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1- Haldizen Catchment
2- Periodic Term (PT)
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Figure 1- Location of study area in the Karkhe basin
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Table 1- The physiographic and hydrological characteristics of the study are (1972-2017)
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1- Genetic Algorithm
2- Ramified Structures
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Table 3- Values of RMSE, R and MAE statistics obtained from the linear and nonlinear GEP models

i B o990l dls o Cond dls o
3, s J g9 Training phase Testing phase
Row Pattern Model type I?nl\glssl)z R (,\41@5 RMSE (m¥s) R MAE (m¥s)
1 M1 Line_ar 6.405 0.512 5.358 4.657 0.620 3.242
Non-Linear 6.241 0.601 5.221 4,494 0.624 3.201
2 M2 Line_ar 6.380 0.603 5.254 4,553 0.622 3.164
Non-Linear 6.221 0.606 5.143 4.483 0.626 3.178
3 M3 Linear 6.353 0.605 5.159 4.483 0.625 3.147
Non-Linear 6.166 0.610 5.064 4.451 0.628 2.904
4 M4 Linear 5.970 0.614 5.051 4.307 0.634 2.839
Non-Linear 5.531 0.623 4.933 4.093 0.660 2.782

GEP (hd yié g (had sloo drwgs sl 00ub 03liw] (29,3 9 (63959 Loyl —€ Jgo
Table 4- Input and output parameters used to develop the seasonal and nonlinear GEP models

) el Jao g9 295> 9 8399 SleWb!
Row Pattern Model type Input and output parameters
a-GEP Q =f (Qu.a)
1 M1 PT-GEP Q, =f (Q,,cos[27i /12],sin[27.i /12])
PT-0-GEP Q, =f (Q .cos[2xi /12],sin[27. /12], )
a-GEP Q =f (Q1.Q . a)
2 M2 PT-GEP Q. =f (Q1.Q, ,,cos[27i /12],sin[27.i /12])
PT-a-GEP Q, =f (Q 1.Q ,,cos[2i /12],sin[27i /12], )
a-GEP Q =f (Q.1QQ sa)
3 M3 PT-GEP Q, =f (Q1.Q ,.Q, 5 cos[2z.i /12],sin[27.i /12])
PT-a-GEP Q, =f (Q1.Q, Q. 5,c08[2i /12],sin[27i /12],&)
a-GEP Q =f (Q4.Q2Q35.Q 4 )
4 M4 PT-GEP Q =f (Q1:Q2:Q, 5.Q 4cos[27i /12],sin[27.i /12])
PT-0-GEP Q =f (Q1.Q »Q 5Q, ,cos[27i /12],sin[27i /12],cx)
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Table 5- Values of RMSE, R and MAE statistics obtained from the linear and nonlinear GEP models

23, 9! Joe g9 Training phase Testing phase

Row Pattern Model type F((%/S; R (l\:qgl}sl‘:_) RMSE (ms) R MAE (m¥s)

a-GEP 5.894 0.606 5.174 4.238 0.651 3.182

1 M1 PT-GEP 5.617 0.616 5.012 4.102 0.702 3.107

PT-a-GEP 5.738 0.610 5.124 4.213 0.691 3.167

o-GEP 5.736 0.612 5.153 4.229 0.659 3.106

2 M2 PT-GEP 5.615 0.621 4,983 4.023 0.697 2.921

PT-a-GEP 5.668 0.618 5.018 4.109 0.684 3.009

a-GEP 5.701 0.616 5.127 4191 0.709 2.957

3 M3 PT-GEP 5.523 0.629 4.851 3.956 0.726 2.809

PT-a-GEP 5.614 0.625 4.964 4.014 0.714 2.907

a-GEP 5.510 0.623 5.102 3.882 0.741 2.713

4 M4 PT-GEP 5.411 0.642 4.691 3.789 0.808 2.697

PT-a-GEP 5.456 0.639 4,741 3.940 0.731 2.729
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Table 6- Values of RMSE, R and MAE statistics obtained from the hybrid W-GEP models

3y Sage Dec“g;upoes‘::on Training phase Testing phase
Row  Wavelet level ?rm/ss)E R ('\r"n'g‘/s RMSE (m¥%s) R MAE (m%s)
1 5.393 0.642 4.817 3.889 0.723 2.825
1 haar 2 4.692 0.717 4.430 3.817 0.718 2.334
3 4.814 0.703 4.664 4.175 0.657 2.696
1 4.230 0.763 4.358 3.077 0.830 1.976
2 db4 2 4.400 0.743 4.669 3.100 0.826 2.155
3 4.168 0.764 4.627 3.810 0.748 2.580
1 4.003 0.770 4.116 2.898 0.847 1.745
3 sym 2 4.326 0757 4.593 2.976 0.840 2.053
3 4.286 0.761 4.665 3.103 0.825 2.222
1 4.826 0.702 4.895 3.762 0.746 2.720
4 mey 2 4.291 0.746 4.494 3.192 0.811 2.151
3 4.373 0.742 4.589 3.210 0.808 2.183
1 4.980 0.703 4,717 3.881 0.721 2.839
5 coif 2 4.785 0.705 4.693 3.569 0.760 2.559
3 4.796 0.701 4,723 3.584 0.751 2.631




VAN 03 0l 3l Jose 2,5es dguge 50 Wools (310 1 sy SB09) (23 o)

) 307
(@) : 4.093
4] 3798
2, 2.898
E
[4a]
1721
= 21
a4
1 4
L-GEP  NL-GEP  PT-GEP  W-GEP

o<}

vzl (<)
Tean

(b)

=)
L

[
L

The mean and standard deviation of the data (m>/s)
S

(@3/5) Lb ool Lo ilyl 5 Sl o

0 - j : (i . ;
Observed W-GEP PT-GEP NL-GEP L-GEP

w990 SBUme I hols  Tlawlxo g Fladlin edls jlro il g (pSilbe (&) g RMSE o,bof ydlie (A1) -€ JSu5
Figure 4- (a) The values of RMSE statistics, (b) the mean and standard deviation of the observed and estimated data obtained
from considering models
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Figure 5- The values of the observed and estimated data obtained from PT-GEP and WGEP models in test phase
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Introduction: Surface water has always been one of the most essential pillars of water projects and, with
modeling and predicting the river flow, in addition to the management and utilization of water resources, it is
possible to inhibit the natural disasters such as drought and floods. Therefore, researchers have always tried to
improve the accuracy of hydrological parameters estimation by using new tools and combining them. In this
study, the effect of seasonal coefficients and mathematical methods of signal analysis and signal processing on
wavelet transform to improve the performance of the Gene Expression Programming (GEP) model were
discussed.

Materials and Methods: In the present study, for the prediction of the monthly flow of Ab Zal River, the
information of Pol Zal hydrometric station in period 1972 to 2017 was used. In the next step, different input
patterns need to be ready. To this purpose, the data are presented in three different modes: (a) the use of flow
data and considering the role of memory up to four delays; (b) the involvement of the periodic term in both
linear (?-GEP) and nonlinear (PT-GEP) states, and (c): data analysis using the Haar wavelet, Daubechies 4 (db4),
Symlet (sym), Meyer (mey), and Coiflet (coif), was done in two subscales, prepared, and introduced to the GEP
model. To better analyze the effect of mathematical functions used in the GEP method, two linear modes (using
Boolean functions including addition, multiplication, division, and minus) and nonlinear (including quadratic
functions, etc.) were considered. The wavelet transform is a powerful tool in decomposing and reconstructing the
original time series. Wavelet function is a type of function that has an oscillating property and can be quickly
attenuated to zero. Modeling was done based on 80% of recorded data (432 months) and the validation was done
based on the remaining 20% (108 months). To evaluate the performance of each of models, statistical indices
such as mean square error (RMSE), mean absolute error (MAE), and correlation coefficient (R) were used.

Results and Dissection: The results of linear and nonlinear GEP models showed that in both cases, the four-
delay model achieved the most accuracy in river flow prediction. Still the performance of nonlinear GEP model
according to RMSE (4.093 (m3/s)), MAE (2.782 (m3/s)) and R (0.660) were better than another, respectively. In
the next step, the periodic term was added to the model inputs. Based on the results, the PT-GEP model with M4
pattern had the lowest error, the highest accuracy and was able to reduce the RMSE index by 8%. Then, in the
third step, the river flow data were divided into approximate subdivisions and details using five wavelet
functions. The most appropriate level of analysis based on the number of data was considered as number three.
The results of the W-GEP modes showed an excellent performance of this method so that the model was able to
reduce the RMSE statistics with 48.6%, 41.2%, and 31.1% compared to the L-GEP, NL-GEP and PT-GEP
methods, respectively. Also, the best performance of the W-GEP model with the Symlet wavelet and the
decomposition level of one had the highest accuracy (R=0.847) and the lowest error (RMSE =2.898 (m3/s) and
MAE =1.745 (m3/s) among all models (35 models) such as linear and nonlinear, seasonal and non-seasonal and
wavelet hybrid models.

Conclusion: Based on the results, it can be concluded that the overall use of data preprocessing methods
(including seasonal coefficients and wavelet functions) has improved the performance of the GEP model.
However, the combination of wavelet functions with the GEP model has significantly increased the accuracy of
the modeling. Therefore, it is recommended as the most suitable tool for river flow forecasting.
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