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1 RESUMO 

 

Muitas áreas na Amazônia foram modificadas, alterando as trocas energéticas neste ambiente. 

Essa mudança é uma das responsáveis pelas variações no saldo de radiação (Rn), pois afetam a 

troca de energia entre a superfície e a atmosfera. O objetivo foi estimar o Rn em uma área de 

açaí irrigado na Amazônia Oriental. Foram utilizadas imagens do satélite Landsat 8, do dia 

sequencial do ano (DAS) 151/2018 e DAS 241/2019, referente às órbitas/pontos 222/61 e 

223/61, respectivamente. O Rn foi obtido por meio do algoritmo Surface Energy Balance 

Algorithm for Land – SEBAL, que se fundamenta na radiância dos canais reflexivos e termal 

do sensor. Os resultados (sensor x superfície) mostraram-se satisfatórios com valores de erro 

absoluto médio (EAM) iguais a 4,92 W/m2 e 15,66 W/m2, erro relativo médio (ERM) iguais a 

0,98 % e 3,4 % para DAS 151 e o DAS 241, respectivamente. Observou-se a capacidade do 

SEBAL em diferenciar tipos de coberturas do solo, o que proporcionou elaborar a distribuição 

espacial do Rn na cena analisada e no plantio de açaí, demostrando assim, a sensibilidade do 

modelo e a importância da variabilidade espacial existente na área, essas informações podem 

auxiliar as tomadas de decisões quanto ao manejo de irrigação. 
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2 ABSTRACT 

 

Many areas in the Amazon have been modified, altering the energy exchanges in this 

environment. This change is a factor responsible for variations in the radiation balance (Rn), as 

they affect the energy exchange between the surface and the atmosphere. The objective was to 

estimate the Rn in an açaí irrigated area in Eastern Amazon. Landsat 8 satellite images of the 

sequential day of the year (DAS) 151/2018 and DAS 241/2019, referring to orbits/points: 

222/61 and 223/61, respectively, were used. The Rn was obtained through the Surface Energy 

Balance Algorithm for Land - SEBAL algorithm, which is based on the radiance of the 

reflective and thermal bands of the sensor. The results (sensor x surface) were satisfactory with 

mean absolute error (EAM) values equal to 4.92 W/m2 and 15.66 W/m2, mean relative error 

(ERM) equal to 0.98% and 3.4% for DAS 151 and DAS 241, respectively. SEBAL's ability to 

differentiate types of land cover was observed, which provided the elaboration of the spatial 

distribution of Rn in the analyzed scene and in the açaí planting, so demonstrating the sensitivity 

of the model and the importance of spatial variability in the area, this information can help in 

decision-making regarding irrigation management. 

 

Keywords: sebal, spatial variability, landsat 8.  

 

 

3 INTRODUCTION 

 

The radiation balance (R n) is the sum 

of shortwave and longwave radiation, and its 

estimation is essential for the study of soil‒

vegetation‒atmosphere interactions in the 

fields of agronomy, soil science, 

environmental engineering, geotechnical 

engineering, and other areas (AN; 

HEMMATI; CUI, 2017). Changes in land 

use and occupation and precipitation are 

some of the main factors responsible for 

variations in Rn, as they affect the exchange 

of energy and mass between the surface and 

the atmosphere (ENORÉ, 2012). With 

agricultural intensification in the Brazilian 

Amazon since the 1990s, many areas have 

been modified (MACEDO et al., 2012 ), 

consequently altering energy exchanges in 

this environment. 

influences Earth's climate and weather 

conditions. The Rn available at the surface is 

obtained from solar radiation that reaches the 

ground and is divided into energy for heating 

the air (H) and the soil (G) and for 

evaporative processes of the plant (λET), 

and the partition of this energy is driven by 

the type and state of the surface (ARAÚJO 

et al., 2021). The energy balance of 

vegetated surfaces allows estimation of mass 

and energy exchanges in the soil‒plant‒

atmosphere system by studying the 

partitioning of Rn in the various processes 

that occur in the crop, which allows the 

evaluation of changes in the vegetation 

microclimate depending on the crop 

development stages and soil and 

atmospheric conditions, and this can assist in 

decision-making regarding crop 

management, including irrigation 

(FONTANA; BERLATO; 

BERGAMASCHI, 1991). 

The Rn can be measured punctually 

via sensors designed for reading, such as 

balance radiometers, or by measuring its 

components via pyranometers. This is the most 

accurate way to quantify incident solar 

radiation on the surface (SOUZA; 

ESCOBEDO, 2013). However, the reading 

performed through these sensors is limited to 

small areas because of their punctual nature 

of data reading (MACHADO et al., 2014). 

Therefore, owing to the diversity of the 

surface, these measurements cannot be 

directly extrapolated to regional scales 

https://iopscience.iop.org/article/10.1088/1748-9326/8/2/024021/meta#erl444292bib17
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(BASTIAANSSEN et al., 2005) since they 

are not representative of larger areas. 

One possibility for overcoming the 

limitations of these point measurements is to 

use remote sensing (RS) data to estimate, 

among other variables, Rn. In recent 

decades, the provision of orbital images 

from RSs has been an important tool for 

estimating the components of the energy 

balance, enabling observation of the 

spatiotemporal behavior of the radiation 

balance at different locations and times of 

the year. Among the various existing models 

for this purpose, the surface energy balance 

algorithm for land (SEBAL), proposed by 

Bastiaanssen in 1995, stands out. It estimates 

the components of the energy balance via 

thermal and multispectral images and a few 

auxiliary meteorological data 

(BASTIAANSSEN et al., 1998). 

Since then, the SEBAL model has 

been used in several biomes and different 

analyses around the world, obtaining 

satisfactory results according to the 

conclusions of Santos et al. (2014), who 

studied Rn in pasture and forest areas in the 

Amazon in the dry season; Pavão et al. 

(2017), whose objective was to evaluate the 

impacts of deforestation on biophysical 

variables in the municipality of Apuí-AM; 

Alves et al. (2017), who obtained estimates 

of the net radiation at the surface of the Pajeú 

River basin through Landsat-8 images; 

Debastiani et al. (2018), who achieved the 

objective of estimating Rn through remote 

sensing techniques, compared it with data 

estimates from a surface station in São 

Joaquim National Park for January 30, 2014, 

and studies by Veloso, Silva and Ferreira 

(2020), who analyzed Rn in vereda areas in 

northern Minas Gerais in the Cerrado biome. 

On the basis of combinations of 

empirical relationships and physical 

parameterizations, the algorithm enables the 

calculation of surface fluxes for areas with 

different land covers and the calculation of 

the radiation balance and energy balance 

components for each image pixel (ALLEN; 

TASUMI; TREZZA, 2002; 

BASTIAANSSEN et al., 1998), without the 

need for extensive field measurements. 

Therefore, comparative studies between data 

estimated from orbital images and data 

collected in the field are important since the 

advent of numerical modeling could be an 

effective tool for addressing the lack of 

observations of meteorological variables in 

remote areas (PINTO et al., 2010). 

The present work aimed to estimate 

the radiation balance at the time of satellite 

passage in the eastern Amazon in an 

irrigated area cultivated with açaí (Euterpe 

oleraceae M.) via the SEBAL algorithm. 

 

 

4 MATERIALS AND METHODS 

 

4.1 Study area and dataset used 

 

An açai plantation for commercial 

purposes has been located at Fazenda Ornela 

since 2012.

 

 



                                                              Silva, et al.                                                                              667 
 

Irriga, Botucatu, v. 26, n. 3, p. 664-683, julho-setembro, 2021 

Figure 1 shows the study area and the micrometeorological tower in the açai plantation. 

 
Source: Authors (2021). 

 

According to the Köppen climate 

classification, the region's climate is 

characterized as Am (humid and subhumid 

tropical climates), with an average annual 

temperature of 25 °C and an average rainfall 

of 2,250 mm per year (ALVARES et al., 

2013; RODRIGUES et al., 2016). The field 

experiment was implemented on 1 hectare of 

the plantation (Figure 1), with a spacing of 

6.0 × 4.0 m, with three plants per clump, 

cultivated on dry land with daily irrigation 

during the driest four-month period of the 

year (August--November) via a 

microsprinkler system, through which a 

gross empirical depth of 3.28 mm was 

applied daily. This experiment was 

conducted during two açai harvests: the first 

between September 2017 (DAS 245) and 

October 2018 (DAS 303) and the second 

from November 2018 (DAS 305) to October 

2019 (DAS 303). Data on meteorological 

variables (air temperature, relative humidity, 

wind speed and direction, net radiation, etc.) 

were obtained. 

A micrometeorological tower was 

installed in the experimental area (Figure 1), 

where three automatic meteorological data 

loggers (data loggers) were attached and 

distributed along the canopy (two from 

Campbell Scientific, model CR1000, and 

one from Onset Hobo, model U30). The 

system program included sensor readings 

every ten seconds, with averages every 20 

minutes. The tower location met the 

minimum area boundary requirements, with 

an available fetch ratio (greater than 1:100) 

so that the measurements obtained were 

representative of the experimental area 

without the influence of advective energy 

(RANA; KATERJI, 2000). Table 1 shows 

the sensors used in the experiment and their 

arrangement in relation to the ground or 

canopy. The data from the tower were 

compared with the net radiation data 

estimated with the SEBAL algorithm.
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Table 1. Variables and instruments used in the experiment, as well as their arrangement in 

relation to the soil and plant canopy. 

Meteorological variables 
Instrument, manufacturer, 

model 
Ground layout (m) 

Air temperature 
Vaisala thermohygrometer 

(HMP35A) 

2.0 and 8.0 above 

ground 

Relative humidity 

Air temperature 

Relative humidity 

Vaisala thermohygrometer 

(HMP35A) 

 Hobo (STHB-M002) 

Hobo (STHB-M002) 

2.0 and 8.0 above 

ground 

0.5 and 2.0 above the 

canopy 

0.5 and 2.0 above the 

canopy 

Soil moisture 

Rain 

Time Domain Reflectometer 

(CS615) 

Rain gauge (TB4-L) 

- 0.3 of the soil surface 

0.5 above the canopy 

Incident global radiation 

 

Radiation balance 

 

Pyranometer (CMP6-L) 

 

Net Radiometer (NR-LITE2-L) 

 

2.0 above canopy 

 

2.0 above canopy 

 

Source: Denis de Pinho Sousa (2020). 

 

Two images generated by the 

Operational Land Imager—OLI and 

Thermal Infrared Sensor (TIRS) of the 

Landsat 8 satellite—were used; these images 

were acquired free of charge from the United 

States Geological Survey website 

(earthexplorer.usgs.gov). To select the days, 

the images were selected considering the 

least possible cloud interference in the study 

area, especially at the location of the 

micrometeorological tower and the tower's 

data collection period (referring to the years 

2018 and 2019). Thus, an image was 

obtained from May 31, 2018 (orbit/point 

222/61), Julian day (DAS) 151 (Figure 2a), 

and an image from August 29, 2019 

(orbital/point 223/61), DAS 241 (Figure 2b).
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Figure 2Scenes analyzed in the study. (a) May 31, 2018, and (b) August 29, 2019. 

 
Source: Authors (2021). 

 

To obtain the radiation balance, the 

SEBAL algorithm methodology was 

followed, which uses a combination of data 

generated from orbital satellite images and 

point data from meteorological stations. The 

radiation balance accounts for the downward 

and upward radiative fluxes, both shortwave 

and longwave, that interact with the Earth's 

surface (SILVA; BRAGA; BRAGA, 2011). 

The diagram below illustrates the steps taken 

to obtain Rn (Figure 3). 

 

Figure 3Computational steps to obtain the surface radiation balance via the SEBAL 

algorithm. 

 
Source: Adapted from Allen, Tassumi and Trezza (2002). 
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The net radiation at the surface (R n) 

(W m -2), computed for the moment of the 

satellite's passage, was estimated according 

to Equation 1 (BASTIAANSSEN et al ., 

1998) : 

 

𝑅𝑛 = 𝑅𝑠𝑜𝑙,𝑖𝑛𝑐 (1 −  𝛼𝑠𝑢𝑝) − 𝑅𝑜𝑙,𝑒𝑚𝑖𝑡 + 𝑅𝑜𝑙,𝑎𝑡𝑚 − (1 − 𝜀0) 𝑅𝑜𝑙,𝑎𝑡𝑚                                        (1) 

 

where m represents 𝑅𝑠𝑜𝑙,𝑖𝑛𝑐the 

incident shortwave radiation,  𝛼𝑠𝑢𝑝 

represents the corrected albedo of each pixel, 

𝑅𝑜𝑙,𝑎𝑡𝑚 represents the longwave radiation 

emitted by the atmosphere, 𝑅𝑜𝑙,𝑒𝑚𝑖𝑡 

represents the longwave radiation emitted by 

the surface, and 𝜀0 represents the emissivity 

of each pixel. 

 

The calculation of the planetary 

albedo (𝛼𝑡𝑜𝑎) was obtained via the linear 

combination of the monochromatic 

𝜌′reflectances () of each of the reflective 

bands of the OLI sensor according to 

Equation 2 (TASUMI; ALLEN; TREZZA, 

2008): 

 

𝛼𝑡𝑜𝑎 = (𝜛2𝜌′2) + (𝜛3𝜌′3) + (𝜛4𝜌′4) + (𝜛5𝜌′5) + (𝜛6𝜌′6) + (𝜛7𝜌′7)                              (2) 

 

Each weight (𝜛) is obtained by the 

ratio between the band-specific solar 

constant 𝑏 and the sum of all the constants 

𝐸𝑆𝑈𝑁𝜆,𝑏 according to Equation 3 (STARKS 

et al., 1991): 

 

𝜛𝜆,𝑥 =
 𝐸𝑆𝑈𝑁𝜆,𝑏

Ʃ𝐸𝑆𝑈𝑁𝜆,𝑏
                                        (3) 

 

For Landsat-8, the values are shown 

in Table 2.

 

Table 2. Weight coefficient (𝜛) for calculating the planetary albedo. 

Bands B2 B3 B4 B5 B6 B7 

𝝕𝒏 0.300 0.277 0.233 0.143 0.036 0.012 

𝑬𝑺𝑼𝑵𝝀,𝒃 2011.3 1853 1532.8 956.4 237.8 80.2 

Source: Silva et al. (2016). 

 

The monochromatic reflectance of 

each band (𝜆𝑖) (Equation (4)) was obtained 

from the ratio between the flux of reflected 

solar radiation and the flux of incident solar 

radiation (SILVA et al ., 2016) : 

 

𝜌𝜆𝑖 =
𝑎𝑑𝑑𝑟𝑒𝑓,𝑖+𝑀𝑢𝑙𝑡𝑟𝑒𝑓,𝑖 .𝑁𝐷𝑖

cos 𝑍.𝑑𝑟
                        (4) 

 

To determine the monochromatic 

spectral 𝐿𝜆𝑖radiance (Equation 5), the 

additive and multiplicative terms of the 

radiance group obtained from the image 

metadata were used: 

 

𝐿𝜆𝑖=𝑎𝑑𝑑𝑟𝑎𝑑,𝑖 + 𝑀𝑢𝑙𝑡𝑟𝑎𝑑,𝑖 . 𝑁𝐷𝑖                (5) 

 

where for Equations (4) and (5), 𝑖 
corresponds to each band (2, 3, 4, 5, 6 and 7) 

of the image; 𝜌𝜆 represents the 

monochromatic reflectance; 

𝑎𝑑𝑑𝑟𝑒𝑓 𝑒 𝑀𝑢𝑙𝑡𝑟𝑒𝑓  represents the additive 

and multiplicative terms of the reflectance of 

bands 2, 3, 4, 5, 6 and 7 (extracted from the 

metadata of each image); 𝑑𝑟 represents the 

correction for the eccentricity of the Earth's 

orbit; 𝐿𝜆  represents the monochromatic 

spectral radiance; and 𝑎𝑑𝑑𝑟𝑎𝑑 𝑒 𝑀𝑢𝑙𝑡𝑟𝑎𝑑 

represents the additive and multiplicative 

terms of the thermal band 𝑁𝐷radiance, 

which is the digital number of each pixel. 

 

The surface albedo for each pixel, or 

the albedo corrected for atmospheric effects 
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(𝛼) (Equation 6), was calculated on the basis 

of the model developed by Zhong and Li 

(1988) , which has been widely used 

(ALLEN; TASUMI; TREZZA , 2007 ; 

BASTIAANSSEN et al ., 1998, 2005; 

SILVA; BRAGA; BRAGA, 2011) : 

 

𝛼𝑠𝑢𝑝 =
𝛼𝑡𝑜𝑎−𝛼𝑝

𝜏 𝑠𝑤
2                                           (6) 

 

where 𝛼𝑡𝑜𝑎 represents the albedo of 

each pixel without atmospheric correction, 

which combines the spectral reflectance 

values for all shortwave bands; 𝛼𝑝  

represents the atmospheric reflectance, 

which is considered in this study equal to 

0.03 (ALLEN; TASUMI; TREZZA, 2007; 

BASTIAANSSEN et al ., 2005; SILVA; 

BRAGA; BRAGA, 2011) ; and 𝜏𝑠𝑤 

represents the atmospheric transmissivity, 

which depends on the solar zenith angle (Z), 

the atmospheric turbidity coefficient (kt), the 

atmospheric pressure (P) (kPa) and the 

amount of precipitable water (W) (mm), 

according to Equation 7 (ALLEN; 

TASUMI; TREZZA , 2007) :

 

𝜏𝑠𝑤 = 0,35 + 0,627 exp [
−0,00146 𝑃

𝐾𝑡 cos 𝑍
− 0,075 (

𝑊

cos 𝑍
)

0,4

]                                                        (7) 

 

where W was calculated according to 

Equation 8 (GARRISON; ADLER, 1990) : 

 

𝑊 = 0,14 𝑒𝑎  (
𝑃

𝑃𝑜
) + 2,1                         (8) 

 

where 𝑒𝑎 represents the saturation 

vapor pressure (kPa), 𝑃 represents the 

atmospheric pressure (hPa), and Po 

represents the atmospheric pressure at sea 

level (hPa). 

 

The incident shortwave radiation 

𝑅𝑠𝑠𝑜𝑙,𝑖𝑛𝑐(W m −2) (Equation 9) in the study 

area was determined by the parameterization 

scheme developed by Allen, Tasumi and 

Trezza (2007) : 

 

𝑅𝑠𝑠𝑜𝑙,𝑖𝑛𝑐 = 𝑆𝑜 cos 𝑍 𝑑𝑟 𝜏𝑠𝑤                     (9) 

 

where 𝑆𝑜 is the solar constant (1367 

Wm -2) and 𝜏𝑠𝑤 is the atmospheric 

transmissivity obtained via Equation 7. 

 

The longwave radiation emitted by 

the surface (𝑅𝑜𝑙,𝑒𝑚𝑖𝑡) (W m - 2) (Equation 10) 

was calculated via the Stefan–Boltzmann 

law: 

 

𝑅𝑜𝑙,𝑒𝑚𝑖𝑡 = 𝜀0𝜎𝑇𝑠
4                                    (10) 

 

where 𝑇𝑠 represents the surface 

temperature in Kelvin; 𝜀0 represents the 

emissivity of each pixel; and σ represents the 

Stefan–Boltzmann constant (σ = 5.67. 10 -8 

W m -2 K -4). 

 

The surface temperature (K) was 

calculated via the radiance and emissivity in 

the thermal band spectral domain (𝜀𝑁𝐵) via 

Equation 11: 

 

𝑇𝑆 =
𝐾2

ln(
𝜀𝑁𝐵 .  𝐾1

𝐿𝜆,10−0,29
+1)

                                (11) 

 

where K 1 = 774.89 W m -2 sr -1 µm -1 

and K 2 = 1321.08 W m -2 sr -1 µm -1; the K 

terms correspond to the first and second 

radiation constants of band 10 (obtained 

from the image metadata);𝐿𝜆,10 is the 

spectral radiance of the thermal band; and 

0.29 Wm -2 sr -1 µm -1 is the calibration 

coefficient of the monochromatic spectral 

radiance. 

 

The emissivities 𝜀𝑁𝐵 and 𝜀0 were 

estimated on the basis of the 

parameterization obtained as a function of 

the leaf area index (LAI) (Equations (12) and 
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(13)) ( ALLEN; TASUMI; TREZZA, 2007) 

: 

 

𝜀𝑁𝐵 = 0,97 + 0,0033 . 𝐼𝐴𝐹                    (12) 

 

𝜀0 = 0,95 + 0,011 . 𝐼𝐴𝐹                        (13) 

 

Information on the vegetation indices 

(IAF, SAVI and NDVI) was obtained as 

follows: 

The leaf area index (LAI) was 

computed via the empirical equation 

obtained by Allen et al. (2002) according to 

Equation (14): 

 

𝐼𝐴𝐹 = −
ln (

0,69−𝑆𝐴𝑉𝐼

0,59
)

0,91
                              (14) 

 

The vegetation index adjusted for 

soil effects, i.e., the soil adjusted vegetation 

index (SAVI), was obtained according to 

Equation (15): 

 

𝑆𝐴𝑉𝐼 =
(1+𝐿).(𝑟4−𝑟5)

(𝐿+ 𝑟4+𝑟5)
                               (15) 

 

where L is a soil parameter, 

considered in this study as L = 0.5, used for 

intermediate vegetation densities (HUETE , 

1988) and where 𝑟4 and 𝑟5 are the solar 

spectral reflectances corresponding to the 

near infrared (band 5) and red (band 4) 

regions, respectively. 

 

The normalized difference vegetation 

index difference vegetation index (NDVI) 

was obtained according to Equation (16) 

described by Rouse et al . ( 1974) : 

 

𝑁𝐷𝑉𝐼 =
𝑟5−𝑟4

𝑟5+𝑟4
                                         (16) 

 

The longwave radiation emitted by 

the atmosphere toward the surface 

𝑅𝑜𝑙,𝑎𝑡𝑚(W m -2) was calculated via the 

Stefan–Boltzmann equation (Equation 17): 

 

𝑅𝑜𝑙,𝑎𝑡𝑚 = 𝜀𝑎𝜎𝑇𝑎
4                                    (17) 

 

where σ is the Stefan–Boltzmann 

constant; 𝑇𝑎 is the surface air temperature 

(K); and 𝜀𝑎  is the atmospheric emissivity, 

obtained according to Duarte, Dias and 

Maggiotto (2006)  (Equation 18): 

 

𝜀𝑎 = 0,625 . (
𝑒𝑎

𝑇𝑎
)

0,13

                              (18) 

 

E m where 𝑒𝑎 is the vapor pressure 

(Pa) and e 𝑇𝑎 is the surface air temperature 

(K). 

 

The comparative analysis was 

performed by calculating the absolute errors 

(EAs) and relative errors (ERs) of the 

estimated Rn data according to Equations 19 

(EA) and 20 (ER): 

 

𝐸𝐴 = |𝑅𝑛𝑜 ∗ 𝑅𝑛𝑒|                                  (19) 

 

𝐸𝑅 =
|𝑅𝑛𝑜∗𝑅𝑛𝑒|

𝑅𝑛𝑜
∗ 100%                          (20) 

 

where 𝑅𝑛𝑜 represents the 

information observed in the field (coinciding 

with the time of the satellite passage) at the 

micrometeorological tower and where 𝑅𝑛𝑒 

represents the information estimated by the 

SEBAL model. 

 

 

5 RESULTS AND DISCUSSION 

 

5.1 Meteorological variables of the region 

 

Figure 4 presents the average data 

collected by the sensors installed in the 

tower, which refer to the meteorological 

variables: air temperature (Tar), relative 

humidity (RH) and precipitation (PP) for the 

period from January 2018 to December 

2019, as well as the average data of the 

climatological normal (NC) for the same 

variables (Tar-NC, RH-NC and PP-NC, 

respectively). In the period between January 

and May, the highest levels of precipitation 

(PP) and relative humidity (RH) and the 

lowest average air temperature (Tar) are 
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observed, whereas in the period between 

August and November, the lowest 

accumulated precipitation (PP) and highest 

average Tar are observed. When comparing 

the values obtained in the tower with the 

climatological normal (whose focus is the 

identification of the average value of a 

climatic variable in a delimited period), it is 

possible to notice a pattern similar to that 

presented in the graph plotted with the data 

of the present study, verifying that for RH, 

there was a greater difference (7.3%), 

whereas in relation to Tar, the values 

obtained in the field were lower in the 

months of January to May and December 

and higher from June to November. The 

precipitation (PP) data revealed that 

February was the month with the highest 

average rainfall, and this month presented a 

148 mm difference from the climatological 

normal.

 

Figure 4(a) Average monthly air temperature and monthly relative humidity (collected by 

sensors in the tower and climatological normal-NC) and (b) average total monthly 

precipitation in the period from 2018--2019. 

 
Source: Denis Pinho de Sousa (2019). 

 

The data obtained corroborate the 

climatic characterization of Capitão Poço by 

Pacheco and Bastos (2001), in which the 

authors define four distinct periods during 

the year for the municipality: the rainy 

period (December--May), dry period 

(October), dry period (July --September) and 

transition period (June--November). 

 

5.2 Surface temperature (TS) and net 

radiation (Rn) 

 

TS is essential within SEBAL, as it is 

computed from the values of longwave 

radiation emitted by the surface (Equation 

11). In the analyzed scene, regarding the 

surface temperature (TS) for day 151/2018, 

within the rainiest period in the region, an 

estimated average of 25.39 °C was obtained 

(with a maximum of 27.47 °C and a 

minimum of 21.28 °C). For day 241/2019, 

within the period in which PP accumulations 

decreased and the region's Tar averages 

began to rise, the estimated average was 27.2 

°C (with a maximum of 34.21 °C and a 

minimum of 21.30 °C). In Figure 5, the 

highest TS records (in yellow, orange, and 

red) are located in areas designated for 

agriculture and in areas of exposed soil, 

where values above 30 °C are reached. The 

lowest TS values observed are mainly in 

regions covered by dense vegetation and 

secondary vegetation, water bodies and 

clouds, with average temperatures of 

approximately 20 °C recorded at these 

points.
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Figure 5 Surface temperature (TS) estimated via SEBAL. (5.a) Day 151/2018; (5.b) day 

241/2019. 

 
Source: Authors (2021). 

 

The results obtained for TS in this 

study corroborate the research carried out by 

Crispim et al. (2020) in Santa Luzia do Pará, 

a municipality bordering Capitão Poço, 

belonging to the same mesoregion, in which 

the authors, when using remote sensing, 

identified an increase in TS in areas of 

exposed soil, recorded temperatures above 

29 °C and a decrease in TS values in areas 

with dense vegetation, clouds and water 

bodies, where they obtained values below 22 

°C. 

Figure 6 shows the spatial 

distribution of surface temperature, 

estimated via SEBAL, in the açai plantation 

plot, which presented an overall scene 

average of 26.39 °C. For DSA 151/2018, the 

maximum temperature was 25.72 °C, and 

the minimum temperature was 25 °C. This 

period (the period corresponding to the 

scene) is considered the rainiest period in the 

region, as shown in Figure 4.b, which shows 

the average total monthly precipitation. For 

DSA 241/2019, the maximum temperature 

was 27.75 °C, and the minimum temperature 

was 26.10 °C, in accordance with the dry 

period (July --September), characterized by 

Pacheco and Bastos (2001) in their studies in 

Capitão Poço.
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Figure 6 Surface temperature estimated via SEBAL in the açai plantation. On (a) day 151/2018 

and (b) day 241/2019. 

 
Source: Authors (2021). 

 

In the analyzed scene, in relation to 

R n, an average of 575.10 W/m² was 

recorded for day 151/2018, and 623.85 

W/m² was recorded for day 241/2019. In 

Figure 7, the distribution of the estimated 

values of R n at the surface is observed, and 

there is an oscillation of values below 200 

W/m² (in green, values referring to clouds in 

the image) and values on the order of 700 

W/m² (in red). The R n peaks were recorded in 

areas of forest and secondary vegetation, 

according to Jensen (2015), which occurred 

because these areas have a high leaf area 

index, and the soil is well supplied with 

water, which causes the temperature to 

decrease, also decreasing the emission of 

long waves, which consequently increases R 

n. R n peaks were also recorded in areas with 

water bodies, as water has low reflectance, 

thus causing greater energy absorption 

(PEREIRA et al., 2007).
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Figure 7Distribution of R n estimated via SEBAL. (a) Day 151/2018, (b) day 241/2019. 

 
Source: Authors (2021). 

 

The lowest values were recorded in 

modified areas, such as exposed soil and 

those designated for agricultural activities, 

as in these areas, there is a smaller amount of 

energy stored on the surface due to the 

smaller amount of vegetation cover and, 

according to Asner et al. (2000), under these 

conditions, the influence of the leaf 

component on the spectral response is 

reduced. Other studies have reported lower 

R n values in areas with low or no vegetation 

cover (GOMES et al., 2009; SANTOS; 

NASCIMENTO; RAO, 2011). Thus, the 

radiation balance follows a decreasing trend 

as the transition from an area of vegetation 

to one with exposed soil occurs. 

The trend of decreasing estimated Rn 

values in the transition from areas of dense 

vegetation to areas of exposed soil was also 

verified in the study by Silva et al. (2015). In 

their analysis, this reduction was observed in 

accordance with the change in land cover, 

with higher averages observed in native 

Amazon forests and lower averages in 

pasture areas in southwestern Amazonia, 

largely due to the higher albedo of these 

covers (grass vegetation) compared with the 

pattern observed in forest regions. The 

variation in Rn during the rainy season 

(151/2018) in relation to the dry season 

(241/2019) increased by approximately 8% 

because even with little cloud cover, as 

observed in Figure 6.a, the atmosphere 

during this period of the year is more humid, 

contributing to greater absorption of incident 

shortwave radiation than what occurs during 

the drier period. 

An approximate percentage was 

found by Rothmund et al. (2019) in the 

southern region of the Amazon rainforest, 

where the authors reported variations of 7% 

and 6% from the rainy to the dry season in 

forest and pasture areas, respectively. 

Studies by Pavão et al. (2016) and Santos et 

al. (2014), using SEBAL, also recorded a 

decrease in R n values as the scenes transitioned 

from Amazon rainforest areas to pasture 

regions. 

Figure 8 shows the spatial 

distribution of R n estimated with SEBAL in 

the açaí plantation plot, which presented a 

general average of 632.62 W/m². This value 

was lower than that reported in other studies 

carried out in the Amazon biome. Borella et 

al. (2018), analyzing Rn through SEBAL in 

irrigated agricultural areas (Cerrado–

Amazon transition) south of the Amazon 

biome, obtained an average of 549.74 W/m². 
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De Oliveira et al. (2016), analyzing the 

radiation balance in the Amazon, in areas of 

native vegetation and pastures, in the 

southwest of the state of Pará, recorded an 

average R n of 505.5 W/m². Notably, in the 

analysis carried out in this study, the lowest 

value observed within the plantation was 

548.91 W/m² on 151/2018, and the highest 

value was 662.94 W/m² on 241/2019.

 

Figure 8Distribution of R n estimated by SEBAL in açaí planting. (a) Day 151/2018, (b) day 

241/2019. 

 
Source: Authors (2021). 

 

In Figure 8, we can observe that there 

are different Rn values in the plot itself (for 

day 151/2018, the average, maximum and 

minimum values were 616.21 W/m², 633.67 

W/m² and 548.91 W/m², respectively; for 

day 241/2019, these values were 648.59 

W/m², 662.94 W/m² and 627.52 W/m², 

respectively), which are being directed to 

different processes (PICCOLO, 2019), since 

the energy available in the environment can 

be distributed for heating the air and soil as 

well as for plant transpiration processes 

(BIUDES et al., 2015), which demonstrates 

the importance of considering the spatial 

variability existing in the area for analyses in 

different studies, including Rn, which is 

another option to assist in decision-making 

regarding irrigation management. 

Table 3 presents the average surface 

temperature (TS) estimated by the 

algorithm, the Rn values obtained at the 

micrometeorological station, the R n values 

estimated by SEBAL for the location of the 

micrometeorological tower, and the relative 

(ER) and absolute (EA) errors of R n for the 

two study dates.
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Table 3. Surface temperature (TS) and R n obtained by the micrometeorological tower sensors, 

R n estimated via SEBAL, and the relative error (ER) and absolute error (EA) of 

the estimated R n. 

Julian Day 
TS observed 

(°C) 

R n observed 

(W m-²) 
R n (W m-²) 

ER 

(%) 

EA 

(W m -2 ) 

151/2018 29.65 608.60 603.68 0.98 4.92 

241/2019 30.15 647.10 631.44 3.4 15.66 
Source: Authors (2021). 

 

The errors observed in this study 

presented a good estimate and are in 

agreement with the literature on this subject, 

according to Daughtry et al. (1990), for 

studies involving measurements and 

estimates of Rn via multispectral remote 

sensing data and surface data recorded by an 

automatic meteorological station from 

Campbell Scientific, the errors are less than 

7%. Santos et al. (2010) and Oliveira and 

Moraes (2013), using the methodology to 

obtain Rn via SEBAL, reported promising 

relative error results for this component. In 

their studies at the Jaru Biological Reserve 

(REBIO Jaru) and Rondônia, respectively, 

these authors reported errors ranging from 

2% to 16%, both in the Legal Amazon. 

Studies involving net radiation estimates via 

SEBAL are still rare in the state of Pará; 

however, the use of this methodology can 

contribute to estimating Rn, since this is one 

way to obtain ecosystem responses to 

environmental conditions. 
 
 

6 CONCLUSIONS 

 

The values of R n and TS, estimated 

by SEBAL, changed according to the 

modification of the landscape from dense 

forests to pasture areas and exposed soil and 

according to the season. 

The results obtained from the use of 

the SEBAL algorithm for the R n component 

were satisfactory because the relative error 

was less than 7%, in accordance with the 

literature. 

SEBAL was sensitive in 

differentiating the types of soil cover in the 

analyzed scene, as well as in the açai 

plantation itself, proving to be an effective 

tool that can be used to assist in decision-

making regarding irrigation management. 
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