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1 RESUMO 

 

A  região  semiárida  brasileira  apresenta  limitada  disponibilidade  de  recursos  hídricos,  além disso, profundas alterações no uso e ocupação do solo estão previstas para ocorrer nas bacias hidrográficas  de  Pernambuco.  Objetivou-se  avaliar  a  evapotranspiração  real  e  mapear  áreas cultivadas por meio de sensoriamento remoto, utilizando, respectivamente, os modelos SAFER 

( Simple  Algorithm  for  Evapotranspiration  Retrieving)  e  SUREAL  ( Surface  Resistance Algorithm), na Bacia do rio Terra Nova, em trecho perenizado. Imagens do satélite Landsat-8, de  2015  a  2020,  foram  selecionadas.  Calculou-se:  Índice  de  Vegetação  da  Diferença Normalizada  (NDVI),  albedo,  temperatura  de  superfície,  evapotranspiração  de  referência  e evapotranspiração real. As imagens foram processadas no  Google Earth Engine (GEE) e no software QGIS 3.16. Notou-se aumento no índice de cobertura vegetal. Regiões com maiores valores  de  evapotranspiração  real  estão  ligadas  àquelas  com  temperaturas  mais  baixas. 

Observou-se  uma  menor  quantidade  de  áreas  cultivadas  no  trecho  do  Rio  Terra  Nova  nas imagens de 2015. Verificou-se o aumento da agricultura na região às margens desse rio, em seu trecho perenizado, de 29,5; 15,2; 7,7; 7,6; e 12,9 km² em 18/07/2016, 22/06/2018, 28/10/2018, 13/11/2018, e 20/12/2020, respectivamente. Além da intensidade de precipitação, a liberação das águas do PISF pode ter contribuído para o aumento de áreas irrigadas na região. 

 

Palavras-chave: sensoriamento remoto, agricultura irrigada, SAFER, SUREAL.  
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2 ABSTRACT 

 

The Brazilian semi-arid region has limited availability of water resources, in addition, profound changes in land use and occupation are expected to occur in the river basins of Pernambuco. 

The objective was to evaluate the actual evapotranspiration and to map cultivated areas through remote  sensing,  using,  respectively,  the  SAFER  (Simple  Algorithm  for  Evapotranspiration Retrieving)  and  SUREAL  (Surface  Resistance  Algorithm)  models,  in  the  Terra  Nova  River Basin, in a perennial stretch. Landsat-8 satellite images from 2015 to 2020 were selected. The Normalized  Difference  Vegetation  Index  (NDVI),  albedo,  surface  temperature,  reference evapotranspiration,  and  actual  evapotranspiration  were  calculated.  Images  were  processed using the Google Earth Engine (GEE) platform and QGIS 3.16 software. There was an increase in the vegetation cover index. Regions with higher actual evapotranspiration values are linked to those with lower temperatures. It was observed a smaller number of cultivated areas in the Terra Nova River stretch in the 2015 images. Also, it was verified an increase in agriculture in the riverside region along this, in its perennial stretch, of 29.5; 15.2; 7.7; 7.6; and 12.9 km² on 07/18/2016, 06/22/2018, 10/28/2018, 11/13/2018, and 12/20/2020, respectively. In addition to the intensity of precipitation, the release of PISF waters may have contributed to the increase in irrigated areas in the region. 



Keywords: remote sensing, irrigated agriculture, SAFER, SUREAL. 

 

 

3 INTRODUCTION 

(CANCELA   et  al  .,  2019)  .  To  achieve 

 

sustainable  development  at  the  river  basin 



The  semiarid  region  of  Northeast 

scale,  The  use  of  tools  that  determine  real Brazil  has  limited  water  resources  due  to 

evapotranspiration (ETr) on a large scale is 

irregular  rainfall  patterns  (rainfall  poorly 

essential. 

distributed  temporally  and  spatially),  high 



 A 

 simple 

algorithm  

 for 

evapotranspiration  rates,  and  shallow  soils 

 evapotranspiration-retrieving (SAFER) was 

with  low  water  retention  capacity. 

developed  and  calibrated  for  semiarid 

Therefore, water management in river basins 

regions (TEIXEIRA, 2010; TEIXEIRA  et al 

is essential for the sustainable development 

.,  2015)  and  can  be  applied  with  high 

of  this  region  (MONTENEGRO   et  al., 

precision to estimate ET via satellite images; 

2013). 

this  algorithm  is  widely  used  in  Brazil 



In  the  São  Francisco  River  Basin, 

(SILVA;  MANZIONE;  ALBUQUERQUE 

several irrigated crop areas can be observed 

FILHO,  2018;  FILGUEIRAS   et  al.,  2019; (TEIXEIRA   et  al.,  2021).  Furthermore, 

VENANCIO  et al., 2021). Together with the 

profound changes in land use and occupation 

 surface resistance algorithm (SUREAL) for 

are  expected  to  occur  in  the  Pernambuco 

the  classification  of  vegetation  in  irrigated River Basin, whether due to  natural  causes 

crops and natural vegetation, it is possible to 

related to climate change or induced by the 

evaluate  irrigated  areas  with  high  spatial 

implementation  of the São Francisco River 

resolution, allowing crop management with 

Integration  Project  (PISF)  with  the  river 

precision  and  speed  (TEIXEIRA   et  al  ., basins in Northeast China. 

2014; TEIXEIRA  et al ., 2017; TEIXEIRA 



In this sense, new technologies using 

 et al ., 2021) . 

satellite  images  to  support  rational  water 



Google   Earth  Engine  (GEE)  is  a 

management  in  agriculture  have  gained 

 high-performance 

 computing 

 service 

prominence  in  the  last  two  decades. 

 platform that combines a catalog of multiple 
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 satellite images and  geospatial datasets with 4 MATERIALS AND METHODS 

planetary-scale  analysis  capabilities  via 

 

Google's cloud infrastructure technology. It 

4.1 Study area 

enables  the  analysis  and  monitoring  of 

 

deforestation,  droughts,  disasters,  disease, 



The study was carried out in the São 

food  security,  water  management,  climate 

Francisco  Basin  in  its  submiddle  stretch  in 

monitoring,  and  environmental  protection. 

the  state  of  Pernambuco.  Specifically,  an 

However, in Brazil, its use is still recent, as 

area  south  of  the  Terra  Nova  River  Basin 

among  those  currently  underway,  the 

was  analyzed  in  the  municipality  of 

MapBiomas  project  (2021)  stands  out,  an 

Cabrobó,  which  is  located  at  geographic 

annual  land use  and land cover monitoring 

coordinates  08°30'51”  S  and  39°18'36”  W. 

initiative that uses GEE in Landsat 5, 7, and 

This  area  is  located  in  the  São  Francisco 

8 images (GORELICK  et al., 2017; SILVA, 

Mesoregion  and  the  Petrolina  Microregion 

2020; GOOGLE EARTH ENGINE, 2021). 

of  the  state  of  Pernambuco,  approximately 



Therefore, the objective of this study 

536.1  km  from  the  capital,  Recife, 

was  to  evaluate  actual  evapotranspiration 

occupying  an  area  of  1658.62  km²,  which 

and map irrigated crops via remote sensing, 

represents  a  total  of  1.65%  of  the  state 

applying  the  SAFER  and  SUREAL 

(MINERAL  RESOURCES  RESEARCH 

algorithms,  respectively,  in  a  GHG 

COMPANY, 

2005; 

IBGE, 

2021; 

environment  in  the  São  Francisco  Basin, 

PERNAMBUCAN  WATPANER  AND 

surrounding  the  Terra  Nova  River,  a 

CLIMATE  AGENCY,  2021).  For  the 

semiarid  region  in  Pernambuco,  and 

analysis of irrigated agriculture on the banks 

partially perennialized by the São Francisco 

of the Terra Nova Stream, a distance of 5 km 

River Integration Project. Such analyses are 

was  considered  for  each  bank  from  the 

essential  for  environmental  planning  and 

riverbed,  starting  at  the  point  of  release  of water  resource  management  in  regions 

water  from  the  São  Francisco  River 

among different sectors of society. 

Integration Project to the mouth of the Terra 



Nova River (Figure 1). 





 

 

Irriga, Botucatu, v. 26, n. 3, p. 565-583, julho-setembro, 2021 



568                                               Estimativa da evapotranspiração... 



Figure 1. Location map of the stretch of the Terra Nova Stream, which is the subject of the study. 

 

Source: prepared by the authors. 





According  to  the  Köppen  climate 

4.2  Meteorological  data  and  satellite 

classification,  the  climate  of  the  basin  and imagery (Landsat 8 OLI/TIRS) 

the  municipality  is  hot  semiarid,  BSh 

 

(ALVARES   et  al.,  2013;  BECK   et  al., Meteorological  data  such  as  air 

2018). The region's average annual  rainfall 

temperature  (T,  °C),  wind  speed  at  10  m 

is less than 1,000 mm, and the relief, which 

height (u 10, m s -1), solar radiation (Ra, MJ 

varies  from  flat  to  undulating,  is  generally m  2  d  -1),  relative  humidity  (RH,  %)  and 

covered  by  hyperxerophilic  Caatinga. 

precipitation  (mm)  were  obtained  through 

Furthermore,  vegetation  and  land  use 

the  National  Institute  of  Meteorology 

include  portions  of  savanna  formation  and 

(INMET) from an automated meteorological 

areas  occupied  by  agricultural/livestock 

station  located  in  the  municipality  of 

activities.  Three  soil  types  predominate  in 

Cabrobó,  PE.  These  data  were  used  to 

the  basin:  Neossolos  Fluvic,  Planosols  and 

determine 

the 

daily 

reference 

Luvisols  (INCRA,  2016).  For  the  studied 

evapotranspiration  (ET)  via  the  Penman‒

area,  the  soils  are  Neosols  Litholic  and 

Monteith  method  of  the   Food and 

Fluvic,  Planossolo  Natric  and  Chromic 

 Agriculture  Organization  of  the  United 

Luvisol. 

Nations (FAO), Equation 1 (ALLEN  et al., 



1998).  This  method  is  widely  used  to 



determine  reference  evapotranspiration  and 



manage  irrigation  at  the  field  level 



(BEZERRA  et al., 2010). 
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900

0,408∆(𝑅

𝑢



𝐸𝑇

𝑛−𝐺)+𝛾𝑇+273 2(𝑒𝑠−𝑒𝑎)

0(24ℎ) =

(1) 

∆+𝛾(1+0,34𝑢

where  u 

2)

10  is  the  wind  speed 





measured at a height of 10 m and where z is 

where R n is the net radiation (W m -

the height (10 m). 

2); G (W m -2) is the ground heat flux; γ is the 





psychrometric constant (kPa °C -1); T is the 

Cloud-free  images  from  the   Operational 

mean  daily  air  temperature  (°C);  u  2 is  the Land  Imager  (OLI)  and   thermal  sensors mean daily wind speed at a height of 2 m (ms 

 were  used.  Infrared  sensor  (TIRS)  aboard 

-1), whose value was previously adjusted via 

the Landsat 8 satellite (orbital 216 and point 

Equation 2 (ALLEN  et al., 1998; BEZERRA 

66). For the OLI sensor, multispectral bands 

 et  al.,  2010),  since  the  available 

1 to 7 were used, with a spatial resolution of 

measurements were collected at a height of 

30  m,  and  for  the  TIRS  sensor,  thermal 

10 m; s is the saturation pressure (kPa); a is 

bands 10 and 11, with a spatial resolution of 

the actual vapor pressure (kPa); s - e a is the 

100 m,  were  resampled  to  30 m  (UNITED 

vapor  pressure  deficit  (kPa);  and  Δ  is  the 

STATES GEOLOGICAL SURVEY, 2016). 

tangent to the vapor pressure curve (kPa °C 

Climatological 

data 

were 

used 

in 

-1). 

conjunction  with  twelve  images  from  the 



Landsat  8  satellite,  involving  different 

4,87

𝑢

conditions throughout the years 2015--2020, 

2 = 𝑢10

(2) 

ln (67,8𝑧−5,42)

as shown in Table 1. 



Table 1. Image date, identification (ID), Julian day (DJ), orbit and satellite point. 

Date 

ID 

DJ 

Orbit 

Point 

11/21/15 

LC08_216066_20151121 

325 

216 

66 

12/07/15 

LC08_216066_20151207 

341 

216 

66 

07/18/16 

LC08_216066_20160718 

200 

216 

66 

09/20/16 

LC08_216066_20160920 

264 

216 

66 

06/22/18 

LC08_216066_20180622 

173 

216 

66 

10/28/18 

LC08_216066_20181028 

301 

216 

66 

11/13/18 

LC08_216066_20181113 

317 

216 

66 

09/13/19 

LC08_216066_20190913 

256 

216 

66 

10/15/19 

LC08_216066_20191015 

288 

216 

66 

11/16/19 

LC08_216066_20191116 

320 

216 

66 

12/02/19 

LC08_216066_20191202 

336 

216 

66 

12/20/20 

LC08_216066_20201220 

355 

216 

66 

Source: United States Geological Survey (2021). 





Landsat  data  are  available  in  the   Google spectral  radiances  of  bands  10  and  11 

 Earth Engine  in several computed products. 

(thermal 

bands), 

according 

to 

the 

In  this  study,  the  SAFER  application 

methodology  of  Teixeira   et  al.  (2017)  and methodology  of  Teixeira   et  al.  was  used. 

Filgueiras  et al. (2019), Equation 3. 

(2009), Teixeira  et al . (2013), and Teixeira et  al.  .  (2017),  three   Landsat  8  imagery 𝐿𝜆 = 𝑀𝐿 ∗ 𝐷𝑁 + 𝐴𝐿                                  (3) products  were  used:  raw  (DN),  top-of-atmosphere reflectance (TOA), and surface 

where L λ is the spectral radiance (W 

reflectance  (SR)  products.  The  raw  images 

m  -2  sr  -1  μm  -1)  for  the  thermal  bands 

were  used  only  in  the  conversion  of  the 

(0.00033420);  M  L  is  the  multiplicative 
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factor specific to each band; DN is the pixel 

calculation  in  Chander,  Markham  and 

value  (DN)  of  the  standard  product  (raw 

Helder (2009). 

image); and A L is the additive factor specific 



to each band (0.10000). 

4.2 Simple 

Algorithm 

for 



To 

calculate 

the 

normalized 

Evapotranspiration 

Retrieval 

difference  vegetation  index  (NDVI),  the 

(SAFER) 

surface 

reflectance 

product 

(with 

 

atmospheric  correction)  was  used,  which 



The  SAFER  model  requires  remote 

was  performed  via  the   Land  Surface 

sensing  data,  namely,  the  normalized 

 Reflectance Code (LaSRC) developed by  the difference  vegetation  index  (NDVI), 

 United  States  Geological  Survey  (USGS) planetary albedo (α TOA), surface albedo (α 

(2020).  In  the  other  processing,  the 

0),  brightness  temperature  (T  bright),  and 

reflectance  product  at  the  top  of  the 

surface temperature (T 0), in addition to the 

atmosphere  was  used,  with  radiometric 

combination of these data with the reference 

calibration,  in  which  the  calibration 

evapotranspiration  (ET  0).  The  SAFER 

coefficients  are  extracted  from  the  image 

application steps are described according to 

metadata,  with  more  details  of  the 

Teixeira   et  al.  (2013)  and  Teixeira   et  al. 

(2017), as summarized in Figure 2. 

 

Figure 2.  Simple  processing flowchart  Algorithm for Evapotranspiration Retrieval (SAFER). 

Landsat  images  in  their  raw  form  (DN);  top-of-atmosphere  reflectance  (TOA); surface reflectance (SR); normalized difference vegetation index (NDVI); reference evapotranspiration (ET 0); and actual evapotranspiration (ET). 



Source: Adapted from Teixeira  et al. (2013). 
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To calculate the brightness temperatures of 

for α TOA; and ρ λ is the reflectance of the top 

bands 10 and 11 (Landsat 8), the inverse of 

of the atmosphere for each band. 

the  Planck  equation  was  applied  to  the 



Then,  α  TOA  was  transformed  into 

estimated 

radiation, 

following 

the 

surface  albedo  data  (with  atmospheric 

methodology  of  Teixeira   et  al.  (2017), correction) by applying Equation 7 obtained 

Equation 4. 

by Teixeira  et al. (2013). 





𝐾

𝑇

2

𝛼

𝑏 =

(4) 

0 = 0.61 ∗ 𝛼𝑇𝑂𝐴 − 0.08                         (7) 𝐾

ln( 1+1)



𝐿𝜆



where α 0 is the surface albedo and α 

where  T  b  is  the  satellite  brightness 

TOA is the planetary  albedo at the top of the 

temperature (K); L λ is the spectral radiance 

atmosphere. 

(W m -2 sr -1 μm -1) for the thermal bands (10 





and 11); and K 1 and K 2 are the band-specific 

The 

normalized 

difference 

thermal  conversion  constants  from  the 

vegetation index (NDVI) was calculated by 

metadata. The average value between T b of 

the ratio of the difference between the near-

band 10 and T b of band 11 was considered 

infrared  (ρ  nir)  and  red  (ρ  red)  reflectivities the brightness temperature (T bright). 

and  their  sum,  according  to  Equation  8 





(ROUSE  et al., 1973). Equation 9 does not 

Subsequently,  surface  temperatures 

work for water bodies, so a filter for NDVI 

(with atmospheric correction) were obtained 

>  0  was  subsequently  applied  to  remove 

according  to  the  parameterized  equation 

these pixels from the image. 

obtained by Teixeira  et al. (2013), Equation 5. 

ρ

𝑁𝐷𝑉𝐼 = 𝑛𝑖𝑟−ρ𝑟𝑒𝑑                                     (8) ρ𝑛𝑖𝑟+ρ𝑟𝑒𝑑





𝑇0 = 1.07 ∗ 𝑇𝑏𝑟𝑖𝑔ℎ𝑡 − 20.17                    (5) After the variables were obtained, the 



SAFER  algorithm  was  used  to  model  the 

where T0 is the surface temperature (K) 

ratio  between  the  actual  evapotranspiration 

and Tbright is the brightness temperature (K). 

and  the  reference  evapotranspiration  (ET  r 

The surface temperature was then converted 

/ET  0  =  ET  f)  over  the  area  (Equation  9) 

from degrees Kelvin to degrees Celsius to be 

(TEIXEIRA  et al., 2017). 

applied via Equation (9). 







𝑇0

The planetary albedo at the top of the 

𝐸𝑇𝑓 = exp [𝑎 + 𝑏 (

)]                  (9) 

𝛼0∗𝑁𝐷𝑉𝐼

atmosphere  (α  TOA)  was  calculated  as  the 



total  sum  of  the  different  values  of  ρ  λ 

where ET f is the ratio between actual 

according  to  the  weights  for  each  band 

evapotranspiration 

and 

reference 

(bands 1 to 7), Equation 6 (TEIXEIRA  et al., evapotranspiration;  a  and  b  are  regression 

2017). 

coefficients of 1.8 and -0.008, respectively, 



which  are  applicable  for  the  Brazilian 

𝛼

semiarid region, according to Teixeira  et al. 

𝑇𝑂𝐴 = Σ(𝜔𝜆 ∗ 𝜌𝜆)                                  (6) (2013); T 0 is the surface temperature (°C); α 

where α TOA is the planetary albedo at 

0  is  the  surface  albedo;  and  NDVI  is  the 

the top of the atmosphere; ω λ is the ratio of 

normalized difference vegetation index. 

the amount of shortwave radiation received 





from the sun at the top of the atmosphere in 

Actual evapotranspiration (ET r) was 

a given interval to the sum of all bands used 

estimated via Equation (10). This calculation 

is independent of the user's knowledge about 
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land use or the crop used in the field, since 

(TEIXEIRA, 2012; TEIXEIRA  et al., 2013; 

the ETf ratio allows inferences about the crop 

TEIXEIRA   et  al.,  2014).  SUREAL  was 

coefficient (FILGUEIRAS  et al., 2019). 

applied  to  a  1.5  km  wide  section  of  each 



stream bank to filter and separately quantify 

𝐸𝑇

the agricultural areas on the banks. 

𝑟 = 𝐸𝑇0 ∗ 𝐸𝑇𝑓                                    (10) where  ET  r  is  the  actual 

4.5  Mapping and descriptive statistics of 

evapotranspiration (mm day -1); ET 0 is the 

the data 

reference  evapotranspiration  according  to 





the 

FAO 

Penman‒Monteith 

method 

The  results  were  exported,  and  the 

(ALLEN  et al., 1998) (mm day -1); and ET f maps were created via QGIS 3.16  software. 

is 

the 

ratio 

between 

the 

actual 

 The   ET  data  were  subjected  to  descriptive evapotranspiration  and  the  reference 

statistics:  minimum,  maximum,  mean, 

evapotranspiration. 

standard  deviation  and  coefficient  of 



variation. 

4.3 Surface 

resistance 

algorithm 



(SUREAL) 







5 RESULTS AND DISCUSSION 

According to Teixeira  et al. (2014), 



both surface resistance (r s) and ET r/ET 0 are 

The  reference  evapotranspiration 

related  to  soil  moisture  conditions  and 

(ET) from 2015--2020 is illustrated in Figure 

remote sensing parameters. On this basis, the 

3, which uses agrometeorological data from 

 surface 

 model 

 resistance 

 algorithm 

a  station  located  in  the  municipality  of 

(SUREAL) was applied for the classification 

Cabrobó,  PE.  Precipitation  was  the  most 

of vegetation into irrigated crops and natural 

variable  climatic  parameter,  corroborating 

vegetation,  Equation 11.  Surface resistance 

the findings of Marengo  et al. (2011), who values (r s) below 800 sm - 1 and an NDVI above or stated  that  the  semiarid  region  of  Brazil 

equal to 0.4 are considered irrigated crops, whereas r s values presents rainfall regimes marked by irregular 

between 1000 and 10000 sm - 1 and an NDVI 

rainfall and poor distribution throughout the 

below 0.4 are considered natural vegetation 

years.  The  minimum  ET  values  generally 

(TEIXEIRA  et al., 2017). 

occurred between January and May. An inverse 



relationship  between  precipitation  and 

𝑇

reference evapotranspiration is  noteworthy, 

𝑟

0

𝑠 = exp [𝑎 ∗ (

) ∗ (1 − 𝑁𝐷𝑉𝐼) + 𝑏]  (11) 

𝛼0

which, according to Collischonn and Tucci 



(2014), is due to greater sunlight and lower 

where  a  and  b  are  regression 

humidity on dry days and the higher average 

coefficients  of  0.04  and  2.72,  respectively, 

air temperature under these conditions. 

for  the  semiarid  conditions  of  Brazil 
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Figure  3. Daily  values  of  precipitation  and  reference  evapotranspiration  (ETo),  covering  the years 2015--2020, were obtained from the Cabrobó agrometeorological station in the municipality of Cabrobó, PE, Northeast Brazil. 
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Defining  the  difference  between  P 

Table  2,  allowing  us  to  observe  the 

and ET 0 as a gross measure of natural water 

accumulated antecedent precipitation at 30, 

availability (TEIXEIRA   et al., 2014), from 60, and 90 days. All accumulated antecedent 

2015--2020, climatic water surplus (P > ET 

precipitation  over  30  days  was  low,  with 

0)  occurred  in  a  few  periods,  whereas 

maximums  of  11  mm  occurring  on 

climatic water deficit (P - ET 0 < 0) was the 

07/18/2016 and 12/20/2020. After 60 days, 

most  common  condition.  Therefore, 

the  maximum  accumulated  precipitation 

irrigation  is  essential  in  this  region, 

(PAM) occurred on 12/20/2020 (57.8 mm), 

especially  in  the  second  half  of  the  year 

and  after  90  days,  the  PAM  occurred  on 

(autumn–winter, the driest period). 

06/22/2018 (85 mm). 



The  precipitation  data  prior  to  the 

imaging  dates  were  analyzed,  as  shown  in 



Table 2. Accumulated precipitation (mm) prior to imaging Accumulated antecedent precipitation 

Dates 

30 days 

60 days 

90 days 

11/21/15 

0 

2 

2.4 

12/07/15 

0 

0 

2.4 

07/18/16 

11 

11 

11 

09/20/16 

1.4 

4.4 

15.4 

06/22/18 

1 

6.4 

85 

10/28/18 

1.8 

1.8 

1.8 

11/13/18 

4.2 

4.2 

4.2 

09/13/19 

0 

15 

59.6 

10/15/19 

0.4 

0.4 

15.4 

11/16/19 

1 

1.4 

1.4 

12/02/19 

1.8 

3.2 

3.2 

12/20/20 

11 

57.8 

57.8 
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With  respect  to  the  NDVI  of  the 

Terra Nova Reservoir directly influences the 

images (Figure 4), there was an increase in 

increase  in  vegetation  cover  and  the 

this variable between the images before and 

expansion  of  crops  along  banks.  Notably, 

after the perennialization of the river (2015). 

previous  precipitation  had  a  significant 

Temporally  and  spatially,  the  NDVI 

influence  on  the  results.  According  to 

variation was high, as shown in Figures 4C, 

Oliveira  et al. (2020), the rainfall regime is 4E, and 4 L. Therefore, in the 2015 images 

largely  responsible  for  the  availability  of 

(Figures 4A and 4B), these areas were less 

biomass in dry areas and is correlated with 

evident  on  the  banks  of  the  Terra  Nova 

vegetation cover. 

Stream. Thus, the release of water from the 



Figure 4. Normalized difference vegetation index (NDVI). 2015-11-21 (A); 2015-12-07 (B); 2016-07-18 (C); 2016-09-20 (D); 2018-06-22 (E); 2018-10-28 (F); 2018-11-13 (G); 2019-09-13 (H); 2019-10-15 (I); 2019-11-16 (J); 2019-12-02 (K); and 2020-12-20 

(L). 





The  highest  pixel  average  NDVI 



The  surface  albedo  (Figure  5) 

values  occurred  on  July  18,  2016  (Figure 

presented  low  temporal  and  spatial 

4C), followed by June 22, 2018 (Figure 4E) 

variability, except on July 18, 2016, June 22, 

and  December  20,  2020  (Figure  4L). 

2018, and December 20, 2020 (Figures 5C, 

Furthermore, from 2016 onward, the banks 

5E,  and  5  L,  respectively),  and  was 

of  the  Terra  Nova  stream  experienced  a 

associated with land use and heterogeneous 

spatial  increase in  the NDVI (from 0.45 to 

vegetation cover. The average values ranged 

0.60)  because  the  rains  resulted  in  high 

from 0.16 to 0.18, with a maximum of 0.31 

vegetative development in the Caatinga, and 

occurring  on  November  16,  2019  (Figure 

agricultural crops developed well because of 

5J),  which  was  the  driest  period  of  the 

a  regular  additional  supply  of  water  via 

studied series. This behavior is in agreement 

irrigation  and  because  of  the  rains.  The 

with  the  low  soil  moisture,  as  well  as  the lowest average NDVI values occurred in the 

period of the year that presents high levels of 

images  from  2015.  These  results  are  in 

incident global solar radiation (R g) (SILVA; 

agreement with Silva (2020), who noted that 

MANZIONE;  ALBUQUERQUE  FILHO, 

NDVI values in the range of 0.15–0.60 may 

2018). In 2015 and 2016, Lins  et al. (2017) indicate cultivated areas. 

reported surface albedo values of 0.03--0.20 
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and  greater  extensions  in  areas  with 

values  of  up  to  0.45  were  found  for  the 

vegetation cover, and in less vegetated areas, 

municipality of Arcoverde, PE. 



Figure 5. Surface albedo. 11/21/2015 (A); 12/07/2015 (B); 07/18/2016 (C); 09/20/2016 (D); 06/22/2018 (E); 10/28/2018 (F); 11/13/2018 (G);  09/13/2019 (H); 10/15/2019 (I); 11/16/2019 (J); 02/12/2019 (K); and 12/20/2020 (L). 







According to Venancio  et al. (2021), 

solar  radiation,  which  is  transformed  into 

as the surface albedo decreases, an increase 

thermal energy by the transfer of longwave 

in  solar  energy  absorption  predominates, 

radiation  from  surfaces  to  the  atmosphere. 

increasing the surface temperature and thus 

The  lowest  temperatures  (blue  hues)  were 

contributing  to  a  relative  increase  in  water found in water bodies and areas where there 

consumption. 

was vegetation, and high temperatures (red 



Figure  6  shows  the  spatial 

hues)  corresponded  to  exposed  soils, 

distribution of surface temperature for each 

increasing the rate of water evaporation. The 

image.  According  to  Silva,  Manzione,  and 

images from 2015 and those from November 

Albuquerque 

Filho 

(2018), 

surface 

and  December  2019  presented  the  highest 

temperature is related primarily to absorbed 

surface temperatures (greater than 45°C). 



 

 

Irriga, Botucatu, v. 26, n. 3, p. 565-583, julho-setembro, 2021 





576                                               Estimativa da evapotranspiração... 



Figure  6.  Surface  temperature  (°C).  11/21/2015  (A);  12/07/2015  (B);  07/18/2016  (C); 09/20/2016 (D); 06/22/2018 (E); 10/28/2018 (F); 11/13/2018 (G); 09/13/2019 (H); 10/15/2019 (I); 11/16/2019 (J); 02/12/2019 (K); and 12/20/2020 (L). 







Figure  7  shows  the  spatial 

evapotranspiration  is  directly  related  to  the distribution  of  actual  evapotranspiration 

ability of vegetation to absorb moisture from 

(ETr)  for  each  image.  With  respect  to  the 

the soil through its roots and transfer it to the 

NDVI,  albedo,  and  surface  temperature, 

atmosphere.  Notably,  water  bodies  are  not 

only Figures 7C, 7E, and 7 L show greater 

represented  in  the  images,  as  the  SAFER 

spatial  and  temporal  variations.  According 

model does not work for water bodies. 

to  Lins   et  al.  (2017),  actual  daily 



Figure 7. Actual evapotranspiration processed via the simple algorithm for evapotranspiration retrieval  (SFAER).  11/21/2015  (A);  12/07/2015  (B);  07/18/2016  (C);  09/20/2016 

(D); 06/22/2018 (E); 10/28/2018 (F); 11/13/2018 (G); 09/13/2019 (H); 10/15/2019 

(I); 11/16/2019 (J); 02/12/2019 (K); and 12/20/2020 (L). 
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The  regions  with  higher  values  of 

calculated  via  the  Penman‒Monteith 

real  evapotranspiration  are  linked  to  those 

method,  which  is  based  on  climatological 

with lower temperatures (Figure 6), with the 

data from the automatic station Cabrobó, PE. 

opposite being  true, since the more intense 

The highest average values occurred on July 

the  evapotranspiration  phenomenon  is,  the 

18, 2016, June 22, 2018, and December 20, 

greater  the  transfer  of  latent  heat  and, 

2020, all with ET values of approximately 0.4 

therefore, the cooling of the surface; similar 

mm/day. The coefficients of variation were 

results  were  reported  by  Filgueiras   et  al. 

generally  high,  confirming  the  high 

(2019)  used  SAFER  to  estimate  ETr in  São 

heterogeneity  in  land  use  and  the 

Desidério, BA. 

dependence  on  the  rainfall  regime  for  the 



Table  3  presents  the  descriptive 

region's  economic  development.  The 

statistics of actual evapotranspiration (ET r) 

maximum  ET  occurred  on  12/07/2015,  at 

for  the  perennial  stretch  on  the  analyzed 

4.53 mm/day; on this date, the highest ET of 

dates,  with  minimum,  maximum,  mean, 

6.53  mm/day  also  occurred,  as  did  the 

standard  deviation  (SD),  and  coefficient  of 

highest coefficient of variation (510.6%), as 

variation  (CV)  values,  in  addition  to  the 

evidenced  by  the  low  average  ET  of  0.04 

reference 

evapotranspiration 

(ET 

0) 

mm/day. 



Table 3. Descriptive statistics of real evapotranspiration processed  via the simple algorithm for evapotranspiration retrieval (SAFER). 

Minimu

Maxim

Average 

DP 

CV (%) 

Dates 

ET 0 (mm/day) 

m 

um 

Actual evapotranspiration (mm/day) 

11/21/15 

5.15 

0.00 

3.72 

0.03 

0.15 

498.4% 

12/07/15 

6.53 

0.00 

4.53 

0.04 

0.19 

510.6% 

07/18/16 

2.72 

0.00 

2.28 

0.43 

0.33 

76.4% 

09/20/16 

2.49 

0.00 

1.82 

0.05 

0.11 

230.2% 

06/22/18 

3.38 

0.00 

3.01 

0.39 

0.35 

90.4% 

10/28/18 

4.18 

0.00 

3.02 

0.18 

0.33 

185.0% 

11/13/18 

5.00 

0.00 

3.87 

0.18 

0.38 

217.9% 

09/13/19 

4.82 

0.00 

3.51 

0.10 

0.26 

264.9% 

10/15/19 

5.56 

0.00 

3.96 

0.08 

0.26 

345.5% 

11/16/19 

2.81 

0.00 

1.84 

0.02 

0.11 

427.2% 

12/02/19 

3.22 

0.00 

2.11 

0.06 

0.15 

255.6% 

12/20/20 

3.57 

0.00 

3.15 

0.40 

0.38 

95.5% 

ET 0 = potential evapotranspiration; SD = standard deviation; and CV = coefficient of variation. 





Using 

the 

SUREAL 

model, 

increase  in  irrigated  areas  along  the  banks 

vegetation  was  classified  along  a  1.5-km 

throughout  the  Terra  Nova  River.  This 

stretch of each bank, as shown in Figure 8, 

indicates  that  the  perennialization  of 

distinguishing  between  cultivated  areas 

streams, due to the release of water from the 

(irrigated crops) and Caatinga areas (natural 

Terra  Nova  Reservoir,  has  enabled  the 

vegetation).  The  2015  images  (the  period 

growth of irrigated agriculture in the region 

before the perennialization process produced 

by  increasing  water  availability.  However, 

by  the  PISF)  show  fewer  irrigated  areas 

this availability is still limited to areas close 

along the Terra Nova River. Other images, 

to  banks.  For  areas  further  from  banks, 

after the stream's perennialization, show an 

cropland is still highly dependent on rainfall. 
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Furthermore,  from  2012--2016,  one  of  the 

(CUNHA   et  al., 2018), which may  explain most severe droughts occurred, affecting the 

the few cultivated areas (irrigated crops) in 

entire  northeastern  region  of  Brazil 

Figures 8A, 8B and 8D (from 2015--2016). 



Figure  8. Classification of  natural  vegetation  and  cultivated  areas  processed  by   the  surface resistance algorithm (SUREAL). 11/21/2015 (A); 12/07/2015 (B); 07/18/2016 (C); 09/20/2016 (D); 06/22/2018 (E); 10/28/2018 (F); 11/13/2018 (G); 09/13/2019 (H); 10/15/2019 (I); 11/16/2019 (J); 02/12/2019 (K); and 12/20/2020 (L). 







The  total  area  of  the  SUREAL 

(29.5,  7.7,  and  7.6  km²,  respectively), 

classification  for  natural  vegetation  and 

possibly also due to the release of water from 

crops  (irrigated  crops)  was  defined,  as 

the PISF. The date of 09/13/2019 presented 

shown in Figure 9. The increase in irrigated 

high previous precipitation of 90 days (59.6 

crops  stood  out  on  06/22/2018  (15.2  km²) 

mm);  however,  this  precipitation  was  not 

and 12/20/2020 (12.9 km²), conditioned by 

accompanied by an increase in the areas of 

the  greater  rainfall  in  the  region  and  on 

natural vegetation or irrigated areas. 

07/18/2016,  10/28/2018  and  11/13/2018 
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Figure 9. Total area of natural vegetation classification and cultivated areas processed by  the surface resistance algorithm (SUREAL) and accumulated antecedent precipitation values. 
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Therefore,  precipitation  remains 

and  took  an  average  of  a  few  seconds, 

highly  relevant  for  the  development  of 

considering  all  the  source  code  developed, 

agricultural  crops,  especially  in  areas  far 

from the image definition (by ID, Table 1), 

from the banks of the perennial stretch of the 

calculation of planetary and surface albedo, 

Terra Nova Stream. According to Cunha  et 

NDVI,  radiances  of  bands  10  and  11, 

 al. (2018) and Marengo, Torres, and Alves 

brightness 

temperature 

and 

surface 

(2016),  a  greater  frequency  of  severe 

temperature  (in  K  and  °C),  actual 

droughts 

will 

likely 

increase 

the 

evapotranspiration  (manually  including  the 

vulnerability  of  the  Northeast  Region  of 

ET  0 data from  the  climatological  station  on 

Brazil  to  drought  in  the  near  future.  These the day of the image), to the completion of 

projections  suggest  more  frequent  and 

the  image  classification  by  SUREAL. 

intense droughts, as well as a trend toward 

Significant time savings were observed, as it 

desertification  in  the  region.  These 

was  not  necessary  to  download  the  raw 

conditions  lead  to  increased  evaporation 

images  and  perform  the  processing  of  the 

from  reservoirs  and  rivers,  affecting 

SAFER and SUREAL steps in conventional 

irrigation and agriculture. This demonstrates 

geoprocessing   software,  which  can  require the growing  need to  mitigate the effects  of 

many hours of processing. 

drought  and  develop  coexistence  with 



semiarid regions, such as the São Francisco 



River Integration Project (PISF), which aims 

6 CONCLUSIONS 

to  guarantee  a  water  supply  for  the 



socioeconomic development of the states of 



Overall,  there  was  an  expansion  of 

northeastern Brazil that are most vulnerable 

cultivated  areas  on  the  banks  of  the  Terra 

to drought (IPEA, 2011). 

Nova  River,  in  the  semiarid  region  of 



The  processing  performed  in  this 

Pernambuco,  between  the  Terra  Nova 

study was repeated 12 times (for each image) 

Reservoir and the mouth of the Terra Nova 
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River, in the São Francisco River, and in the 

effective  tools.  The  models  tested  in  this 

images from July 18, 2016, June 22, 2018, 

study  are  highly  relevant  for  supporting 

October 28, 2018, November 13, 2018, and 

environmental  monitoring  and  planning,  as 

December 20, 2020 (29.5; 15.2; 7.7; 7.6; and 

well  as  water  resource  management  in  the 

12.9  km²,  respectively).  In  addition  to  the 

region, across different sectors of society. 

intensity  of  precipitation,  the  release  of 



water  from  the  São  Francisco  River 



Integration Project may have contributed to 
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