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Figure 1- Monthly evaporation time series at the evaporation station of Ekbatan Dam in Hamadan (1970-2017)
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Table 2- The values of evaluation criteria of SARIMA models in the calibration step
lg 093 33 SARIMA (slaJow (2b 5,1 o sle ol -V Jgur

Selected model R?

(mm.d?)

RMSE = s aic  NsSE

SARIMA(L,0,0) (2,1,1) 0.96
SARIMA(2,0,0) (2,2,1) 0.95
SARIMA(0,0,1) (2,1,2) 0.96
SARIMA(0,0,2) (2,1,2) 0.96
SARIMA(1,0,1) (1,1,2) 0.96
SARIMA(2,0,1) (1,2,1) 0.95
SARIMA(1,0,2) (0,2,1) 0.94
SARIMA(2,0,2) (1,2,1) 0.95
SARIMA(L,1,1) (1,2,2) 0.95
SARIMA(2,1,1) (0,2,2) 0.95
SARIMA(0,1,2) (2,1,1) 0.96
SARIMA(2,1,2) (1,1,0) 0.95

25.50 0.17 8.82 0.96
27.97 019 1047 0.5
25.85 0.17 1078  0.96
25.67 017 1281 0.96
25.34 0.17 1079  0.96
29.50 020 1029  0.95
32.25 0.22 7.57 0.94
29.32 020 1230 0.95
29.85 020 1026  0.94
27.65 019 1042  0.95
62.16 0.18 10.75  0.96
28.39 019 1039 0.5
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Table 3- Time series input patterns for predicting
monthly evaporation

Inpnuutrgggt:rn Input pattern structure
E(t) = f{E(t-1), E(t-2)}
E(t) = f{E(t-1), ..., E(t-3)}
E(t) = f{E(t-1), ..., E(t-4)}
E(t) = f{E(t-1), ..., E(t-5)}
E(t) = f{E(t-1), ..., E(t-6)}
E(t) = f{E(t-1), ..., E(t-7)}
E(t) = f{E(t-1), ..., E(t-8)}
E(t) = f{E(t-1), ..., E(t-9)}
E(t) = f{E(t-1), ..., E(t-10)}
E(t) = f{E(t-1), ..., E(t-11)}
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Figure 5- The comparison of observed and predicted
evaporation with SARIMA model in validation step
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Table 5- The used parameters in the GEP model

Parameters Values
Number of chromosomes 30
Head size 8
Number of genes 3
Leap rates 0.044
Inversion rate 0.1
Single-point recombination rate 0.1
Two-point recombination rate 0.3
Gene recombination rate 0.1
Gene transfer rate 0.1
Consecutive song rates 0.1
Root song _rate o_f consecutive 01
insertion ‘
Two-point recombination rate 0.3
Gene recombination rate 0.1
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Table 4- Evaporate prediction results in calibration and
validation steps with the linear regression model

Input
pat‘t)ern stage R? RMSE SE NSE
number (mm.d)
1 Calibration 0.75 64.98 0.44 0.74
Validation  0.79 55.93 039 0.78
2 Calibration 0.79 59.01 0.4 0.86
Validation  0.79 66.19 0.47 -2.38
3 Calibration  0.83 54.95 0.39 0.81
Validation  0.87 45,16 032 0.86
4 Calibration 0.85 51.59 0.34 0.83
Validation  0.92 48.04 034 084
5 Calibration 0.94 47.55 0.32 0.86
Validation  0.91 38.13 0.27 0.9
6 Calibration 0.88 46.07 0.31 1
Validation  0.93 33.51 0.24 1
7 Calibration  0.88 45.96 031 0.87
Validation ~ 0.93 38.95 0.27 0.9
8 Calibration 0.88 45.21 0.3 0.87
Validation ~ 0.92 35.76 0.25 0.91
9 Calibration 0.9 42.31 0.28 0.89
Validation  0.89 42.05 0.3 0.88
10 Calibration  0.92 37.27 0.25 0.91
Validation ~ 0.93 36.75 0.26 0.91
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(o]
300 A
P
£ 250 A o 80
£ 8
% 200 o~ ©
E WS o
© 150 -
>
8 100 +
z $ /o0
8 50 - g o
o @
L o0

0 50 100 150 200 250 300 350
Observed values (mm)

L oo (S 9 loalico pudd (o dulio -7 JSC
oo A g0 50 S g )5y S
Figure 6- The comparison of observed and predicted
evaporation with linear regression model in
validation step
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Table 7- Summary results of monthly evaporate

prediction
Evaluation criteria
Model R2 RMSI_E1 SE  NSE
(mm.d?)

ARIMA 0.97 27.22 0.19 1
SARIMA 0.98 23.59 0.17 0.95
GENE 0.95 26.17 0.18 0.95
Linear regression  0.93 36.75 026 0.91
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Table 6- Evaporation prediction results in calibration
and validation steps with GEP model

9 Fowwly Jolpo 30 yudid (S S -F Jgu
GEP Ju b (cmwixo

Input
pattern stage R? RMSI_EI SE  NSE
number (mm.d")

Calibration  0.83 53.45 0.36 0.82

! Validation  0.88 42.68 030 0.87
5 Calibration 0.91 39.67 0.27 1
Validation 0.23 205.34 1.45 -1.91
3 Calibration 0.91 39.07 0.26 0.90
Validation  0.95 27.36 019 0.95
4 Calibration 0.88 44.61 0.30 0.88
Validation  0.91 37.41 0.26 0.90
5 Calibration 0.95 40.49 0.27 0.90
Validation  0.94 31.03 022 093
6 Calibration 0.88 52.68 0.35 0.83
Validation 0.21 221.40 1.56 -2.38
7 Calibration  0.90 40.71 0.27 0.90
Validation  0.94 28.88 020 094
8 Calibration  0.90 40.58 0.27 0.90
Validation  0.94 30.60 0.22 0.94
9 Calibration  0.93 35.24 0.24 0.92
Validation 0.77 59.04 0.42 0.76
10 Calibration  0.93 34.06 023 0.93
Validation  0.95 26.17 018 0.95
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Figure 7- The comparison of observed and predicted
evaporation with GEP model in validation step
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Abstract

Prediction of evaporation as a key component of the hydrological cycle is one of the most important issues in water
resources management and meteorology studies. In this study, the performance of ARIMA, SARIMA, gene expression
programming, multiple linear regression, Monte Carlo and Thomas Fairing models in prediction of monthly
evaporation values of Ekbatan Dam station, west of Iran in a 47 years period (1971-2017) were evaluated. For
calibration of these models, 40 years data (1971-2010), and for validation, data from 2011-2017 (7-year) were used.
The statistical metrics of the correlation coefficient, root mean square error, standard error, the Akaike information
criterion, and NSE were selected for evaluation and comparison of models. The results showed that the SARIMA
model has more accurate performance in predicting monthly evaporation. The GEP model, ARIMA, and MLR are
ranked second to fourth. However, since the GEP model is easier to use than the SARIMA model and requires fewer
variables than the SARIMA model, it shows promise to generate faster results, therefore, the GEP models can be the
preferred option compared to others.
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