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ABSTRACT: Understanding the spatio-temporal variation of evapotranspiration (ET) over 

irrigated agricultural areas is important to help the water management. Many remote sensing 

methods have been developed to estimate ET, among them the most used is the Surface Energy 

Balance Algorithm for Land (SEBAL). However, SEBAL was developed for particular sensors 

and regions, in which functions and empirical parameters inherent to its algorithm correspond to 

these regions and sensors. Therefore, the aim of this study was to evaluate the SEBAL algorithm 

for images of Landsat 8, through lysimetric data in a subtropical climate region. The study was 

carried out in two subtropical climate regions in Brazil. The first in the city of Piracicaba in the São 

Paulo state and the second in the city of Dourados in the Mato Grosso do Sul state. The images of 

Landsat 8 and the meteorological data are matching for the year 2013 to 2017 on a monthly scale 

for images and of 15 minutes for the meteorological data. Utilizing the SEBAL algorithm was 

estimated all the components of the energy balance and consequently the ET. Thus, the evaluation 

was done using goodness of fit measures to residuals. The results were reasonable; thus, the 

algorithm SEBAL can be used to the Landsat 8 images in subtropical climates, carefully. However, 

the calibration of the algorithm SEBAL must be performed to improve the estimates. 
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AVALIAÇÃO LISIMÉTRICA DO ALGORITMO SEBAL EM CLIMA SUBTROPICAL 

 

RESUMO: Compreender a variação espaço-temporal da evapotranspiração (ET) sobre as áreas 

agrícolas irrigadas é importante para ajudar na gestão da água. Muitos métodos de sensoriamento 

remoto foram desenvolvidos para estimar ET, entre eles o mais utilizado é o Surface Energy 

Balance Algorithm for Land (SEBAL). No entanto, o SEBAL foi desenvolvido para sensores e 
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regiões particulares, nos quais funções e parâmetros empíricos inerentes ao seu algoritmo 

correspondem a essas regiões e sensores. Portanto, o objetivo deste estudo foi avaliar o algoritmo 

SEBAL para imagens de Landsat 8, por meio de dados lisimétricos em clima subtropical. O estudo 

foi realizado em duas regiões do Brasil. A primeira na cidade de Piracicaba, no estado de São 

Paulo, e a segunda na cidade de Dourados, no estado do Mato Grosso do Sul. As imagens do 

Landsat 8 e os dados meteorológicos correspondem ao ano de 2013 a 2017 em uma escala mensal 

para as imagens e de 15 minutos para os dados meteorológicos. Utilizando o algoritmo SEBAL 

foram estimados todos os componentes do balanço de energia e, consequentemente, a ET. Dessa 

forma, a avaliação foi realizada por meio de medidas de ajuste de qualidade para os resíduos. Os 

resultados foram razoáveis; assim, o algoritmo SEBAL pode ser usado com cuidado para as 

imagens do Landsat 8 em climas subtropicais. No entanto, a calibração do algoritmo SEBAL deve 

ser realizada para melhorar as estimativas.  

PALAVRAS-CHAVE: Evapotranspiração, sensoriamento remoto, qualidade de ajuste. 

 

INTRODUCTION 

 

Evapotranspiration (ET) is the amount of water transferred to the atmosphere through the 

plants evaporation (E) and transpiration (T) of the plants, thus it represents the crop hydric 

consumptions (ALLEN et al., 1998). 

Different methods can be used to estimate or measure ET, for example, evaporimeter; 

lysimeter; Eddy covariance; Bowen ratio as well as by physic models as Penman–Monteith and 

Thornthwaite (BOWEN, 1926; SWINBANK, 1951; THORNTHWAITE; MATHER, 1955; 

ALLEN et al., 1998; PAUL et al., 2013). Weighing lysimeter is considered the method more 

precise (ALLEN et al., 2011b). However, this method and the others provide punctual estimates, 

based on information from meteorological stations.  

Although these punctual estimates could be spatially interpolated, the knowledge under 

treatments and phases of the crops are necessary for an estimate more precise (AL ZAYED et al., 

2016). However, these factors in large areas with crop diversity are more difficult to estimate 

(ALLEN et al., 2011a).  

In this context, remote sensing (SR) data are useful to estimate ET and, consequently, in 

irrigation management (AL ZAYED et al., 2016). There are different methods based on SR to 
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estimate ET, the most used and accepted is the Surface Energy Balance Algorithm for Land 

(SEBAL) (BASTIAANSSEN et al., 1998). Derived from the energy balance method, SEBAL has 

been used for several areas of irrigated agriculture in recent decades (BASTIAANSSEN, 2000). 

However, it has been calibrated and validated, mainly, for the sensors Thematic Mapper (TM) and 

Enhanced Thematic Mapper Plus (ETM+) from Landsat 5 and 7 satellites, respectively 

(BASTIAANSSEN et al., 2005; TEIXEIRA et al., 2009; ZHOU et al., 2014; AL ZAYED et al., 

2016).  

Currently, the Landsat program includes more modern sensors, the Operational Land Imager 

(OLI) and the Thermal Infrared Sensor (TIRS), onboard the Landsat 8 satellite (ROY et al., 2014).  

Therefore, to evaluate the SEBAL algorithm for the OLI and TIRS sensors is important, 

allowing an evolution in the state of the art in this area of knowledge, especially for regions of 

subtropical climate, where irrigation is recurrent and the use of SEBAL allows a better 

management. The objective of this work was to evaluate the SEBAL algorithm for Landsat 8 

images, in subtropical climate. 

 

MATHERIAL AND METHODS 

 

The work was performed in two regions (Figure 1). The first is located in the interior of São 

Paulo state, in Piracicaba city, and the second in the south of Mato Grosso do Sul state, in Dourados 

city. According to the climate, both cities are classified as subtropical humid (PEEL et al., 2007). 
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Figure 1. Work site. Top right – location of the lysimeters and weather station in Areão farm, ESALQ-USP. Bottom right – location 

of the lysimeter and weather station in Embrapa experimental farm. Fonte: Bing Aerial Maps 

 

In addition to the location of work site, Figure 1 highlights processing area of the SEBAL 

algorithm. This area is far to 50 km from the weather station, this distance is a requirement to use 

the SEBAL algorithm (BASTIAANSSEN et al., 2005).  

In Piracicaba city, the experimental area of Biosystems Engineering Department, located at 

Areão farm of "Luiz de Queiroz" College of Agriculture (ESALQ / USP) was used for calibration 

area. The projected coordinates are Longitude 228329.15 m and Latitude 7487242.25 m. In all, 

three weighting lysimeters were used, located in areas cultivated by Jatropha, arranged in: 1 ha 

irrigated by central pivot, 0.5 ha irrigated by drip irrigation and 0.5 ha non-irrigated. 

On the other hand, in Dourados city, the evaluation area was the experimental farm of 

Embrapa, located on the projected coordinates Longitude 724777.49 m and Latitude 7535090.03 

m (Figure 1). One weighting lysimeter was used, located in a central area of the 0.55 ha, cultivated 

with alternate cropping between soybean and winter corn, irrigated by overhead irrigation. 

According to the orbital data, images of the Landsat 8 and Terra satellites were used. These 

images were made available by the United States Geological Survey (USGS) at the website 

http://earthexplorer.usgs.gov/.  
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The images obtained by Landsat 8 are derived from the OLI sensor, representing the spectral 

bands of the visible and infrared as well as TIRS sensor, representing the thermal bands (ROY et 

al., 2014). For the Terra satellite, a digital elevation model (DEM) was obtained by the sensor 

Advanced Spaceborne Thermal Emission and Reflection Radiometer, a product called Global 

Digital Elevation Model Version 2 (ASTER GDEM V2). The DEM is made available in spatial 

resolution of 30 m.  

All data were computed from 2014 and, thus, used in the SEBAL algorithm 

(BASTIAANSSEN et al., 2005).  

At last, considering the measurements of the lysimeters as the standard value and the 

estimates by the SEBAL algorithm as observed value, the residual dispersion was studied, being 

evaluated some goodness of fit measures such as: mean error (ME), mean absolute error (AME), 

root mean square error (RMSE), and Nash-Suticliffe (NSE) efficiency coefficient (NASH; 

SUTCLIFFE, 1970). These goodness of fit measures were performed by the hydroGOF package 

(ZAMBRANO-BIGIARINI, 2014) of R Statistical 3.3.0® software; (R Core Team, 2016). 

 

RESULTS AND DISCUSSION 

 

Table 1 highlights the standard values, obtained by the lysimeters and the observed values, 

obtained by the SEBAL algorithm. For the lysimeters with Jatopra, located in Piracicaba city and 

operated on central pivot, drip irrigation, and non-irrigated treatments was observed a greater error 

than the lysimeter located in Dourados city. As Jatopra is a perennial crop, when the canopy 

openness is maximum the evapotranspiration estimates by the SEBAL algorithm can be influenced 

by the soil evaporation. However, when the canopy is closed we observed a suitable performance. 

For the lysimeter in Dourados city under sprinkler irrigation method, the performance of the 

SEBAL algorithm was excellent, once the crop cultivated on area is continuous without canopy 

openness. 
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Table 1. Evapotranspiration evaluation. 

Date Irrigation system  ET lysimeter (mm) ET SEBAL (mm) 

09-11-14 Pivot 1.12 3.03 

09-11-14 Drip 1.45 3.62 

09-11-14 Non-irrigated 2.04 2.18 

10-13-14 Pivot 3.12 2.70 

10-13-14 Drip 3.00 3.42 

10-13-14 Non-irrigated 1.51 1.60 

10-29-14 Pivot 4.10 4.31 

10-29-14 Drip 2.31 4.18 

10-29-14 Non-irrigated 1.86 3.27 

12-16-14 Pivot 7.66 7.82 

12-16-14 Drip 6.13 6.72 

12-16-14 Non-irrigated 5.74 6.59 

03-18-15 Sprinkler 2.28 2.12 

05-05-15 Sprinkler 3.63 3.21 

05-09-15 Pivot 1.30 1.56 

05-09-15 Drip 1.34 1.94 

05-09-15 Non-irrigated 1.37 1.40 

06-06-15 Sprinkler 3.79 3.51 

06-10-15 Pivot 2.08 2.53 

06-10-15 Drip 2.79 2.65 

06-10-15 Non-irrigated 2.19 2.30 

06-22-15 Sprinkler 2.44 2.72 

06-26-15 Pivot 0.99 1.89 

06-26-15 Drip 1.04 2.35 

06-26-15 Non-irrigated 0.71 1.22 

 

According to the goodness of fit measures, the mean error was 0.51, the mean absolute error 

was 0.63, the root mean square error was 0.88, and Nash-Suticliffe (NSE) efficiency coefficient 

was 0.74. These goodness of fit measures highlight the SEBAL algorithm overestimates slightly 

the evapotranspiration. Therefore, using Landsat 8 images, the evapotranspiration can be estimated 

parsimoniously in subtropical climates. The Figure 2 shows the evapotranspiration spatial pattern.  
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Figure 2. Evapotranspiration mapping. Left – Dourados city on 05/05/2015. Right – Piracicaba city on 12/16/2014 

 

CONCLUSION 

 

SEBAL algorithm can be used for Landsat 8 images in regions of subtropical climate. 

Although their evapotranspiration estimations have been slightly overestimated was observed a 

suitable performance. 
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