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Table 1. Climatic variables of Varayeneh station.
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Figure 1. Location of Varayeneh station and Gamaisiab River in Nahavand, Hamedan, Iran.
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Table 2. Combinations details of GEP model.

ST 3908 oS 5
Output Input Combination
Qt+1 Q¢-1, Q¢ 1

Qt+1 Q¢ Py 2

Qt+1 Pt—l'Pt' Qt—l' Qt 3

Qt+1 Py, Qr, Ep, Ty 4

Qt+1 Peo1,Pt,Qe-1, Q0 Ee—1, B, Te—1, Tt 5

Qt+1 Pe_2,Prq,Pt,Qe-2,Qe-1,Q0 B2, Et—1,Et, Te, Te—1, Tt 6

1- Head

2- Principal component analysis

3- Kaiser-Meyer-Olkin

4- Partial correlation coefficients
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Table 3. The best structure in GEP model combinations.

ot Dl o (S0l Lo

r RMSE s e E
Ose3l Soisl S0 il Time Scale Combination
Test Train Test Train
0.92 0.94 0.0130 0.0134 Daily «i35,
0.51 0.71 0.0550 0.0527 Monthly «lsls 1
0.92 0.94 0.0132 0.0140 Daily «i35,
0.58 0.71 0.0502 0.0526 Monthly «lsls 2
0.92 0.95 0.0126 0.0130 Daily «l55,
0.57 0.73 0.0542 0.0512 Monthly «lals ’
0.92 0.95 0.0127 0.0130 Daily «l55,
0.56 0.72 0.0533 0.0513 Monthly «lsls !
0.92 0.95 0.0125 0.0129 Daily «i35,
0.64 0.80 0.0503 0.0433 Monthly «lsls ’
0.91 0.94 0.0135 0.0133 Daily «l55,
0.59 0.75 0.0537 0.0494 Monthly «lsls ¢

1- Root mean square error
2- Coefficient of determination
3- Akaike information criterion
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Table 4. The value of the test statistic in PCA method.

KMO o, laie
0.607
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
5 s
58878.050 Sl
Approx. Chl_—Square AL s S Gges]

780 O ol r2 Bartlett's Test of Sphericity
0.000 (Sig.) sl e

2yde Oy ddlie 2l g oS gl gl i 51 SledbI A5 -0 Jsr

Table 5. The percentage of the primary variables which has been expressed by every component.

(1) e bl ) bols ois olie R (1) o by (0) bl s polie e
Cumulate Variance Variance Eigenvalue = Variable = Cumulate Variance Variance Eigenvalue  Variable
95.57 0.5007 0.0076 21 62.89 62.89 0.9509 1
96.05 0.4814 0.0073 22 71.13 8.233 0.1245 2
96.48 0.4330 0.0065 23 74.90 3.770 0.0570 3
96.92 0.4314 0.0065 24 78.05 3.156 0.0477 4
97.34 0.4199 0.0063 25 80.25 2.195 0.0332 5
97.73 0.3898 0.0059 26 82.15 1.902 0.0288 6
98.09 0.3674 0.0056 27 83.96 1.812 0.0274 7
98.38 0.2884 0.0044 28 85.53 1.570 0.0237 8
98.67 0.2849 0.0043 29 87.03 1.499 0.0227 9
98.91 0.2474 0.0038 30 87.98 0.950 0.0144 10
99.14 0.2307 0.0035 31 88.83 0.848 0.0128 11
99.36 0.2179 0.0033 32 89.66 0.836 0.0126 12
99.56 0.2012 0.0030 33 90.46 0.796 0.0120 13
99.73 0.1643 0.0025 34 91.25 0.790 0.0119 14
99.87 0.1452 0.0022 35 92.03 0.782 0.0118 15
99.94 0.0704 0.0011 36 92.72 0.686 0.0104 16
99.98 0.0335 0.0005 37 93.37 0.652 0.0099 17
99.99 0.0190 0.0003 38 93.99 0.618 0.0094 18
99.99 0.0028 0.0000 39 94.56 0.568 0.0086 19
100 0.0019 0.0000 40 95.07 0.513 0.0078 20
70 . . . rl
65 (Eigenvalue) s jus s2da (Variance)o=t )\ 5 .
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Figure 3. Scree plot of Eigenvalues vs. components along with percentage variances vs. components (daily).
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Table 6. Result of WGEP model in daily period with wavelet functions at different levels.

Uaxt Sl 50 givlf*’ BRE

R? RMSE e Sorgo

Osn30 il Osn30 Siisel Level Wavelet Function
Test Train Test Train

0.94 0.96 0.0111 0.0110 5 Coifl
0.94 0.96 0.0112 0.0109 6 Coifl
0.88 0.93 0.0157 0.0145 7 Coifl
0.92 0.94 0.0125 0.0133 8 Coifl
0.92 0.94 0.0128 0.0137 9 Coifl
0.95 0.96 0.0105 0.0107 5 Sym3
0.95 0.97 0.0105 0.0102 6 Sym3
0.92 0.95 0.0125 0.0124 7 Sym3
0.96 0.98 0.0088 0.0081 8 Sym3
0.88 0.92 0.0156 0.0158 9 Sym3
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Continue Table 6.
e Lo e (o Sils 5
R? RMSE o Sorgo

Osn30 il Osn30 Siigel Level Wavelet Function
Test Train Test Train

0.93 0.96 0.0120 0.0109 5 Haar
0.93 0.96 0.0121 0.0117 6 Haar
0.89 0.93 0.0151 0.0150 7 Haar
0.94 0.97 0.0115 0.0101 8 Haar
0.86 0.91 0.0166 0.0173 9 Haar
0.95 0.96 0.0103 0.0110 5 Db2
0.95 0.97 0.0103 0.0103 6 Db2
0.91 0.94 0.0134 0.0135 7 Db2
0.95 0.97 0.0101 0.0101 8 Db2
0.94 0.95 0.0113 0.0120 9 Db2
0.94 0.96 0.0109 0.0106 5 Db4
0.94 0.97 0.0109 0.0104 6 Db4
0.96 0.98 0.0095 0.0073 7 Db4
0.91 0.94 0.0145 0.0141 8 Db4
0.94 0.96 0.0111 0.0108 9 Db4

ks C‘,hw Y &}y c‘j 6‘5‘4{ alabe 093 5> WGEP Ju. GL'A -V J;J}

Table 7. Result of WGEP model in monthly period with wavelet functions at different levels.

Uaxt Sl wﬁl’*’ BRE

R’ RMSE e oo S g

S0 il S0 il Level Mother Wavelet
Test Train Test Train

0.65 0.93 0.0452 0.0260 1 Coifl
0.70 0.93 0.0423 0.0258 2 Coifl
0.76 0.93 0.0373 0.0259 3 Coifl
0.68 0.92 0.0432 0.0286 4 Coifl
0.74 0.87 0.0391 0.0357 1 Sym3
0.82 0.96 0.0336 0.0196 2 Sym3
0.83 0.93 0.0317 0.0259 3 Sym3
0.77 0.91 0.0376 0.0298 4 Sym3
0.58 0.90 0.0521 0.0302 1 Haar
0.73 0.90 0.0393 0.0302 2 Haar
0.65 0.90 0.0450 0.0303 3 Haar
0.75 0.92 0.0380 0.0279 4 Haar
0.70 0.96 0.0448 0.0192 1 Db2
0.60 0.93 0.0505 0.0258 2 Db2
0.70 0.93 0.0452 0.0259 3 Db2
0.73 0.90 0.0396 0.0303 4 Db2
0.85 0.94 0.0296 0.0249 1 Db4
0.87 0.96 0.0278 0.0191 2 Db4
0.78 0.96 0.0356 0.0192 3 Db4
0.79 0.95 0.0358 0.0228 4 Db4
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Figure 5. The predicted flow versus observed flow (standardized) for the used models in daily period.
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Figure 6. The predicted flow versus observed flow (standardized) for the used models in monthly period.
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Table 8. Comparison the models used in this study.

Uaxt Sl 5 wﬁl’*’ BRE

ST el s O 2
AIC RMSE R’ b oelie de g5
S0 il S0 il S0 il Time Scale Model Type
Test Train Test Train Test Train
7834.47  23538.61 0.0125 0.0129 0.92 0.95 Daily «l55,
05 Ol bz
. GEP
244.04 759.44 0.0503 0.0433 0.64 0.80 Monthly «lsle
7833.06  23536.74 0.0088 0.0081 0.96 0.98 Daily «l55,
Sorpe =05 Oy S50l
WGEP
241.67 756.17 0.0278 0.0191 0.87 0.96 Monthly «lsle
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Figure 7. Comparison of the models used in this study in daily period.
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Figure 8. Comparison of the models used in this study in monthly period.
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Abstract

Background and Objectives: An increasing need to water causes the importance of planning
management in order to control water consumption in the future. River flow prediction, in
addition to the management of water resources, can predict natural disasters such as flood and
drought. Therefore, an accurate estimation of river flow using different models is an issue which
has been considered by different water resource researchers. Intelligent models have been used
to predict river flow. One of these models, which have shown appropriate performance, is Gene
Expression Programming (GEP). A use of intelligent models in combinations has been lately
accepted and for this purpose, the wavelet transform is usually used.

Materials and Methods: In this study, the GEP model was used for modeling flow in the daily
and monthly scale in Gamasiyab River. For this purpose, data of precipitation, temperature,
evaporation and flow Gamasiyab River in Varayeneh Station was used during the period from
1970 to 2012. To increase the accuracy of the model, two methods of data pre-process, called
Wavelet transform and principal components analysis (PCA) and were used in such a way that
the primary signal of each input parameter was decomposed using the wavelet transform.
Then, to determine main sub-signals, the principal components analysis was used and main
sub-signals as inputs were entered into the GEP model to produce Wavelet-Gene Expression
Programming (WGEP).

Results: Detection of different structures of the GEP model showed that the performance of the
model was good on the daily scale, but in the monthly scale, the performance was reduced. The
comparison of the WGEP model with The GEP model showed that the performance of the
hybrid model in both of the daily and monthly scale was better than the simple model. It’s
because of a pre-process which was done on data. The results of the hybrid model, based on the
coefficient determination, was increased by 4% on the daily scale and by 23% in the monthly
scale. Also, regarding too many sub-signals, using the Principal Components Analysis increased
the speed of running.

Conclusion: Using pre-process of data has increased the performance of the model and using
the PCA, as an auxiliary tool for the wavelet transform, increased the speed and accuracy of the
model. Totally, the results showed that it’s possible to use the GEP model with the wavelet
transform as a suitable tool for modeling and predicting the flow of Gamasiyab River.

Keywords: Data pre-processing, Flow modeling, Gene expression programming, Wavelet
transform, PCA method
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