed that in initial periods (90 days of
regrowth), with low expressivity of plants, it does not present
significant results (Figure 2). For the Landsat 8 satellite, the
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Figure 2. Comparison of the ETr/ETO versus the culture coefficient (Kc) proposed by FAO 56.
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Figure 3. (A) - Crop Evapotranspiration (ETc), Actual Evapotranspiration (ETr), Maximum Water Soil Storage Capacity (AWC max),

Critical Water Soil Storage Capacity (AWC crit) and Current Water Soil Storage Capacity (AWC actual). (B)

- Actual crop

evapotranspiration, current Landsat 8 Evapotranspiration and current Sentinel 2 Evapotranspiration in period without water

restriction.

Table 1. Statistical indexes for adjustment of values estimated by the SAFER algorithm using the Sentinel 2 and Landsat 8 satellite in
comparison to those expected by FAO 56 for the period without water restriction.

d R c
Sentinel 2
ETr/ETo 0.64 0.67 0.43
ETr 0.75 0.71 0.53
Landsat 8
ETr/ETo 0.90 0.96 0.86
ETr 0.87 0.94 0.82

Coefficient "c": >0.85 Good; 0.76 to 0.85 Very good; 0.66 to 0.75 Good; 0.61 to 0.65 Fair; 0.51 to 0.60 Acceptable; 0.41 to 0.50 Bad;

<0.40 Terrible.

ETr/ETo averages were close to the maximum expected in
periods without water restriction, being inferior due to the
area being dry, and the precipitation not being uniform during
the cycle. For Sentinel 2 the estimates were affected by the
surface temperature variation, making the estimates oscillate
both in the imaging date and temporally.

The calibration of parameters "a" and "b" of the algorithm is
fundamental for local estimation, as it affects the inclination
of the response surface of the NDVI variables, surface
temperature and albedo in the estimation of ETr/ETo.
Estimates with parameters 1 and -0.008 ("a" and "b")
respectively, point to a maximum ETr/ETo of 0.55, a value
much lower than the expected for the crop, therefore, an
underestimate (Feitosa et al., 2016), while 1.8 and -0.008 the
values are close to the expected maximum and in some cases
inferring a higher coefficient for phases of higher demand
(Silva et al., 2019).
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The estimation of actual crop evapotranspiration by the two
satellites presents moments of adjustment with the actual
evapotranspiration by the method of water balance in the
soil, and for the period of 60 to 220 days of re-growth (DAC)
there was significant rainfall for the maintenance of soil
moisture (Figure 3). For Landsat 8 the variation occurs in
lower intensity than for Sentinel 2, which in turn presents
underestimations in most of the cycle, and abrupt variations
with overestimations at different times.

The algorithm presented an adjustment for the
evapotranspiration estimation for both rainy and dry periods,
as long as the plant is established (Teixeira et al., 2016). While
the impact of the estimation of the variable "surface
temperature" has a relation to the pixel size, causing
disuniformity of the estimates when considered long cycle



and passive bedding cultures, or due to radiometric
difference of the imaging sensors (Silva et al., 2019).

The calculated statistical indices demonstrate the temporal
dispersion of ETr/ETo and ETr estimates compared to the FAO
standard  of  culture coefficient and  potential
evapotranspiration by Penman-Monteith (Table 1). The
adjustment coefficients for Landsat 8 are higher than Sentinel
2, and for Wilmott dispersion is 26% and 12% (ETr/ETo and
ETr) more accurate, for Pearson correlation is very strong for
Landsat 8 and moderate to strong for Sentinel 2, Landsat 8
has over 29% and 23% (ETr/ETo and ETr) more precision than
Sentinel 2, and the concordance rate for Landsat 8 classified
as very good and great, and for Sentinel 2 as bad to
acceptable.

The superiority of the Landsat 8 adjustment can be due to the
radiometric differences of the sensors, and the presence of
thermal band in its constitution, while Sentinel 2 uses
temperature estimation by the residual method of the image.
Adjustments of the coefficients "a" and "b" of the algorithm
considering the local characteristics, and the study material
can increase the accuracy of the estimates.

Materials and methods

Conduction of study and experimental design

The study was carried out in an 11 hectare commercial
sugarcane field, in second cut cultivation, with the variety
RB985476, at 1.5 m spacing between lines, with subsequent
harvest of the cana-plant. A mechanized harvester with a
spreading device of straw was used, located in the
municipality of Juti-MS (22° 51' 18.0" S; 54° 40' 00.6" O).
According to Kdppen, the climate in the region is of the Cfa
type, a sub-tropical climate with hot temperatures in
summer, and average annual precipitation of 1500 mm. It
shows a change in temperatures due to altitude and
transition zones between geographical formations, with the
possibility of frost in the colder months (Alvares et al., 2013).
The soil of the region is predominantly Red Latosol Distréfico
(93%), containing small areas with presence of Quartz
Neosols (5%).

Orbital and agrometrological series data

The data collection of the orbital sensors was carried out from
August/2017 to September/2018, finishing with the harvest
of the first cycle of crop regrowth in September 2018.

The meteorological data were obtained from NASA/POWER
database. From these, it was realized the hydric balance of
the culture, using the methodology proposed by
Thornthwhaite and Mather (Pereira, 2005). Reference
evapotranspiration (ETo) was obtained using the Penman-
Monteith-FAO method (Allen et al., 1998). According to Negm
et al. (2018), the data obtained via remote sensing are
assertive for modeling the energy flux and gas exchange in
agriculture, using different models for obtaining
evapotranspiration.

The multispectral images of the area were acquired at the
USGS Explorer/NASA portal, where only scenes without cloud
interference in the region were selected, thus reducing the
possibility of shading. For the Sentinel 2 satellite images, the
images already have atmospheric reflectance corrections,
and for the use of algorithms were redesigned for the WGS 84
datum, in geographic coordinates, and the files formed the
base date for the generation of evapotranspiration products,
reflectance, energy flow and vegetation elements. For the
base date of the Landsat 8 satellite the transformation of the
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available images was performed, and for temporal data
comparison the conversion of DN (digital number) into
absolute reflectance was performed, called Reflectance at the
top of the atmosphere (TOA) of the observed scene, where
the equation provided by the USGS explorer (Eqg. [1]) was
used:

pA' = Mp=*Qcal + Ap [1]

Where: pA' is the reflectance at the top of the atmosphere
without correction of the solar angle, Mp the multiplicative
scaling factor of the reflectance for the band used, Qcal the
digital number of the pixel in the band used, Ap the additive
scaling factor of reflectance for the band used.

The values for equation 1, were found in the metadata that
make up the package provided by the catalog and, due to the
location of the study area is inclined to the path of the sun for
much of the period, with the balance of variable solar
radiation, the correction of solar slope was made on the dates

of evaluation (Eq.[2]):
A7
A= sei(e) [2]

Where: pA: reflectance at the top of the atmosphere
corrected, pA': reflectance at the top of the atmosphere
without correction of the solar angle, 0: solar elevation angle.
After the treatment of the images, it was proceeded the
determination of the reflective characteristics of the culture,
where for this were calculated the albedo of the surface in the
top of the atmosphere, vegetation index by normalized
difference in the red band (NDVI), balance of radiation and
temperature of the surface, being thus possible the
implementation of the algorithm SAFER (Simple Algorithm for
Evapotranspiration Retrieving), which made possible the
determination of the instantaneous evapotranspiration of the

culture (Eq.[3]):
ET

T,
a5 = e [a+b ()] 3]
Where: In what: ET: instantaneous evapotranspiration (mm),
ETo: reference evapotranspiration (mm), a and b;:
adjustment coefficients (1.8 and -0.008, respectively)
proposed by (TEIXEIRA et al., 2016), TO: surface temperature
(°K), «0: surface albedo at the top of the atmosphere, NDVI:
vegetation index by normalized difference in the red band.
In addition, reference evapotranspiration values, obtained on
the imaging date, calculated by the Penman- Monteith-FAO
equation (Allen et al, 1998), are inserted to obtain
instantaneous evapotranspiration (Eq.[4]):

ETc = g5 % ET0 [4]

Where: ETc: crop evapotranspiration (mm)

In assessing the estimated data, they were compared by the
maximum expected value in the observation phases for the
crop according to FAO bulletin 56, being determined the
evapotranspirations of sugarcane crop through equation
(Eq.[5]):

ETc = ETO x kc [5]

Where: kc: coefficient of culture 0.45 for initial phases (35
days); 1.25 for full development (+295 days); 0.75 for
maturation phase (+60 days))

The data obtained were evaluated as to dispersion by means
of exploratory analysis with descriptive statistics for the
determination of the estimated properties for sugarcane,
being: correlation coefficient "r" of Pearson (Eq.[6]), index of
concordance "d" of Willmott et al. (1985) (Eq.[7]), and

confidence coefficient "c" (Sentelhas et al.,, 1997)
= Z(xi-x)(yi-y)

(EQ- 81 = ol i (6]

d=1 2yi-xi [7]

" 3 (lyix|+ | xi%] )2



c=r-d [8]

Where: Xi: observed evapotranspiration, B:average of
observed evapotranspiration, Yi: estimated
evapotranspiration, and [: average of observed

evapotranspiration.
Conclusions

The SAFER algorithm in general presents correlation,
adjustment and superior reliability for the Landsat 8 satellite
in relation to the Sentinel 2, in the estimation of sugarcane
evapotranspiration, when compared with that established by
FAO for periods without water restriction. Periods of low
plant coverage do not offer adjustment of the estimates of
evapotranspiration, requiring greater attention in this period.
The sensors present divergences for the estimation of the
algorithm input variables, being in higher order of difference
for surface temperature, lower for albedo inferring different
evapotranspirations. There is no significant difference in
NDVI. Factors such as surfaces coverage and water restriction

may interfere with the quality of evapotranspiration
measurement through orbital sensors and the SAFER
algorithm.
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