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Introduction

Agricultural water management studies require accurate information on actual evapotranspiration.
This information must have sufficient spatial detail to allow analysis on the farm or basin level
(Sanchez et al., 2008). The methods used to estimate evapotranspiration are grouped into two main
groups, which include direct methods and indirect or computational methods (Alizade and Kamali,
2007). Basics of the indirect methods are based on the relationship between meteorological
parameters, which impedes the use of these data with a lack or impairment. On the other hand, this
information is a point specific to meteorological stations, and their regional estimates are another
problem of uncertainty of their own. To this end, the use of remote sensing technology can be a
suitable approach to address these constraints. Real evapotranspiration can be estimated by satellite
imagery that has short and long wavelengths and is estimated using surface energy equations (Chihda
et al., 2010). Examples of such algorithms include SEBAL (Bastiaanssen et al., 1998 Bastiaanssen,
2000;), METRIC (Allen et al., 2007), SEBS (Su, 2002). Among the above mentioned algorithms,
energy billing algorithms have been used (Bagheriharooni et al., 2013; Teixeira et al., 2009). Among
the factors of superiority of the SEBAL algorithm, in comparison with other remote sensing
algorithms, is a satellite imagery analysis algorithm based on physical principles and uses satellite
simulation and requires minimum meteorological information from ground measurements or air
models (Bastiaanssen et al., 2002).

Methodology
In this research, 24 images from Landsat 8 satellite and 60 Sentinel 2 satellite images were used
during growth period of sugarcane in 2016 and 2017, respectively (from May 28 to October 17 of


https://jise.scu.ac.ir/

2
Jalali et al.,47 (1) 2024 DOI: 10.22055/JISE.2019.27808.1813

each mentioned year). The study area is located in the Amir Kabir unit of Sugarcane Industry in the
southern province of Khuzestan, one of the seven sugar cane cultivars and industries with local
coordinates of 48 ° 16'49"E and 31 ° 2' 2"N. Amir Kabir Cultivation & Industry is located at Km 45
of Ahvaz - Khorramshahr Road, which is located south of Mirza Kuchak Khan's cultivation and is
located in the east of Karoon's River. The total area of this farm was 15,000 hectares and its net area
was 12,000 hectares, divided into several 25 hectares. The required meteorological information was
extracted from the Amir Kabir Crop Production and Meteorological Station. This information
includes: wind speed, sunshine hours, maximum and minimum temperatures, and rainfall.

Results and Discussion

The main objective of this study was to estimate the actual evapotranspiration of the sugarcane by
using Landsat 8, Sentinel 2 and SEBAL algorithm. Finally, the results were compared with
lysimetric data and analyzed. For statistical analysis of the results, the absolute difference indices and
relative differences were used. In order to estimate evapotranspiration, as mentioned earlier, it was
necessary to obtain the values of pure radiation and the heat flux for hot and cold pixels. The results
are presented in Table 1, by separation of the evapotranspiration estimation method and the date of
the images. Table (1) shows the potential evapotranspiration using the Taylor Presley method and the
maximum values estimated by the SEBAL algorithm for Amir Kabir cultivation and industry.
According to Table 1 the evapotranspiration rate calculated using the Taylor-Presley method is not
significantly different from the evapotranspiration calculated by the SEBAL algorithm. In general, it
can be stated that the method of using Landsat 8 and Sentinel 2 satellite images can calculate the
amount of canopies evapotranspiration and transpiration with a small error value. the lysimeter gives
the actual amount of evaporation and transpiration, by comparing the values of evapotranspiration
calculated by the SEBAL algorithm and the values provided by the Lysimeter, the rate of error
estimation indices represents less values. Therefore, according to Table (1), Sahbal algorithm is a
suitable method for estimating the amount of evapotranspiration of cane sugar.

Table 1- Potential evapotranspiration using the Taylor Presley method and the maximum values
estimated by Sybal algorithm for Amir Kabir cultivation and industry

SEBAL Presley-
0,
(Ye)RMSE (mm/day)MAE (mm/day)algorithm Taylor Date
51 0.21 4.78 451 2017/5/26
6.53 0.18 3.95 3.83 2017/6/27
3.12 0.27 2.83 2.65 2017/7/29
5.8 0.12 2.66 2.53 2017/8/30
9.87 0.16 3.65 3.56 2017/9/22
111 0.11 3.98 3.93 2017/9/10
7.82 0.09 5.98 5.93 2017/5/26
4.12 0.3 5.71 5.58 2017/6/27
6.32 0.25 4.86 4.55 2017/7/29
9.56 0.14 3.24 3.18 2017/8/30
2.33 0.1 4.98 491 2017/9/22
3.53 0.15 5.33 5.23 2017/9/10

The results showed that, despite the fact that the Sentinel 2 satellite does not have thermal bands,
it is possible to calculate the actual evapotranspiration using the SEBAL algorithm by combining the
satellite images with the Landsat satellite. Landsat satellite images are also challenging to estimate
the water requirement, but according to the calculated indices, there is no significant difference with
the lysimetric data. Compared to the combination of images, which have a precise accuracy in order
to cover the time lag of Landsat 8 and Sentinel 2.
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Conclusions

The SEBAL algorithm solves the energy balance equation to calculate the actual
evapotranspiration of the plant, and the calculated parameters such as surface temperature, NDVI are
defined in a certain range and are acceptable. The calculations showed that the results were
consistent with the acceptable limits stated in the sources and statistics, and they confirmed this
algorithm.

Also, in comparison with the Taylor-Presley method, it was observed that SEBAL has calculated
the actual evapotranspiration with acceptable results, which is also the reason for this method in
calculating evapotranspiration. Due to errors in collecting climatic data such as wind speed, air
temperature, solar radiation, day time duration, humidity, and also lack of calibration of coefficients
such as coefficient of evaporation pan, plant coefficients for estimating evapotranspiration in many
common error methods has it. In this regard, it is possible to consider new methods, such as the use
of satellite imagery, to calculate the evapotranspiration of the plant for a wide range of plains as well
as a point scale. It is obvious that by using suitable spatial resolution with homogeneity of the field
farms and at appropriate time intervals, it is possible to plot the actual evapotranspiration of the plant
for each region during the growing season.
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Table 1- Potential evapotranspiration by Priestly-Taylor and maximmum estimated evapotranspiration
by SEBAL for Amir Kabir plantation and industry

Priestly- SEBAL Mean absolute
Date Taylo); algorythm(mm/day) MAE(mm/day) ~ RMSE(%) difference (mm/day)

5/18/2017 451 4.78 0.21 5.1

5/26/2017 3.83 3.95 0.18 6.53

6/27/2017 2.65 2.83 0.27 3.12 0.175
7/29/2017 2.53 2.66 0.12 5.8 '
8/30/2017 3.56 3.65 0.16 9.87

10/09/2017 3.93 3.98 0.11 111

5/18/2018 5.93 5.98 0.09 7.82

5/26/2018 5.58 571 0.3 4.12

6/27/2018 4.55 4.86 0.25 6.32 0171
7/29/2018 3.18 3.24 0.14 9.56 '
8/30/2018 4.91 4.98 0.1 2.33

9/22/2018 5.23 5.33 0.15 3.53

OULod ) paodts pOlao 9 oY (519 I cOlawl b g ol SChS St 9 CulST 50 dil39) (ABlg G W wikd Y 9o
Jbw 12951 Sy
Table 2- Potential evapotranspiration by lysimeter and maximmum estimated evapotranspiration by
SEBAL for Amir Kabir plantation and industry

. SEBAL Mean absolute
Date Lysimeter algorythm(mm/day) MAE(mm/day) ~ RMSE(%) difference (mm/day)

5/18/2017 4.56 4.78 0.18 13.34

5/26/2017 3.89 3.95 0.12 5.87

6/27/2017 2.76 2.83 0.24 9.98 0.185
7/29/2017 2.63 2.66 0.16 15.45 '
8/30/2017 3.66 3.65 0.1 6.85

10/09/2017 3.98 3.98 0.31 2.96

5/18/2018 5.96 5.98 0.22 4.36

5/26/2018 5.65 5.71 0.19 4.87

6/27/2018 4.82 4.86 0.27 8.95 0.236
7/29/2018 3.23 3.24 0.23 12.66 '
8/30/2018 4.98 4.98 0.34 3.23

9/22/2018 5.36 5.33 0.17 5.12
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Fig. 2- Calculated evapotranspiration by SEBAL : (a) 18 May 2018; (b) 26 May 2018; (c) 27 June 2018;
(d) 29 July 2018
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