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1- Reference Evapotranspiration
2- Crop coefficient
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5- Moderate Resolution Imaging Spectroradiometer

S la e Al 4y > g5 b g oo i (orade 9O
a>ly arie o plyiear 1) olS 5 S asgerme (aie
5 S P e oS Gl sy oS e s
55 e a5 Jo s 135d oo dros Coul CeiSs
Saglie paiz hg e 3l e fy olS g SI (e
solinal LS - O Jll anli e (Seebussy]
dpog 0aiSly plS ibg b gble Glp wiS o
gl ez 51020 ), Ker 5 aswl) g o

\

Gy e S5 Ojls sl 4 Ol
sadsosls (1394 () Kad 5 pemilinl) (SEBAL)
Sz 29 (S-SEB) aej (rbaw (55,51 3l oL
[T IS PR SERFTOVE
b 3y 5 i 428 (Y- ¥ (o San 5 5) (SEBS)
(V¥ ohSen 5 ) (METRIC) © Sgps il
B wlos,S 536 (OYAF) L San 5 Sayle 5,5 o Ll
e S obyln pl sleejs> 0 SEBAL Juw
bauzuiw) Terra o,lsale (sl yssal 5l colaiwl L elaie
Blale olie Yo A LYY Jloj 5,05 s (MODIS
PNz Sl oad S5l ally Gy 5 S
sskas G eolinud b5y 5 s oyl S
oolizl Bl b 45 ol METRIC o25,sSI! «glo loals
laalde 13 1) 3,5 5 5 Glime (e slaosls |
5wk S o aruloe lab g alljy) slabixd (Sl
by Sletads o BLSJH pnoSl cnl el
5 Sr bl )3 ey gl Sl beojlsale L
Tolaw (Siglssned Sl izmen 5 (S e 8000
5 che sl b ol e S s
ol 0 S sleadlie (BLS de slagasls
Sloylgale  slaosls  dlawgds a5 wliwa o ,6N!
OSer 5 heranl) s o)l b abasr

Y0
w5 20 b R 50 (V7)) o en 5 o5 ol
Saizmiw  colatwl b vgie ddlaie jo a8ly 5,05 g
9 et lade Sl ol Jlow 02,551 8083 050
25 sl asra lis, ke yo ) s Gy
el 839> 55 3,85 g e (VTAF) ) an 5 s

1- Surface Energy Balance Algorithm for Land

2- Simpled Surface Energy Balance Index

3- Suface Energy Balance System

4- Mapping Evapotranspiration at high Resolution with
Internalized Calibration
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1- Extreme Learning Machine
2- Genetic Algorithm Neural Networks
3- Wavelet Neural Networks
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1- Enhanced Thematic Mapper Plus

2- Operational Land Imager

3- Thermal Infrared Sensor

4- United States Geological Survey

5- Normalized Difference Vegetation Index
6- Enhanced Vegetation Index
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Estimation of reference evapotranspiration using remote sensing data in
Hamedan-Bahar Plain

Z. Niasti!, H. Ebadi® and A. Kiani®*

Extended Abstract

Reference evapotranspiration (ETo) is a major research area of both hydrology and water
resources management. The most important and direct application of ETo is in the field of
irrigation. One of the conventional methods for estimating reference evapotranspiration using
meteorological data is the Penman-Monteith-FAO equation. This equation due to satisfactory
results has been used in a variety of climates around the world. However, the lack of
necessary meteorological data makes it difficult to estimate spatially distributed ETo using the
FAO-PM method in the wider ungauged areas. Penman Monteith method requires the data of
air temperature, wind speed, relative humidity, solar radiation and etc. To overcome the
existing limits of the FAO-PM model, various attempts aiming to estimate ETo with limited
observed data have been conducted. Remote sensing methods are already the only way to
obtain the various variables at the temporal and spatial scales that needed to estimate
evapotranspiration. In recent years, several algorithms have been proposed to estimate
reference evapotranspiration using remote sensing data. Some of these models, which are
based on the relationship of energy balance, are called surface energy balance methods. In
addition to remote sensing, data analysis techniques based on machine learning (ML) are
more frequently used in agricultural studies in recent years, especially in evapotranspiration.
Therefore, analyses performed with ML algorithms, when coupled with remote sensing data,
have the potential to predict the biophysical variables, mainly due to the adaptive capacity of
the models to find patterns in nonlinear behavior variable, such as ETo. Machine learning
methods are well known and have been widely used in other engineering sciences. The
purpose of this study is to estimate the reference evapotranspiration using machine learning
algorithms and remote sensing data, and finally to analyze the algorithms used. In general, the
final results of evapotranspiration estimation depend on factors such as the type of data and
the method for estimating evapotranspiration.

In this study, the standard method of estimating ETo with meteorological data, Penman-
Monteith FAO equation was used. The NDVI vegetation index indicates the amount of
vegetation on the ground and is sensitive to the early stages of phenology. But the enhanced
vegetation index (EVI) minimizes atmospheric effects and differences in blue and red
reflections. The SAVI index is used to calculate the vegetation of the land surface that has
moderated the effect of soil on it. Three machine learning algorithms were introduced to train
the ETO models, including random forest (RF), gradient boosting regressor (GBR) and
support vector regression (SVR). Random forest is one of the machine learning methods that
performs classification and regression using Bootstrap and Bagging methods. In this research,
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three machine learning algorithms with different input data (vegetation indices and all bands
of Landsat 7 and 8) were used and after comparing the results, the best model was selected.
Performance Evaluation Indicators considered to compare and evaluate the performance of
the studied models were the parameters of mean square error (RMSE), mean absolute error
(MAE), coefficient of determination (R2) and correlation coefficient (CC). Finally, according
to the results of the two approaches used in this study, using the values of all Landsat bands,
the reference evapotranspiration can be estimated with more accuracy.

Accurate estimating of reference evapotranspiration is necessary to estimate irrigation needs
and in general, to accurately manage water resources. Conventional methods of measuring
evapotranspiration are reference using meteorological data. These measurements are point-
based, so they are only suitable for very small scale areas. At present, remote sensing methods
are the only non-terrestrial way to obtain the various variables at the temporal and spatial
scales needed to estimate reference evapotranspiration. In order to reduce the dependence on
climatic data and better resolution, machine learning methods are used to calculate the
reference evapotranspiration. In this research, RF, GBR and SVR models were used. In the
present study, two approaches were used. In the first approach, the values of all bands of
Landsat images were as model input; while in the second approach, vegetation indices were
calculated with only a few bands of Landsat images and then used as model inputs. By
examining, it could be seen that the information obtained from the Landsat image bands is
related to the phenological behavior of the products, and it is also possible to contract very
relevant information related to agricultural products that are examined temporarily and
spatially. One of the factors influencing the accuracy of estimating reference
evapotranspiration is the use of other Landsat bands in addition to the bands related to
vegetation indices.
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