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1 RESUMO 

 

Análises espaciais e temporais de parâmetros biofísicos permitem avaliar no meio ambiente 

os impactos e as degradações decorrentes do uso e ocupação do solo, permitindo orientar 

políticas de reversão em um quadro de degradação ambiental. Dessa forma, o presente 

trabalho teve como objetivo estimar e analisar a dinâmica espaço–temporal dos parâmetros de 

albedo da superfície, NDVI e do IAF, através da aplicação do algoritmo METRIC (Mapping 

evapotranspiration at high resolution with internalized calibration) a partir de técnicas de 

sensoriamento remoto, em uma área irrigada com banana-nanica no município de Barbalha, 

CE. Na obtenção de tais estimativas foram utilizadas imagens do satélite Landsat-8 OLI/TIRS 

e dados meteorológicos da estação meteorológica automática localizada no município 

estudado em diferentes épocas do ano de 2016. Os resultados obtidos revelaram consistências 

com dados da literatura, que não houve grande variação temporal na área estudada para os 

parâmetros avaliados e que as temperaturas mais altas, foram estimadas em áreas de menores 

umidades. Conclui–se que os parâmetros biofísicos avaliados pelo algoritmo METRIC são 

eficazes e eficientes na compreensão da dinâmica dos padrões espaciais, temporais e 

espectrais de regiões semiáridas.  

 

Keywords: sensoriamento remoto, NDVI, temperatura da superfície, TM-Landsat 8. 
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2 ABSTRACT 

 

Spatial and temporal analyses of biophysical parameters make it possible to assess the 

impacts and degradation resulting from land use and occupation on the environment, allowing 

guidance on reversal policies in the context of environmental degradation. Thus, the present 
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work aimed to estimate and analyze the spatiotemporal dynamics of surface albedo 

parameters, NDVI, LAI and surface temperature through the application of the METRIC 

algorithm (mapping evapotranspiration at high resolution with internalized calibration) to 

remote sensing techniques in an irrigated area with a midget banana in the municipality of 

Barbalha, CE. To obtain such estimates, images from the Landsat-8 OLI/TIRS satellite and 

meteorological data from the automatic meteorological station located in the municipality 

studied at different times of the year 2016 were used. time in the study area for the evaluated 

parameters, and the highest temperatures were estimated in areas with lower humidities. The 

biophysical parameters evaluated by the METRIC algorithm are effective and efficient in 

understanding the dynamics of the spatial, temporal and spectral patterns of semiarid regions. 

 

Keywords: remote sensing; NDVI, surface temperature, TM Landsat 8. 

 

 

3 INTRODUCTION 

 

The study of the variables that make 

up the energy balance, as well as values 

derived from heat flux and 

evapotranspiration, is essential for 

understanding the dynamics of the 

hydrological cycle. These estimates make it 

possible, for example, to plan irrigation 

activities, estimate the need for soil water 

replenishment and develop studies on 

subsurface water recharge, in addition to 

enabling the understanding of climate and 

environmental changes (Martins; Galvani, 

2020). 

Remote sensing-based solutions 

have been developed to minimize 

inconsistencies in methods related to 

measurements and information on 

consumptive water use, both at the 

agricultural crop scale and over large areas 

(watersheds to large geographic regions). 

However, existing methods lack validation, 

calibration and improvements that reflect 

the climatic and hydrological reality of the 

application area and that allow for more 

accurate ET estimates (Melton et al.). , 

2022). 

The use of space science techniques 

such as remote sensing and satellite 

technology for ET estimation in agriculture 

has recently become very popular. This 

approach provides a consistent and cost-

effective solution to field-based 

measurement methods. Typically, sensors 

in the field provide input recommendations 

and regulate water and nutrient 

requirements. The spatial variation in these 

requirements is captured by GPS receivers 

(Djaman et al., 2018). Therefore, Liakos et 

al. (2018) reported that automated area 

management using agricultural automation 

equipment and systems will be increasingly 

widely used in the future. Deep learning 

technology and spectral analysis can be 

used as examples. 

In recent decades, production 

systems have improved techniques for 

producing more water, reducing the volume 

of water applied, especially in regions such 

as the Brazilian semiarid region, which 

faces the problem of water scarcity 

(Santiago et al., 2017; Oliveira; Braga, 

2019; Silva; Barbosa, 2021). 

The determination of biophysical 

parameters by sensing techniques has 

several purposes, which generally involve 

estimating the change in vegetation cover 

over time caused by human activity in the 

area of interest, as seen in the studies by 

Simões, Lima and Mendonça (2021), Ivo et 

al. (2020), Leal et al. (2019), Silva et al. 

(2019) and Pezzoni Filho et al. (2018). 
According to Diniz et al. (2021), the 

use of remote monitoring allows estimation, 

in addition to the components of the water 

balance, of the actual daily 

evapotranspiration via the METRIC 
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algorithm, obtaining results in line with 

those found in the bibliography, for the 

irrigated area. 

The use of biophysical parameters 

used in environmental monitoring, some of 

which are used to determine energy balance 

and evapotranspiration, makes it possible to 

more easily estimate desertification 

processes, indicating possible terrestrial 

degradation, as advocated by Allen et al. 

(2002), who state that it encourages the use 

of techniques such as remote sensing, 

which allows the use of reliable and more 

precise methods through satellite images. 

The determination of biophysical 

parameters by sensing techniques has 

several purposes: measuring the variability 

in vegetation cover, assessing 

environmental impacts and quantifying 

anthropogenic interference in different 

classes of land use. In addition, they are 

used in the process of determining the 

actual evapotranspiration of irrigated crops 

(Cordão et al.). 2023). 

The determination of biophysical 

parameters such as albedo, the normalized 

difference vegetation index and surface 

temperature by sensing techniques has 

several purposes, which, in general, is to 

estimate the change in vegetation cover 

over time caused by human activity in the 

study area, as verified by Simões, Lima and 

Mendonça (2021) and Ivo et al. (2020). 

Among the various biophysical 

indices most commonly used, albedo, 

which is found on vegetated surfaces, 

depends on the texture of the soil and the 

physiological conditions of the plant 

canopy. In dry soil, the albedo is 

significantly greater than that observed in 

moist soil, whereas a smooth surface has a 

greater albedo than a rough surface 

(Martins; Rosa, 2016). 

The normalized difference 

vegetation index (NDVI) is one of the most 

widely used vegetation indices in remote 

sensing. It is calculated from red and near-

infrared reflectances and excels in 

identifying vegetated areas with greater 

precision (Santana et al., 2018). The NDVI 

has been used to express vegetation 

variability, observe its correlation with 

climatic conditions (Chu et al., 2019), 

assess vegetation in precision agriculture, 

and monitor plant health and crop growth 

status (Nicholas; Ng; Tew, 2022; Bouskour; 

Bahatti; Zaggaf, 2023). 

According to Ruhoff (2011), surface 

temperature (Ts) is very important for 

describing Earth's surface processes and is 

used in climatic, hydrological, and 

biological studies. Therefore, there are 

significant correlations between surface 

temperature and most variables, indicating 

that surface temperature is the main 

biophysical parameter for determining 

radiation balance, heat fluxes and 

evapotranspiration (Martins; Galvani, 

2020).  Given the above, the objective of 

this study is to perform a spatiotemporal 

analysis of the vegetation area in a 

municipality in the Brazilian semiarid 

northeastern region via biophysical indices, 

albedo, the normalized difference 

vegetation index (NDVI), and the leaf area 

index (LAI). 

 

 

4 MATERIALS AND METHODS 

 

4.1. Characterization of the 

study area 

 

The study was carried out in an area 

where dwarf bananas (Musa spp.) are 

cultivated, which is located in the 

municipality of Barbalha (Figure 1), in the 

Cariri Metropolitan Region of the state of 

Ceará, whose geographic coordinates are 

07° 17' 07.91" South and 39° 12' 58" West 

(Google Earth Pro, 2020). 

The city of Barbalha is 553 km from 

the state capital, with an altitude of 415 m 

above sea level; has an area of 569.51 km²; 

has a population of 55,533 inhabitants; is 

located at the foot of Chapada do Araripe; 
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and has a GDP equivalent to R$ 455,763.00 (IBGE, 2015).

 

Figure 1. Location of the experimental area in Barbalha, CE 

 
Highlighting the sample plot with irrigated cultivation of dwarf banana [D]- In [A], the map of Brazil highlights 

the State of Ceará; in [B], the map of Ceará highlights the Metropolitan Region of Cariri; and in [C], the map of 

the municipality of Barbalha, 2024. 

Source: The authors (2024) 

 

4.2. Data 

 

The climate information collected 

was obtained from the automatic 

meteorological station in Barbalha, Ceará 

(National Institute of Meteorology, 2016). 

The Operational Land Imager (OLI) 

and Thermal software were used. The 

infrared sensor - TIRS of the Landsat 8 

satellite, orbit 217 and point 65, acquired 

from the United States Geological Survey 

(USGS, 2016), corresponds to the following 

days: May 22 (days after sowing (DAS) 

143), August 10 (DAS 223), and October 

29 (DAS 303) of 2016. 

 

 

 

 

 

4.3. Methodological procedures 

 

After the images were obtained from 

the USGS, ERDAS Imagine software was 

used. This model allows the graphic 

creation of a workflow and execution from 

one or more input data points, producing an 

output (aster image). It is used to perform 

the processes of stacking the bands, 

cropping the stacked images, and 

processing the images via the Model Maker 

tool, which is responsible for mathematical 

operations for each stage assigned to the 

study and is an indispensable tool for 

processing the images and obtaining 

estimates of the radiation and energy 

balances. 

The computational steps in the 

process of obtaining biophysical parameters 
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through METRIC are described in the diagram represented in Figure 2. 

 

Figure 2. Diagram of computational steps in processing to obtain biophysical parameters via 

the METRIC algorithm. 

 
Source: The authors (2024) 

 

The computational steps described 

above began with the selection and 

processing of images that occurred 

according to the choice of images with low 

cloud cover, aiming at better processing 

quality, meeting the research requirements 

and the dates with the representation of the 

soil cover conditions in rainy and dry 

periods. Using the data obtained from the 

meteorological station described in Table 1, 

it was possible through METRIC to 

estimate the biophysical parameters as 

described below. 

 

Table 1. Meteorological data used to obtain the reference evapotranspiration (ET θ) according 

to the Penman–Monteith method for the Barbalha-CE region. 

Date of 

images 

Temperature 

(°C) 

U. relative 

(%) 

Speed 

Wind, 

(m/s) 

Radiation 

Global 

MJ/m2 / d 

ET r of 

Reference 

(mm)  Max Min Max Min 

05/22/2016 28.4 26.7 75.0 71.0 2.1 22.9 4.1 

10/08/2016 23.3 19.6 69.0 63.3 2.2 23.5 4.5 

10/29/2016 24.8 21.0 57.6 51.3 2.1 27.9 5.9 

U: Humidity; Max: Maximum; Min: Minimum 

Source: DINIZ et al. (2021) 

 

 METRIC was used to estimate the 

different components of the surface energy 

balance. The first step, called spectral 

radiance or radiometric calibration (Lb), 

corresponds to the solar energy reflected by 

each pixel per unit of area, time, solid angle 

and wavelength measured at the Landsat 8 

OLI/TIRS satellite level for bands 2, 3, 4, 5, 

6 and 7 and thermal band 10. It is 

determined on the basis of the additive and 

multiplicative terms in each band via 

Equation 1 (Chander; Markham, 2003; 

Silva et al., 2016). 

 

Lb =  Addrad,b + Multrad,b. NDb       (1) 

 

Where Add rad,b is the additive term 

and Mult rad,b is multiplicative relative to the 

radiance (extracted from the metadata of 

each OLI image) and is the intensity of each 

pixel and the band (values between 0 and 

65,365) observed from the images. 

To determine the planetary 

reflectivity (r b), it was necessary to convert 

the quantized and calibrated gray level 

values of each OLI band to reflectances. In 

this way, the radiometric coefficients 

related to reflectance, available in the image 
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metadata, were used (Chander; Markham, 

2003; Silva et al., 2016). The 

monochromatic reflectance of each pixel 

rb(W m -2 sr -1 μm -1) is given by Equation 

2: 

 

rb =
(Addref,b+Multref,b.NDb)

cos Z.dr
                   (2) 

 

4.3.1. Surface albedo 

 

It is given by the ratio of the 

reflected solar radiation to the global solar 

radiation incident on the surface in the 

entire domain of shortwave radiation at the 

surface (0.3--3.2 μm). The computation of α 

s is obtained through Equation 3 with the 

linear combination of the monochromatic 

reflectances of each band: 

 

αs = ∑ (ρs,b .  ɷb)𝑛
𝑏=1                                 (3) 

 

Where ω b expresses the weight of 

each band, ρ s,b represents the reflectance of 

each TM band, and the reflectance of each 

band corrected for atmospheric effects is 

given by the ratio between the reflected 

solar radiation - R out s,b for each band and 

the incident radiation- R in s,b (Equation (4)) 

on the surface, which can be expressed 

according to the following expression 

(Allen; Tasumi; Trezza, 2007): 

 

ρs,b =
𝑅out s,b

𝑅in s,b
=  

ρt,b−ρa,b 

𝜏in,b .  𝜏out,b
                    (4) 

 

Where ρ s,b is the reflectivity of the 

pixel to the surface; ρ t,b is the b-band 

reflectivity at the top of the atmosphere; ρ 

a,b is the atmospheric reflectance; 𝜏in,b  is 

the atmospheric transmissivity for incident 

solar radiation; and 𝜏out,b is the 

transmissivity for solar radiation reflected 

by the surface. According to Allen, Tasumi 

and Trezza (2007), τin, b, and τ out, b are 

responsible for the attenuation of both 

beams and diffuse radiation. 

The b-band reflectivity at the top of 

the atmosphere is estimated according to 

Equation 5 (Allen; Tasumi; Trezza, 2007): 
 

ρt,b =  
𝜋𝐿𝑡,𝑏𝑑2

𝐸𝑆𝑈𝑁𝑏 cos 𝜃𝑟𝑒𝑙
                                  (5) 

 

where L t,b = the reflected energy 

measured in the b-band from the satellite 

(Wm − 2 ster – 1 µ m − 1), d = the Earth–Sun 

distance in astronomical units, ESUN b is the 

mean solar exoatmospheric radiation over the 

b-band (Wm – 2 µm − 1), and cos θ rel is the 

cosine of the solar angle of incidence (or 

solar zenith angle) relative to the normal to 

the inclination of the Earth's surface and 

can be determined via Equation 6 (Allen; 

Tasumi; Trezza, 2007): 

 

cos(𝜃) = sin(𝛿) sin(𝜙) cos(𝑆) −  sin(𝛿) cos(𝜙) sin(𝑆) cos(𝛾)                   (6) 

 

 

Where 𝛿 is the sun's declination, 𝜙 
is the central latitude of the scene, s is the 

pixel tilt (s = 0 for horizontal slope and s=
𝜋

2
 

for vertical slope), ω is the hour angle in 

radians (ω = 0 at noon, negative in the 

morning and positive in the afternoon), and 

γ is the azimuthal angle of the surface (γ = 

0 for south-facing slopes, γ =  −
𝜋

2
for east-

facing slopes, γ = + 
𝜋

2
 for west-facing slopes 

and γ = ±𝜋 for north-oriented slopes). The 

atmospheric reflectance ρa,b is given by 

Equation 7 (Allen; Tasumi; Trezza, 2007): 
 

ρa,b =  𝐶𝑏(1 − 𝜏in,b)          (7) 

 

where C b is the coefficient derived 

from the radiative transfer model. The 

transmittance values are given according to 

Allen, Tasumi and Trezza (2007) and are 

determined via Equations 8 and 9:



Diniz , et al.                                                                              797 

 

 

Irriga, Botucatu, v. 28, n. 4, p. 791-804, outubro-dezembro, 2023 

 

 

𝜏in,b = 𝐶1𝑒𝑥𝑝 [
𝐶2𝑃

𝐾1 cos 𝜃ℎ𝑜𝑟
−  

𝐶3𝑊+ 𝐶4

cos 𝜃ℎ𝑜𝑟
] +  𝐶5                                                                              (8) 

 

𝜏out,b = 𝐶1𝑒𝑥𝑝 [
𝐶2𝑃

𝐾1 cos ŋ
− 

𝐶3𝑊+ 𝐶4

cos ŋ
] +  𝐶5                                                                            (9) 

 

Where C1, C2, C3, C4 and C5 are 

the coefficients derived from the radiative 

transfer model, which are the same as those 

indicated by Allen, Tasumi and Trezza 

(2007); P is the atmospheric pressure (kPa); 

W is the precipitable water (mm); K 1 is the 

atmospheric turbidity coefficient (default 

value = 1.0); and𝜃ℎ𝑜𝑟 is the solar zenith 

angle, ŋ which is the angle of view of the 

sensor relative to the perpendicular 

horizontal surface. In the case of Landsat, 

the cosŋ = 1. 
The value of  cos 𝜃ℎ𝑜𝑟 is obtained 

by reducing Equation (6), giving rise to 

Equation (10). 

 

cos 𝜃ℎ𝑜𝑟 = sin(𝛿) sin(𝜙) + cos(𝛿) cos(𝜙) cos(𝜔)                  (10) 

 

 

4.3.2. Vegetation indices (NDVI, LAI) 

 

The normalized difference 

vegetation index (NDVI) is a ratio of the 

difference in the reflectances of the near-

infrared (ρIV) and red (ρV) bands to the sum 

of the same (Equation (11)) according to 

Allen et al. (2002), in which the 

corresponding bands in Landsat 8 are bands 

4 and 5. 

 

𝑁𝐷𝑉𝐼 =
(𝜌𝐼𝑉− 𝜌𝑉)

(𝜌𝐼𝑉+ 𝜌𝑉)
        (11) 

 

The LAI-leaf area index is defined 

by the ratio between the leaf area of all 

vegetation per unit area used by this 

vegetation and is considered an indicator of 

the biomass of each pixel in the image 

(Allen et al., 2002). Its equation is based on 

the calculation involving SAVI, using 

Equation (12), obtained by Allen et al. 

(2002): 

 

IAF = −
ln(

0,69−SAVI

0,59
)

0,91
   (12) 

 

 

5 RESULTS AND DISCUSSION 

 

5.1 Surface albedo 

 

Figure 3 (A, B and C) shows 

thematic maps of the surface albedo in an 

experimental area in the municipality of 

Barbalha, CE. The cultivated area 

(highlighted by the black line) presented an 

albedo of 0.16 on May 22, 0.16 on August 

10, and 0.18 on October 29. The highest 

albedo values obtained by METRIC in the 

area varied between 0.26 and 0.38 in places 

with exposed soil, and the lowest albedo 

values were between 0.09 and 0.14. 
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Figure 3. Thematic maps of surface albedo in the municipality of Barbalha, CE: May 22 (A), 

August 10 (B) and October 29 (C) of 2016. 

 
Source: The authors (2023) 
 

In general, the surface albedo values 

did not vary significantly, but in October, 

which is the dry season in the region, a 

greater concentration of extreme surface 

albedo values was observed around the 

study area, confirming the estimate by 

Bezerra et al. (2014), who obtained higher 

albedo values during the dry season in areas 

of exposed soil in the semiarid region of the 

state of Rio Grande do Norte. 

 

5.2 Vegetation Indices  

 

5.2.1 NDVI 

 

Figure 4 (D, E and F) shows 

thematic maps of the NDVI in an 

experimental area (highlighted by the black 

line) in the municipality of Barbalha, CE, 

with NDVI values of 0.85 on May 22, 0.83 

on August 10 and October 29. 

The lowest NDVI values were 

observed in areas with an exposed soil 

density of 0.26 and from 0.35 to 0.52 in 

areas with low vegetation density. These 

results corroborate the values reported by 

Santos et al. (2020), who reported the 

lowest NDVI values in exposed soil in the 

state of Alagoas in 2016. In addition, Alves 

et al. (2015) and Gomes et al. (2013) 

reported values between 0.09 and 0.25 for 

exposed soil in the municipality of Água 

Branca, AL, and in areas of sparse 

vegetation, values ranging from 0.26--0.43 

were found. 
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Figure 4. NDVI thematic maps in the municipality of Barbalha, CE: May 22 (D), August 10 

(E) and October 29 (F) of 2016. 

 
Source: The authors (2023)  

 

5.2.2 IAF 

 

Figure 5 (G, H and I) shows 

thematic maps of IAF-METRIC. The 

higher IAF values in the irrigated 

agricultural area, which ranged between 4.0 

and 6.0, were considered high compared 

with those reported by Gameiro et al. 

(2016), who, in an area with natural 

irrigation of fruit growing, in the coastal 

region of Ceará, identified an IAF of 0.11 

in a wet period, and by Oliveira et al. 

(2012), who obtained instantaneous average 

IAF results between 0.40 and 2.47. 

 

Figure 5. Thematic charts of the leaf area index (IAF - METRIC) in the municipality of 

Barbalha - CE: May 22 (G), August 10 (H) and October 29 (I) of 2016. 

 
Source: The authors (2023)  

 

 

6 CONCLUSION 

 

Remote sensing techniques have 

made it possible to identify, map and 

analyze the biophysical parameters of the 

surface in an irrigated area in the State of 

Ceará. 

There were no significant variations 

in surface albedo for the period studied. 

 The vegetation indices (NDVI and 

IAF) are related to rainfall; the month of 

May, which precedes the rainy season in the 

Ceará region, is the period that presents 

conditions for the development of banana 
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crops, leading to the most expressive values 

of these indices. 

Finally, research on this topic is 

relevant, as it analyzes physical‒chemical 

interactions and interferences and, with the 

use of algorithms such as METRIC, allows 

the identification of differences in the 

spatial and temporal patterns of biophysical 

parameters in response to land use and 

occupation and generates support for 

adequate management and decision-making 

regarding water resources. 
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