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Automation of choosing hot and cold pixels process in the estimate
of the sensitive heat flow and evapotranspiration

Characterize accurately and accurate evapotranspiration (ET) on a global scale has been one of the major determinant challenges in terrestrial ecosystem studies,
climate dynamics and hydrological cycle. The goal in this study was to evaluate methodologies presented in the literature proposing a new methodology and
automation in the process of selection of hot and cold pixels to need the sensible heat flux H and ET. The study was conducted in four different locations in the
state of Mato Grosso, Brazil. And two areas of forest and two formed by pasture. For the H automation process we used the proposed Bastiaanssen et al. (1998a),
Gao et al. (2011), and other vegetation using different levels of the literature suggests. The automation of the selection of hot and cold pixels process was successful,
showing correlations above 0.83 for the estimates of H and 0.75 for estimates of ET. The identification of hot and cold pixels using the methodology by similarity
of neighboring pixels using the average of pixels showed the highest correlations to the H in the study areas. LAl had the best indicator in the automated
identification of hot and cold pixels to estimate the daily evapotranspiration (ET24h).

Keywords: Automation; Sensible Heat Flux; Remote Sensing.

Automacdo do processo de escolha de pixels quentes e frios na
estimativa do fluxo de calor sensivel e evapotranspira¢do

Caracterizar com precisdo e exatiddo a evapotranspiragdo (ET) em escala global tem sido um dos maiores desafios determinantes nos estudos de ecossistemas
terrestres, dindmica climatica e ciclo hidroldgico. O objetivo neste estudo foi avaliar metodologias apresentadas na literatura propondo uma nova metodologia e
automagdo no processo de selegdo de pixels quentes e frios que necessitam do fluxo de calor sensivel H e ET. O estudo foi realizado em quatro locais diferentes
do estado de Mato Grosso, Brasil. E duas dreas de mata e duas formadas por pastagem. Para o processo de automagao H utilizamos a proposta de Bastiaanssen et
al. (1998a), Gao et al. (2011), e outra vegetagdo usando diferentes niveis da literatura sugere. A automagdo do processo de selegdo de pixels quentes e frios foi
bem sucedida, apresentando correlagdes acima de 0,83 para as estimativas de H e 0,75 para as estimativas de ET. A identificagdo de pixels quentes e frios utilizando
a metodologia por similaridade de pixels vizinhos utilizando a média de pixels apresentou as maiores correlagdes com o H nas areas de estudo. O LAl apresentou
o melhor indicador na identificagdo automatizada de pixels quentes e frios para estimar a evapotranspiragdo diaria (ET24h).

Palavras-chave: Automacdo; Fluxo de calor sensivel; Sensoriamento remoto.
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INTRODUCTION

The Earth’s water cycle influences several aspects over climate changes, meteorology, vegetable
communities’ dynamics (VOROSMARTY et al., 1998; ZHAO et al., 2010). The water requirement to agricultural
production increases a long of the world and press investment in water’s supply infrastructure
(VOROSMARTY et al., 2010). Additionally, it has consequence on the water shortage and on the economy,
which lead to develop a sustainable use of water (UN-WATER, 2008). In order to understand the water, use
on agriculture, the evapotranspiration (ET) is an excellent indicator (LEIVAS et al., 2011).

The ET represents 60% of the surface water loses to the atmosphere, becoming the biggest
hydrological component in global scale (MU et al., 2011). Furthermore, the ET uses more than a half of the
available solar energy on the earth (RUHOFF et al., 2012). The precise and accurate ET characterization in
global scale is one of the biggest challenges of the terrestrial ecosystems, climate and hydrological cycle
researches (ALLEN et al., 2011). On the one hand, the precise local ET can be estimated by
micrometeorological methods, and on the other hand, remote sensing methods produces good daily ET
estimates in regional scales (FEILHAUER et al., 2009; ALLEN et al., 2011; ROCCHINI et al., 2012).

Several algorithms were developed to estimate ET in regional scales using remote sensing images.
Most of than are energy balance (EB) based and use satellite images integrated to local meteorological data:
Surface Energy Balance Algorithm for Land — SEBAL (BASTIAANSSEN et al., 1998a,b), Two — Source Model —
TSM (NORMAN et al., 1995), Surface Energy Balance Index — SEBI (MENENTI et al., 1993), Surface Energy
Balance System — SEBS (SU, 2002), the excessive resistance — kB-1 (KUSTAS et al., 1990), Beta approximation
— (CHEHBOUNI et al., 1996), Mapping Evapotranspiration at High Resolution with Internalized Calibration —
METRIC (ALLEN et al., 2007a,b), Simplified Surface Energy Balance — SSEB (SENAY et al., 2007, GOWDA et al.,
2009) and more recently the model Surface Energy Balance with Topography Algorithm — SEBTA (GAO et al.,
2011).

The land surface EB components estimated by those methods are the net radiation (Rn), soil heat
flux (G), latent heat flux (LE) and the sensible heat flux (H), which is the most complex and difficult
component to estimate. The correct estimation of H with remote sensing technique requires the correct
estimation of the ground surface temperature (Ts), directly related to the flux near the surface (HALL et al.,
1992). Since the estimation of radiometric surface temperature was possible through sensors installed on
the remote platform, the estimation of land surface H become possible (ZIBOGNON et al., 2002). Usually, H
is obtained by the empiric relation proposed by Monteith (1973) in the EB models (Equation 1).

_ T —To)ply _ pCpdT (1)

Tan Tan
where Ts is the surface temperature, T, is the air temperature above the surface, p is the air density, ¢, is the
calorific capacity, r,, is the aerodynamic resistance for heat transfer and dT is the difference of temperature
between two distinct height (Z1 and Z2).
The parameters dT and r,, on the Equation (1) are unknown. The SEBAL uses two anchor pixels, a

very dry (hot and dry) and a very wet (cold and wet) pixels, to estimate these parameters by iteration

(BASTIAANSSEN et al., 1998a,b). The Equation (1) is used under neutral atmosphere, which needs a correction
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based on Monin-Obukhov theory (BRUTSAERT, 1982). In order to execute these procedures, the identification
of two anchor pixels is usually manual, which has the disadvantage to be subjective and time consuming.
Furthermore, the H and ET are highly sensible to these selections. Consequently, the dependency on the researcher
attentions and expertise increase the error margin of the estimatives (KIAERSGAARD et al., 2009).

Some proposals for automatize the hot and cold pixels selection were presented, which include the
use of average, median and mode of the values from surface temperature obtained by any orbital sensor
(BASTIAANSSEN et al., 1998a,b). Other proposals are based on the spectral characteristics of the surface
vegetation using vegetation indexes and images textures in the visible spectrum (GAO et al., 2011; MAAS et
al., 2008; ALLEN et al., 2011). All these proposals of pixels selection were automatized. Thus the objective of
this work was to evaluate the estimation of ET and H estimated by the SEBAL by the automatized hot and cold

pixel selection.

MATERIALS AND METHODS
Study Area

The study was conducted in four different locations in the state of Mato Grosso, which have different
vegetation surface and climatic characteristic (BIUDES et al., 2015). The first area is a transitional Amazon-
Cerrado forest, located in the Macarai Farm (SINOP) with coordinates 112 24’43.4” S and 552 19’ 25.7" W
and altitude 435 m, at Sinop, Mato Grosso, Brazil. The vegetation is a Semideciduous Tropical Forest with
canopy height between 22-25 m and foliar area index (LAI) varies between 2.5 m?>m2 during the dry season
and 6 m?m2during the wet season (BIUDES et al., 2014). The 30-year mean annual temperature in Sinop area
is 242C with little seasonal variation, and rainfall is approximately 2000 mm year? (VOURLITIS et al., 2011).
The soil is classified as a Quartzarenic Neosol (PRIANTE FILHO et al., 2004).
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Figure 1: Location of the experimental sites, Mato Grosso, Brazil.

The three next sites have similar climatic characteristic, with average of 1200-1400 mm year® and

Revista Ibero-Americana de Ciéncias Ambientais Page | 640
v.11-n.5 ¢ Agoa Set 2020



Automation of choosing hot and cold pixels process in the estimate of the sensitive heat flow and evapotranspiration
DANELICHEN, V. H. M.; GOMES, R. S. R.; FIGUEIREDO, J. M.; VELASQUE, M. C. S.; MACHADO, N. G.; NOGUEIRA, J. S.; BIUDES, M. S.

25.7-26.1°C air temperature (BIUDES et al., 2012). One is located at the Miranda Farm (MF) with coordinates
15243’53.65” S and 56204'18.88"” W and altitude 157 m, at Cuiab3a, Mato Grosso, Brazil. The vegetation of
the MF is a mixed woodland-grassland (locally known as campo sujo) (VOURLITIS et al., 2013). Nearby,
another study site was in a non-native grassland located at the Experimental Farm (EF), with coordinates
15247°11” S and 56204’47” W and altitude 140m, at Santo Anténio do Leverger, Mato Grosso, Brazil. This
area is characterized by a pasture of Brachiaria humidicola (BIUDES et al., 2009; BIUDES et al., 2012). The soil
of the region of the two sites is rocky, dystrophic red-yellow Latosol (RADAMBRASIL, 1982).

The third area is located in the Reserva Particular do Patriménio Natural SESC Pantanal (CAM) with
coordinates 16239’50” S and 56247°50” W and altitude 120 m, at of Bardo de Melgaco, Mato Grosso, Brazil.
This area presents a dominance of Cambara trees (Vochysia divergens Pohl), with canopy height between 28
and 30 m in a continue range of 25 km of extension and 4 km of width, parallel of the Cuiaba river. The soil

was classified as Gleyic Solonetz (ZEILHOFER et al., 2006).

Micrometeorological measurements

The net radiation was measured by a radiometer balance equipment (Net Radiometer, Kipp & Zonen
Delft, Inc., Holland), and the incident solar radiation incidence by a pyranometer (LI-200, Campbell Sci, Inc.,
USA) both installed over 42 m in SINOP, 2.5 m in MF and EF and 33 m in CAM. The soil heat flux was measured
by soil heat flux plates (HFT-3.1, REBS Inc., Seattle, Washington) installed at 2 cm depth. The air temperature
and water vapor pressure gradients were estimated by two thermo-hygrometers (HMP 45 C, Vaisala, Inc.,
Helsinki, Finland) installed at 39 and 45 m in SINOP, 5 and 18 m in MF, 0.5 and 1.8 m in EF and 33.7 and 37.7
m in CAM.

Energy Balance Estimates by Bowen Ratio Method

Evapotranspiration (ET) and sensible heat flux (H) estimates were calculated using the Bowen ratio
energy balance method (BREB). The BREB method has been widely used since it was proposed in 1926
because it has the advantages of a clear physical concept, few parameter requirements, and a simple
calculation method (HU et al., 2013). The comparison of LE and H obtained with BREB method and eddy
covariance method have shown that the BREB provides accurate and reliable values, and that instrument
drifts on sub-annual time scales are minimal (DREXLER et al., 2004; BIUDES et al., 2009; BILLESBACH et al.,
2012; DICKEN et al., 2013; RODRIGUES et al., 2013). The BREB method we used to follow the guidelines and
modification described by Perez et al. (1999). Average fluxes of LE and H were calculated by Equations (2)

and (3), respectively, at 30-min averaging intervals.
Rn—G—AS

BT
Rn—G—AS

= Tﬁ‘l

where LE and H is the latent and sensible heat flux (W m2), Rn is the net radiation (W m), G is the

LE (2)

3)

ground heat flux (W m2), and AS is the heat storage in the canopy air space and biomass calculated using the
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parameterization proposed by Moore et al. (1986). The AS was calculated every 30 min at SIN and CAM, but

was negligible at MF and EF due to the low vegetation density. [ is the Bowen ratio defined by Equation (4):

= (/10%22) (i_:) @)

where G, is the specific heat at constant pressure (1.00467 J g1 K1), 0.622 is the ratio of molecular weights of water
and air, and AT and Ae are the difference of temperature (2C) and water vapor pressure (kPa) between the two
measurement levels, respectively. The latent heat of vaporization (1; J g) defined by Equation (5).

T +273.16 )2 (5)
(T +273.16) — 33.91

The average evapotranspiration (mm 30-min™) was calculated by Equation (6).

ET_LE
)

The daily evapotranspiration was obtained as the sum of 48 values of evapotranspiration at 30-min

A=1919 x 106(

(6)

averaging intervals. The criteria for accepting/rejecting data collected from the BREB method were based on
those described by Perez et al. (1999) and revised by Hu et al. (2013). It was assumed that the gradients
were sufficient in each experimental area due to the large fetches over relatively homogeneous terrain. The
BREB method fails when (1) sensor resolution is inadequate to resolve gradients in AT and Ae (UNLAND et
al., 1996), (2) stable atmospheric conditions, such as during the dawn and dusk, cause 5 = -1 (ORTEGA-FARIAS
et al., 1996) and the evapotranspiration tends to infinity, and (3) conditions change abruptly leading to errors
in measurement (PEREZ et al., 1999). Using this filtering method, physically realistic values of 8 can be
obtained in an objective, quantitative manner, which limits the potential for bias and error in estimating

energy balance terms (PEREZ et al., 1999; HU et al., 2013).

Pre-processing of TM Landsat 5 images

The 95 images Thematic Mapper (TM) Landsat 5 used in this work were acquired from National
Institute of Spatial Research (INPE)™. A subset of 28 images are related to SINOP in path/row 226/68 obtained
during 2005 to 2008; 38 images are related to MF and EF in path/row 226/71 obtained from 2007 to 2010
and finally 29 images are related to CAM in path/row 226/72 obtained during 2007 to 2010. The main criteria
used to choose these images was the absolutely no clouds around the experimental sites, which permitted
high accuracy of the results. Each image bands were stacked and orthorectified based on a reference image

obtained in landsat?.

Energy Balance Estimates by SEBAL

The surface energy balance was estimated using Surface Energy Balance Algorithm for Land (SEBAL)
technique, which use few meteorological data and satellite images obtained by orbital sensors
(BASTIAANSSEN et al., 1998a; BASTIAANSSEN, 2000; ALLEN et al., 2011). The net radiation (Rn) was estimated

by Equation (7)

! http://www.dgi.inpe.br/CDSR/
2 http://www.landsat.org.

Revista Ibero-Americana de Ciéncias Ambientais Page | 642
v.11-n.5 ¢ Agoa Set 2020



Automation of choosing hot and cold pixels process in the estimate of the sensitive heat flow and evapotranspiration
DANELICHEN, V. H. M.; GOMES, R. S. R.; FIGUEIREDO, J. M.; VELASQUE, M. C. S.; MACHADO, N. G.; NOGUEIRA, J. S.; BIUDES, M. S.

Rsl(l - asup) - RLT + SORLL (7)

where, Rsy, is the instantaneous incident solar radiation (W m2), asur is the surface albedo (dimensionless), Ry, is the
instantaneous long wave radiation emitted by the atmosphere (W m?2), Rit is the instantaneous long wave radiation
emitted by the surface (W m?) and g is the atmospheric emissivity (dimensionless).

The instantaneous G was obtained by the Equation (8) (BASTIAANSSEN, 2000).

G = Rn(T, — 273.16)(0.0038 + 0.0074)(1 — 0.98NDVI*) (8)

where Ts is the surface temperature (K) and NDVI is the vegetation index of the normalized difference (dimensionless).
In order to correct the G values for water areas (NDVI < 0), we used the expression G = 0.3Rn (ALLEN et al., 2002).
The sensible heat flux (H, Equation 9) was estimated based on wind speed and air temperature

difference (dT), between two levels near the surface (z; = 0.1 m and z; = 2m) (BASTIAANSSEN et al., 1998a;
ALLEN et al., 2007a,b). The main assumption in SEBAL is the linear relation between the air temperature
difference (dT) and the land surface temperature (Tsyp), i.e. dT = a + bTsp, obtained by interaction, where the
calibration constants a and b require, for their determination, the identification of two reference pixels
(anchors pixels), that represent extremes values of temperature and humidity, called hot and cold pixels. In
this work, the cold pixel was located in a spot of water bodies (Cuiaba river, lakes, little rivers), which assume
H=0and LE = Rn— G (BASTIAANSSEN et al., 1998a). The hot pixel was chosen in bare soil area, which assume
LE=0and H=Rn - G (BASTIAANSSEN et al., 1998a; MENDONCA et al., 2012). The initial H values only serve
asinput parametersin an iterative process, which stopped when the coefficient of Monin-Obukhov was 0.001

(BASTIAANSSEN et al., 1998a; MENDONCA et al., 2012).

_ (pCpdT) (9)
ra

H

where p is air density (kg m3), Cp is specific air heat (1004 J kg™* K%), dT (K) is the air temperature difference between
two levels, and ra is the aerodynamic resistance to heat transport (s m-1). The location of anchors pixels (hot and cold)
require foreknowledge of the area being studied and the researcher must look for proper choice of these targets.

The instantaneous latent heat flux (LE) was estimated by the energy balance equation (Equation 1)

and the daily latent heat flux (LE24n) was estimated by Equation (10).
LE;4, = FE;Rny4p (10)

where FEi is the instantaneous evaporative fraction (Equation 11) and Rnzan is the daily net radiation (W m2) estimated
by Equation (12).

LE LEy4p (11)
)

" \Rn-6 24 T Ry an
Rnyan = Rspqn(1— a) — 110754y (12)

where FEasn is the daily evaporative fraction, that was equalized to FEi (BASTIAANSSEN, 2000; ALLEN et al., 2011), Rs2sn
is the daily incident solar radiation (W m) and Taan is the daily atmospheric transmissivity (ALLEN et al., 2002). The
daily evapotranspiration (ET24n) was estimated by Equation (13).

ET... = (LEy4p, X 86,4) (13)
24h = 2450

Proposed automatized hot and cold pixels choice
Bastiaanssen et al. (1998a)’s proposal

According to Bastiaanssen et al. (1998a) the linear relationship between Ts,, and dT would be better
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represented by the selection of two pixels with extreme temperatures: one pixel with maximum temperature

(hot pixel); and one pixel with minimum temperature (cold pixel).

Gao et al. (2011)’s proposal

The Gao et al. (2011)’s proposal is based on a linear a combination of modified soil adjusted
vegetation index (MSAVI) and land surface temperature (Tsyp), resulting in a graph that presented as a
trapezoid (Figure 2). Where the x axis represents MSAVI and y axis represents Ts. So, the pixels are chosen
as the two extreme points of the trapezium (upper left and lower right). The purpose of this methodology is

to choose the hot pixel as the one with lower MSAVI and higher Ts,,, and the cold pixel with highest MSAVI

and lowest Ts.

N

Dry bare soil

Vegetation Canopy
Dry Border (Water stress)

sasearoul [

“Cold” Pont

v

Tmin A Wet Border Vegetation Canopy

Satured Bare soil | (Adequate moisture)
| >

0.0 Vegetation Index 1.0

Figure 2: Schematic structure of the trapezium to identify the hot and cold pixel. The abscissa is related to vegetation
indexes (NDVI, SAVI, LAl and MSAVI) pixels and the vertical axis is the surface temperature (Tsup).

Other proposals

Based on the proposal of Gao et al. (2011), we used the soil adjusted vegetation index (SAVI),
normalized difference vegetation index (NDVI) and leaf area index (LAIl) instead of MSAVI. The automation
consisted to finding the extremes representative pixels of the trapezoid (Figure 2). After the selection of the
hot and cold pixel, the determination of a and b coefficients were performed by Bastiaanssen (1998a). We
also proposed to analyze the pixels around (NDVlaround, LAlaround, SAVlaround, MSAVlaround) the selected hot and
cold pixels, that represent 90% of similarity of the central pixel selected (Figure 3). Thus, the average of the

nine hot and cold pixels was used to estimate a and b coefficient.

Figure 3: Region utilized around the central pixel, represented by de number 5.
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RESULTS AND DISCUSSION
Sensible heat flux estimated by different proposes

Daily H estimated based on choices of hot and cold pixels showed variation in different soil covers,
with an average of 12.47 W m?, in all areas and among the entire study period. The minimum value of 2.66

W m?was observed in EF, and the maximum value of 35.77 W m? was observed in SINOP (Figure 4).

100 100
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/
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Figure 4: Relationship between measured sensible heat flux (H24n measured) and estimated by SEBAL (Hzan
estimated) on transitional Amazon-Cerrado forest (SINOP), Miranda Farm (MF), Experimental Farm (EF) and
Cambara (CAM).

measured (W m'z)

It is noticed that the measured daily H showed biggest values for pastures region (EF and MF) and
smallest in monodominant forest areas and transition forest (CAM and SINOP), while the reverse happened
with estimates of daily H with the automated selection of pixels. This fact can be explained based on the
thermal band (band 6) of Landsat - 5, which have a spatial resolution of 120m, and the estimate of H,,, by
empirical equation Monteith (1973) takes the surface temperature into account. However, the temperature
used in this equation and in all energy balance algorithms that use data from satellite sensors formulated so
far (SEBAL, TSM, SEBI, SEBS, approximation Beta — B, METRIC, SSEB e SEBTA), without exception, using
radiometric temperature as the surface temperature (ZHAN et al., 1996; ZIBOGNON et al., 2002). Radiometric
temperature is known to depend on the viewing angle of each orbital sensor and cannot relate to the surface
temperature, which is dependent on the turbulent fluxes through the canopy and dynamic biosphere (ZHAN
et al., 1996; ZIBOGNON et al., 2002). Temperature dependent of turbulent flow is commonly referred to
aerodynamic surface temperature, thus the precise surface temperature is poorly defined, and therefore the
estimates H remote sensing are problematic (ZIBOGNON et al., 2002).

Daily sensible heat flux (H,4,) estimated based on the automatized identification of hot and cold pixels
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by vegetation indexes that showed better performance (considering here the higher determination
coefficients), was NDVI for CAM, SAV| for EF, NDVlarouna for MF e Bastiaanssen’s proposal for SINOP (Figure
4).

In the pastures and monodominant forest, estimates of H were influenced by vegetation indexes
(NDVI and SAVI), while in the forest transition (SINOP) H correlated better with the surface temperature

(proposed Bastiaanssen). In area monodominant forest (CAM) the daily sensible heat flux estimated based
on the proposal of NDVI among the proposals showed the highest R - squared of 0.63, MAE of 3.12 W/mz,

the RMSE 15.40 W/m2 and correlation of 0.72. In EF the daily sensible heat flux estimated based on the

proposal of the SAVI showed between proposals presented, the highest coefficient of determination 0.78,
MAE of 46.73 W/mz, RMSE of 55.21 W/m2 and correlation of 0.78. In MF the H based on the proposal
presented NDVl.rouna @among the proposals the largest R - squared of 0.72, MAE of 41.83W/m2, RMSE of

43.58 W/m2 and a correlation of 0.71. In SINOP the daily sensible heat flux estimated based on the proposal

presented Bastiaanssen showed the largest R - squared of 0.72 additionally’s proposal showed a MAE of 15.75

W/mz, RMSE of 35.77 W/m2 and correlation of 0.83 (Figure 4, Table 1).

Table 1: Root mean square error (RMSE), mean absolute error (MAE) and Spearman correlation of daily sensible heat
flux (Ha2an) measured in the experimental sites and estimated by SEBAL using the different automation proposes
(Bastiaanssen, mSAVI around, NDVI around, SAVI around, LAl around, mSAVI, NDVI, SAVI e LAI). * p < 0.05

Proposes SINOP MF EF CAM

RMSE MAE r RMSE MAE r RMSE MAE r RMSE MAE r
Bastiaanssen 35.77 15.75 0.82 43.91 42.26 0.71 55.51 47.29  0.92% 14.68 4.68 0.69*
MSAVI 35.06 16.84  0.60 43.02 41.31  0.77 55.61 47.48 0.71 15.40 5.45 0.83*
around
NDVI 35.31 14.71  0.20 43.59 41.84 0.71 55.52 47.15 0.78* 14.47 4.26 0.67%*
around
SAVI 34.76 16.19 0.77 43.09 41.43  0.88* 55.46 47.32  0.82* 15.30 6.05 0.80*
around
LAI 35.81 19.10 -0.14 43.87 42.41  0.94% 56.04 47.84  0.60 16.93 6.55 0.66*
around
MSAVI 35.00 13.51  0.82* 41.99 39.79 0.60 55.00 46.50 0.92* 15.68 2.97 0.35
NDVI 35.33 13.57 0.48 42.32 40.38 0.71 55.22 46.71  0.85* 15.40 3.12 0.72%*
SAVI 35.29 13.47 0.54 41.71 39.35 0.60 55.21 46.73  0.85* 14.70 3.25 0.61
LAI 36.64 10.78 0.48 42.37 39.81 0.25 55.20 46.62  0.85* 14.67 4.04 0.38

Considering only the correlation index as an indicator of proximity of estimated with measured values
H,,, values the highest correlations are found in the proposals for MSAVIlarouna CAM (r = 0.83), EF (r = 0.92),
SINOP (0.82) LAlaround for MF (r = 0.94) with p — value < 0.05 (Table 1). It is observed that the vegetation
indexes (MSAVlarouna and LAlaround) subscript ‘around’ (means the pixels around the central pixel) showed
higher correlations for H, which highlights the importance of the neighboring pixels on the central pixel. The
3x3 pixel grid tells us how strong candidate for hot and cold pixel is the center pixel, and how much less error

in admitting the similarity of neighboring pixels.

Evapotranspiration estimated by different proposes

The daily evapotranspiration (ET,,,) estimated based on automated identification of hot and cold
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pixels, which showed better performance (higher coefficients of determination) in fields of study, were
estimated according to the choices of pixels through LAl parameter in CAM, EF and MF, while in the transition
forest SINOP the NDV | showed better performance when compared with the measured data of daily

evapotranspiration (Figure 5).
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Figure 5: Relationship between measured evapotranspiration (ET2an measured) and estimated by SEBAL (ET2sn
estimated) on transitional Amazon-Cerrado forest (SINOP), Miranda Farm (MF), Experimental Farm (EF) and
Cambara (CAM).

In CAM, EF and MF ET,,, estimated based on the proposed LAl presented among the other, the
highest coefficients of determination. In CAM 0.70, MAE of 0.44 mm/day, RMSE of 2.35 mm/day and
correlation of 0.70. In EF, R - squared of 0.93, MAE of 0.61 mm/day, RMSE of 2.44 mm/day and correlation
of 0.99. In MF, presented R - squared of 0.86, MAE of 0.60 mm/day, RMSE of 1.93 mm/day and correlation
of 0.86. While in the forest transition SINOP the highest coefficient of determination was 0.85, based on
the proposal selection through NDVI, MAE of 1.00 mm/day, RMSE of 2.73 mm/day and correlation of 0.85
(Figure 5, table 2).

Table 2: Root mean square error (RMSE), mean absolute error (MAE) and Spearman correlation of daily
evapotranspiration (ET2an) measured in the experimental sites and estimated by SEBAL using the different automation
proposes (Bastiaanssen, mSAVI around, NDVI around, SAVI around, LAl around, mSAVI, NDVI, SAVI e LAI). * p < 0.05

Proposes SINOP MF EF CAM

RMSE MAE r RMSE MAE r RMSE MAE r RMSE MAE r
Bastiaanssen 2.78 1.06 0.70" 1.95 0.31 0.75" 2.38 0.31 1.00" 2.38 0.04 0.73"
MSAVI 2.84 1.09 0.68" 1.96 0.30 0.75" 2.37 0.17 1.00" 2.36 0.08 0.75"
around
NDVI 2.77 1.05 0.67" 1.97 0.30 0.75" 2.37 0.32 1.00" 2.43 0.03 0.70"
around
SAVI 2.86 1.07 0.63" 1.96 0.30 0.75" 2.38 0.31 1.00" 2.38 0.10 0.74"
around
LAI 3.02 1.06 0.50 2.00 0.24 0.77" 2.39 0.40 1.00" 2.35 0.10 0.72"
around
MSAVI 2.78 0.96 0.83" 1.92 0.37 0.74" 2.30 0.05 1.00" 2.36 0.04 0.70"
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NDVI 2.77 0.97 0.84" 1.93 0.35 0.75" 2.36 0.33 1.00 2.35 0.02 0.71"
SAVI 2.76 0.96 0.84" 1.92 0.37 0.75" 2.32 0.18 1.00 2.38 0.02 0.71"
LAI 2.49 1.02 0.74" 1.93 0.60 0.86" 2.45 0.61 1.00" 2.35 0.44 0.70"

In the region of the transition forest the NDVI was shown to be the best indicator of the choices of
hot and cold pixels, possibly because this area display heterogeneous and distinct vegetation in the same
place, different from the grazing areas and areas where vegetation monodominant is not sparse (BREDA,
2003), which demonstrates the inefficiency of parameter LAl in determining pixel, the NDV|, in turn is the
most widely used index in studies related to vegetation cover, since it allows to evaluate the conditions of
vegetation and their respective dynamic spatiotemporal (HUETE et al., 1999). It is more sensitive to the
presence of pigments that act on the photosynthetic processes specific to the content of chlorophyll (HUETE
et al., 1997; 2002). However, an inherent feature to the NDV 1 is the asymptotic saturation, which makes less
sensitive the detection of variations of green biomass under conditions of high rates of leaf area that this
case falls within the areas of pasture and forest monodominant (HUETE et al., 2002).

Otherwise, only observing the correlations obtained by the estimated values with measured ET,,;, by
the method of Bowen ratio the correlations values are higher than found in the proposals MSAV larouna for
CAM (r = 0.75), all proposals for EF, for LAl MF (r = 0.86), with NDV I and SAVI to SINOP (r = 0.84), with p -
value < 0.05 (Table 2).

CONCLUSIONS

The automatic selection of the pixels hot and cold was successful, with correlations exceeding 0.83
for estimates of sensible heat flux and 0.75 for estimates of evapotranspiration. The daily sensible heat flux
(H44) and daily evapotranspiration (ET,,,) measured and estimated ranged according to different classes of
surface coverage. The daily sensible heat flux (H,,,) estimated based on automated identification of hot
and cold pixels, which showed better performance in terms of index were: NDVI, for CAM, SAVI, for EF,
NDVlaround for MF and the proposed Bastiaanssen to SINOP.

The identification of hot and cold pixels, using the methodology by similarity of neighboring pixels,
using the average of pixels (3x3 grids) showed the highest correlations for the sensible heat flux in the study
areas. The LAl had the best indicator in the automated identification of hot and cold pixels to estimate the
daily evapotranspiration (ET,,).

Our results have important implications for modeling H,,, and ET,,, on regional scale. The results
presented here also highlight some of the complexities in validating satellite products. While we point out
some potential biases in the automatization of SEBAL to estimate H,,, and ET,,;, further study over a variety

of Brazilian Ecosystems are needed to quantitatively assess the SEBAL in order to improve their accuracy.
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