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Abstract: The main objective of this study was obtaining of the daily ET accuracy obtained through remote 

sensing algorithms when compared with Bowen ratio measurements on the cotton field. This experimental 

campaign was conducted in Ceará State, Brazil, in cotton experimental field of Embrapa. This study used 4 

Landsat – 5TM images of 2005, to application of SEBAL and S-SEBI algorithms. The comparison between 

the estimated values by remote sensing algorithms and the measured values in the field showed that the 

methods presented accuracy considered satisfactory. However was evident the best performance of the 

SEBAL algorithm. The results evidenced that the S-SEBI algorithm is an important tool to be applied in 

analysis of semi-arid regions, because is not necessary uses meteorological data to solve the energy balance, 

and the processing is easier than SEBAL algorithm. 
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1 – Introduction 

The evapotranspiration (ET) including water evaporation from soil surfaces and 

vegetation transpiration represents a fundamental process of hydrological cycle and a key 

element of water resources management, particularly in semi-arid and arid regions (Gao et 

al., 2008). The partition of energy and water fluxes at the surface of Earth is controlled by 

ET. Most studies have demonstrated that the temporal and spatial patterns of ET depend on 

a large variety of factors, specifically vegetation and soil types, topography, and the 

meteorological conditions (Bastiaanssen et al., 1998). The conventional methods to 

measure ET are subject to field or landscape scales (for example, Bowen ratio, eddy 

covariance system, soil water balance), but are not used to fluxes estimation in larger 

spatial scales due the heterogeneity inherent in land surfaces and the dynamic nature of 

water-heat transport processes (Gao et al., 2008). 

Currently, remote sensing techniques are the only way to obtain variables at various 

temporal and spatial scales required to estimate ET. The Surface Energy Balance Algorithm 

for Land (SEBAL) (Bastiaanssen et al., 1998) uses spectral radiance and traditional 

meteorological data to solve the energy balance at the land surface. Another important 

algorithm is the Simplified Surface Energy Balance Index (S-SEBI) (Roerink et al., 2000). 
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The main difference between these algorithms is because to application of S-SEBI is not 

necessary use meteorological data to solve the energy balance. In addition, while SEBAL 

compute the ET using the residual energy balance, the S-SEBI compute using the 

evaporative fraction (Λ) obtained through parameterizations based in surface albedo and 
surface temperature (Roerink et al., 2000), and instantaneous available energy ( )GRn − , 

where Rn is net radiation and G is soil heat flux.  

The extrapolation of instantaneous to daily ET values constitutes an important step of 

the methods that use remote sensing data. The difficult task is to obtain the behavior of 

weather parameters, as cloudiness, for instance, before and/or after the satellite overpass. In 

SEBAL (Bastiaanssen et al., 1998; Bastiaanssen, 2000) and S-SEBI (Roerink et al, 2000; 

Sobrino et al., 2005, 2007) daily ET is estimated based in conservation of the daily fluxes 

(Brutsaert and Sugita, 1992). Thus, the ET calculation is based on the evaporative fraction, 

ratio between latent heat flux and available energy that is calculated instantly and adopted 

constant during the daily period. The cloudiness after the satellite overpass is counted in the 

calculation of daily ET in the curve of measured global radiation, however, other factors as 

the advection effect, that also constitutes an important element in ET are neglected, what 

can compromise the ET accuracy. 

The emphasis of this study is the evaluation of the daily ET accuracy obtained 

through remote sensing algorithms. The estimates values of the methods will be compared 

with field observations on the cotton crop. In this research the study area is located in a 

semi-arid region of Brazil, with few weather stations in operation, for this reason, the 

understanding of applications of the different remote sensing algorithms to obtain the ET is 

necessary. 

 

2 – Material and methods 

2.1 – Study area and data 

This experimental campaign was conducted in South of Ceará State, Brazil (Figure 

1). The studied area correspond at experimental field of Embrapa (Brazilian Company of 

Agricultural Research) located in Barbalha – CE (7º17’S, 39º16’W). The regional climate is 

C1S2A’a’ sub humid with small water excess during the wet season, mega thermal and 

with vegetation during the year (Thornthwaith and Mather, 1955). This study used 4 

Landsat – 5TM images of DOY 272, 288, 304, 320 of 2005, during the growth cycle of 

herbaceous cotton crop (cultivar 200-brown BRS). The data used in the validation of 

algorithms were obtained using the Bowen ratio energy balance (BREB) technique (Verma 

et al., 1978). 

The air temperature gradient between the dry and wet bulb, used in BREB, was 

measurement using the thermometers psychrometers, type T copper-constantan 

thermocouples installed in two levels at 0.5 m and 1.5 m above crop canopy. The net 

radiation (Rn) was measurement using the net radiometer (NR-LITE; Kipp & Zonen, Delft, 

The Netherlands), while the global radiation (Rg) and solar radiation incoming (Rg↓) was 

obtained with a radiometer (CM3; Kipp & Zonen Delft, The Netherlands), all radiation 

instruments were installed at 1.0 m above crop canopy, and soil heat flux (G) was measured 

with two heat flux plates (model HFP01SC-L, Campbell Scientific, Inc., Logan, UT) at 5.0 

cm soil depth. 
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Figure 1: Maps of Brazil and Ceará State with highlight to location of the study area, 

scene studied in the RGB composition and the cotton crop irrigated field localization 

(red rectangle) 

 

2.2 – Algorithms descriptions 

SEBAL  

The actual ET was obtained using the energy balance equation, which models a 

system formed by vegetation, surrounding soil, and atmosphere: 

GHRET n −−=λ  (1) 

The Rn, used in SEBAL and S-SEBI algorithms, was calculated using the following 

equation: 

( ) ( ) ↓↑↓↓ −−−+−=
LLLSn RRRRR 011 εα  (2) 

where α is the surface albedo, RL↑ is the longwave radiation (thermal) emitted by the 

surface, εo is the surface emissivity obtained through Leaf Area Index (LAI), RS↓ is the 

short-wave incident radiation, RL↓ is the longwave incident radiation, estimated from the 

Stefan-Boltzmann equation based on the air temperature at the instant of the satellite 

overpass (Bastiaanssen et al., 1998).  

The G (Wm
-2
), used in SEBAL and S-SEBI algorithms, was obtained through the 

following equation (Bastiaanssen, 2000): 

( )( ) Rn�DVI
Ts

G 




 −+= 42 98.010074.00038.0 αα
α

 (3) 

where TS is the surface temperature, and �DVI is the Normalized Difference Vegetation 

Index. 

The difficult task in SEBAL is the method to calculate of H that is computed using 

the following equation of the heat transport: 
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( )
ah

P

r

dTc
H

ρ
=  (4) 

where ρ is the air density (kg m-3), cP is the air specific heat in constant pressure (J kg-1 K-
1
), dT is the temperature difference ( )21 TT −  between two height (z1 and z2), and rah is the 

aerodynamic resistance to heat transport (s m
-1
). This calculation is developed as function 

of the gradient temperature, surface roughness and wind speed. However, the equation 4 is 

difficult to solve, because dT and rah terms are unknown. To facilitate, it is used the 

“anchors” pixels, called hot and cold pixels, that must represent maximum conditions of 

temperature and humidity, where it is possible to obtain the values of H and dT. The 

obtaining of the rah and dT values to entire scene are computed admitting neutral 

atmosphere conditions by iterative process (Bastiaanssen et al., 1998). 

The first stage for the daily ET calculation using SEBAL methodology is the 

integration of instantaneous LE for hourly values, according to following equation: 

L

LET
EThour 3600=  (5) 

where EThour is the hourly evapotranspiration (mm h
-1
), 3600 is the time conversion from 

seconds to hours and L is the latent heat of vaporization or the heat absorbed when a 

kilogram of water evaporates (Jkg
-1
). 

According with Trezza (2002) the Reference ET Fractions (ETrF) is similar to crop 

coefficient (Kc) obtained through the equation 6: 

r

hour

ET

ET
ETrF =  (6) 

where ETr is the hourly reference evapotranspiration, calculated based in the FAO-Penman-

Monteith method and data originating from weather station in the intervals between 9:00 

and 10:00 hr local time. 

Considering that ETrF is equal to Kc (Trezza, 2002), and that maintain constant 

during the day, the daily actual ET was calculated by the classic method of FAO-56 (Allen 

et al., 1998): 

( )24rETrFETET =  (7) 

where ETr(24) is the daily reference evapotranspiration, calculated using data proceeding 

from weather station and FAO-Penman-Monteith method (Allen et al., 1998). 

 

S-SEBI 

The solution of energy balance in S-SEBI is obtained using the evaporative fraction 

( )Λ  through of parameterizations proposed by Roerink et al. (2000). 

LEH

SH

TT

TT

−

−
=Λ  (8) 

where Ts is the surface temperature, TH is the temperature of maximum sensible heat pixels, 

obtained through linear relationship between the surface temperature (dependent variable) 

and albedo (independent variable), TLET is temperature of the maximum ET pixels that is 

obtained of similar form of TH, using linear relationship between temperature and albedo on 

pixels of maximum evapotranspiration.  
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Substituting the linear regression, obtained by methodology proposed in Roerink et al. 

(2000), of TH and TLE in equation 8, the evaporative fraction ( )Λ  was calculated as: 

( )α
α

LEHLEH

HH

bbaa

Tsba

−+−
−+

=Λ  (9) 

The sensible heat flux (H) and latent heat flux (LE) is obtained using the available 

energy and evaporative fraction through the Equation 10 and 11. 

( )( )GRH n −Λ−= 1  (10) 

( )GRLET n −Λ=  (11) 

Finally, the daily ET estimated by S-SEBI is based in the theory that the instantaneous 

evaporative fraction ( )iΛ  is equal at daily evaporative fraction ( )dΛ  and that for the 

equation 11, obtain: 

( ) ( )ddn

d

iin

i
di

GR

LET

GR

LET

−
=

−
=Λ=Λ  (12) 

Considering that the soil heat flux during the day is equal to zero, the daily ET is 

calculated using the Equation 13: 

( )ini

nd
i

GRL

R
LETET

−
=  (13) 

where Rni and Gi are instantaneous net radiation and soil heat flux in the satellite overpass 

time, calculated through equations 5 and 6, respectively. The constant L is the latent heat of 

vaporization and Rnd is daily net radiation (Allen et al., 1998). 

 

3 – Results and discussion 

The SEBAL and S-SEBI algorithms although of the present proposed methodological 

different for the calculation of daily ET, showed similar results to ET values obtained by 

each method for DOY 288 that present the respective histograms in the Figures 5a and 5c. 

The maximum values of daily ET (blue areas) reply the area occupied by different irrigated 

agricultural crop, to example of the cotton field, where data were collected for validation of 

the algorithms used in this study. The similarity between SEBAL and S-SEBI results had 

already been verified by Weligepolage (2005) that observed strong correlations between 

both algorithms, presenting coefficient of determination (R
2
) of 0.95.  

The comparison between the estimated values by remote sensing algorithms and the 

field observations (BREB) showed that the methods presented accuracy that can be 

considered satisfactory, as values presented in Tables 1 and 2, however is considerably 

evident that the performance of the SEBAL is better than S-SEBI algorithm, with 

differences smaller than 0.5 mm day
-1
, presenting daily errors inferior that 7.2% and Mean 

Absolute Difference (MAD) of 0.30 mm day
-1
.  

The results obtained through the S-SEBI algorithm has presented maximum 

difference of 1.0 mm day
-1
 and error maximum of 16.1% for DOY 320. In other dates the 

differences has been inferior to 0.5 mm day
-1
 and errors smaller than 10%, and MAD 

inferior to 0.5mm day
-1
, as showed in the Table 2. Sobrino et al. (2005) also obtained 

differences between estimated values by S-SEBI and measured value in the field; lower 

than 1.0 mm day
-1
. 
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Table 1: Observed daily evapotranspiration in the cotton crop field using the Bowen ratio 

method and the estimated value by SEBAL algorithm using Landsat 5 – TM images. 

DOY Measured SEBAL 
Absolute Difference

 a
 

(mm day
-1
)
 

Percentual Error
 b 

(%) 

MAD
 c 

(mm day
-1
)
 
 

272 4.5 4.2 0.30 6.7 

288 5.6 5.2 0.40 7.1 

304 5.3 5.2 0.10 1.9 

320 6.2 5.8 0.40 6.5 

0.30 

a 
Absolute difference = observed – estimated  
b
 Percentual Error = (Absolute difference / observed)x100 

c  
MAD = ∑

=

−
n

i

estimatedobserved
n 1

1
 

 

Table 2: Observed daily evapotranspiration in the cotton crop field using the Bowen ratio 

method and the estimated value by S-SEBI algorithm using Landsat 5 – TM images. 

DOY Measured SEBAL 
Absolute Difference

 a
 

(mm day
-1
) 

Percentual Error
 b 

(%) 

MAD
 c 

(mm day
-1
)
 
 

272 4.5 4.2 0.30 6.7 

288 5.6 5.2 0.40 7.1 

304 5.3 5.5 0.20 3.8 

320 6.2 5.2 1.00 16.1 

0.48 

 

 
Figure 2: Spatial distribution of the daily evapotranspiration (ET) to DOY 288 and the 

respective histograms to experimental field in Embrapa/Barbalha –CE estimated by a) 

SEBAL (a) and S-SEBI (b). 

 

Table 3 presents the correlations coefficients (r) to statistical significance at 5% level 

(p<0.05), Mean Bias Error (MBE) and Root Mean Square Error (RMSE), between the daily 
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evapotranspiration values of 6,000 pixels obtained by SEBAL and S-SEBI algorithms. In 

general, the correlations between SEBAL and S-SEBI presented values greater than 0.85, 

showing a stronger agreement among these algorithms. The MBE presented maximum 

value of 0.04 mm day
-1
 and minimum value of 0.02 mm day

-1
, with RMSE of 0.56 mm day

-

1
 and 0.38 mm day

-1
 to maximum and minimum values, respectively. 

 

 Table 3: Correlations coefficients between ET values of the 6,000 pixels, obtained through 

remote sensing algorithms and Landsat images. 

DOY (SEBAL/S-SEBI)
 a
 

MBE (mm day
-1
) 

 

RMSE (mm day
-1
) 

 

272 0.93 0.04 0.38 

288 0.92
 
 -0.02 0.45 

304 0.86 0.04 0.56 

320 0.90
 
 -0.02 0.47 

a 
 Statistically significant to 5% level (p<0.05) 

 

4 – Conclusions 

This study presents analyzes of the results of daily ET obtained through SEBAL and 

S-SEBI algorithms and comparisons between the algorithms results and values measured in 

the cotton field using the BREB method. The comparison between the estimated values by 

remote sensing algorithms and the measured values in the field showed that the methods 

presented accuracy considered satisfactory. However was evident the best performance of 

the SEBAL algorithm, with differences smaller than 0.5 mm day
-1
, presenting daily errors 

inferior that 7.2% and MAD of 0.30 mm day
-1
. The results obtained through the S-SEBI 

algorithm has presented maximum difference of 1.0 mm day
-1
 and error maximum of 

16.1% for DOY 320. However, in other dates the differences has been inferior to 0.5 mm 

day
-1
 and errors smaller than 10%, and MAD inferior to 0.5 mm day

-1
. In general, the 

correlations between SEBAL and S-SEBI presented values greater than 0.85, showing a 

stronger agreement between these algorithms. The MBE presented maximum value of 0.04 

mm day
-1
 and minimum value of 0.02 mm day

-1
, with RMSE of 0.56 mm day

-1
 and 0.38 

mm day
-1
 to maximum and minimum values, respectively. These results evidence that the 

S-SEBI algorithm is an important tool to be applied in analysis of semi-arid regions that 

weather stations is not available, because, in S-SEBI, is not necessary uses meteorological 

data to solve the energy balance, and the processing is easier than SEBAL algorithm. 
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