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Introduction

Accurate estimation of water requirements of plants is a key factor in controlling several
hydrological processes including: planning and management of water resources, especially in arid
and semi-arid regions (Laaboudi et al., 2012; Wen et al., 2015) water pricing and water requirement
for Irrigation (Yassin et al., 2016). In this study, multivariate regression methods and gene
expression planning were evaluated to estimate reference evapotranspiration. For model input data,
the Khorramabad Synoptic Station information including: maximum and minimum temperatures,
maximum and minimum relative humidity, sunny hours and monthly wind speeds in the range of
1983-2017(420 months) were used. Based on the relationship between input and output parameters,
six input patterns were determined for modeling.70% of the data were used for training and 30%
were used for model validation.The results of multivariate regression showed that the proposed
model had acceptable accuracy with R = 0.952.The analysis of model coefficients showed the
greatest effect of maximum temperature with a coefficient of 0.604 on reference
evapotranspiration. Gene expression planning results showed that the fifth pattern with four main
operators was R? = 0.958 and RMSE = 0.704 in the training phase and R?=0.977 and RMSE =
0.615 in the test phase had better performance.

Materials and Methods

The study area is the Khorramabad Plain, which is 2500 km? in elevation 1147.8 m above sea
level, located in the middle of Zagros valley and is located in the center of Lorestan province.
Climatically, it is a semi-arid region based on the Dumerton coefficient, and is semi-humid cold
on the basis of the Ambergris climogram. The average annual rainfall in this region is
approximately 508 mm.The reference evapotranspiration calculation was performed by FAO-
Penman-Monteith method which requires data on radiation, temperature, humidity and wind speed
and was able to estimate the reference evapotranspiration of the plant with high confidence level
over a wide range of regions and climates. In this study this method was used as the standard
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method of RefET 3.2 software. SPSS-24 software was used for multivariate regression analysis. In
this study gene expression programming algorithm was used. The first step in GEP is to form an
initial population of solutions. Then chromosomes are expressed by tree expression (ETs). In the
next step, the compatibility or efficiency of each member of the population of chromosomes must
be assessed by the fitting function. Although analysis of problems with GEP does not require a
detailed understanding of the mathematical structure of the problems, but we need to determine the
optimality of the potential answers of problem (chromosomes) and their compatibility with a
method and by removing weaker ones and keeping the answers more consistent, getting closer to
the optimal answer. In evolution and in the system of natural selection it is the role of nature to
prefer more consistent responses to other responses. To evaluate the accuracy and efficiency of the
models, R?, RMSE and NS were used. The best values for these criteria are 1, 0 and 1, respectively.

Results and discussion

To investigate the influence of model input parameters including: maximum temperature,
minimum temperature, maximum relative humidity, minimum humidity, sunshine hours and wind
speed on estimation of reference evapotranspiration and determination of input pattern of GEP
model, multivariate regression analysis was performed between these parameters. Observing the
significant level can be said that all parameters are significant at the 1% level, indicating that the
input parameters all affect the evapotranspiration variable and will be used in prediction.
Comparison of the standardized coefficient for the input parameters shows that maximum
temperature with a coefficient of 0.604 has the most effect on the reference evapotranspiration and
is a stronger predictor than the other variables. After that, respectively, wind speed, sunshine,
minimum temperature, maximum and minimum relative humidity have the most influence on
prediction and estimation of evapotranspiration. Hosseini et al. (2015) were concluded that
maximum temperature and wind speed had the most effect on the reference evapotranspiration,
which is in agreement with the results of the present study. According to studies in this field, the
best population is from 30 to 50 chromosomes and the appropriate response comes from the
selection of 2 or 3 genes (Ferreira, 2001); Therefore, 30 chromosomes and 3 genes in chromosome
composition were used for the initial population in this study. Also the link function (+) was chosen
because of its superiority over other functions. The maximum iteration of the fitting function was
also set to 1000. The values of the genetic operators rate of consecutive insertion and consecutive

insertion root equals 0.1, the mutation rate and the inversion rate of the same model default values,
and the sum of the three rate operators of single-point combinations, two-point combinations, and
gene combinations, respectively (Ferreira, 2001) was set at 0.7. In this study, gene expression
planning has been able to perform well in all scenarios. Combined structure 5 with four main
operators at Khorramabad station has the least error and most accuracy and was able to estimate
the reference evapotranspiration rate with good accuracy.

Conclusion

In this study, multivariate regression and gene expression programming methods were used to
estimate reference evapotranspiration in Khorramabad.To determine the input pattern based on the
correlation coefficients between input and output parameters, a decision was made. Six input
patterns were determined for modeling and implemented with two types of mathematical operators,
one as four main operators and one as default operators by gene expression programming. Due to
the complex relationship between parameters affecting reference evapotranspiration, the efficiency
of gene expression planning was evaluated. The results showed that gene expression programming
method has acceptable ability to estimate reference-evapotranspiration under Khorramabad
climatic conditions and can be used with high confidence in estimating reference-
evapotranspiration and as an acceptable model. Finally, it is suggested to use newer methods such
as game theory in determining effective variables and modeling input patterns and to use new
intelligent methods for modeling reference evapotranspiration and Compare with older models.
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Table 1- Model accuracy coefficients and multivariate regression parameters
Standardized

Unstandardized Coefficients

Coefficients .
Std t Sig.
B ; Beta
Error
(Constant) -.382 114 -3.357 0.001
Tmax .250 .004 .604 65.827 0
Tmin .033 .004 .055 7.876 0
RHmax -.034 .001 -.186 -42.032 0
RHmin -.009 .001 -.038 -7.434 0
WS .399 .005 212 84.196 0
SUN .133 .005 .108 29.189 0
Evaluation index
NS RII\EAS R2 Equation
0?0 194 0.938 ET, =-0.382+0.25T,
082 185 ET, =-0.382+0.25T,,, +0.399WS
8 0.957
0-272 254 096 ET, =-0.382+0.25T, _ +0.399WS +0.133Sun
0-;59 2.12 ET, =-0.382+0.25T, +0.399WS +0.133Sun +0.033T, ,,
0.961
0-773 2.48 ET, =-0.382+0.25T,,, +0.399WS +0.133Sun +0.033T,, —0.009RH .
0.962
0.97 0.7

0.97T, = —0.382+0.25T, +0.399WS +0.1335un +0.033T,,, —0.009RH,, —0.034RH,,,
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Table 2- Input Patterns of Multivariate Regression Models and Gene Expression Programming
Input Patterns of Models

1 ETOZf{Tmax}
2 ET, = f{T_ WS}
3 ET, = f{T__ . WS,Sun}
4 ET, = f{T_ . Ws,SunT .}
5 ET, = f{T_,.Ws,sun,T, ,RH . }
6 ETO = f{Tmax'WS’SuniTminiRHmin'RHmax}
20
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Fig. 2- (a) Diagram of calculated and predicted values over time; (B) Diagram of the distribution of
calculated and predicted Regression values
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Table 3- The values of the parameters used in the GEP model

Parameters Value Genetic operator Value
Number of chromosome 30 Mutation rate 0.00138
Number of gene in 3 Inversion rate 0.00546
chromosome
Link function ) IS Transposition rate 0.1
Error Crlter!on of Fit RMSE RIS Transposition rate 0.1
Function
Maximum Repeat Fit 1000 One-Point Recombination rate 0.2
Function
Two-Points Recombination rate 0.2
Gene Recombination rate 0.3

b Khos degosxo dw 3l ool b O3 Ol S pstliy (W95 - ¢ Jou
Table 4 - Gene expression programming method using three sets of mathematical operators

Pattern  operator Testing Training
RMSE(mm/day) R? NS RMSE(mm/day) R? NS

1 M1 F1 1.01 0.94 0.939 0.822 0.959 0.945
F2 1.007 0.942 0.94 0.818 0.961 0.946

2 M2 F1 0.842 0.96 0.957 0.857 0.948 0.949
F2 0.786 0.966 0.965 0.954 0.954 0.953

3 M3 F1 1.05 0.958 0.936 1.06 0.93 0.927
F2 0.674 0.982 0.973 0.775 0.959 0.966

4 M4 F1 0.815 0.971 0.961 0.802 0.955 0.956
F2 0.954 0.949 0.947 0.955 0.934 0.941

M5 F1 0.625 0.977 0.977 0.741 0.958 0.97

F2 0.654 0.976 0.975 0.773 0.953 0.968

6 M6 F1 0.851 0.959 0.958 0.993 0.933 0.942
F2 0.643 0.983 0.976 0.867 0.953 0.964
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Fig. 3- (a) Diagram of calculated and predicted values over time; (B) Diagram of the distribution of
calculated and predicted GEP values in the training phase
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Fig. 4- (a) Diagram of calculated and predicted values over time; (B) Diagram of the distribution
between the calculated and predicted GEP values in the test phase
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