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Abstract

Forecasting stream flow is very important for planning and managing water resources systems and its precision has a si%niﬁcant role in
accurately implementing the planned objectives. Besides, soft computing has a significant ability in modelling hydrologic processes.
Therefore, in the present study, the Hybrid Wavelet-Gene Expression Programming model has been developed in comparison with its
singular approach so that it forecasts the daily streamflow of Khoshkroud river located in Guilan province. For this purpose, in addition to
the process of pre-processing hydrometric data, the effect of meteorological parameters on the model’s performance and efficiency has been
studied. Also, pre-processing was performed with different properties and for four durations of one, two, three and six days. Correlation
coefficient (R), index of agreement (Ig), Nash-Sutcliffe coefficient (NSEP, mean absolute error (MAE), root-mean-square error (RMSE) and
peak flow criteria(PFC) statistical indglces were used to assess the models’ performances. The results show that using wavelet transform to
pre-process hydrometric data will significantly improve the efficiency of the hybrid model in comparison with the singular model, such that
the correlation coefficient of the validation data for three days has increased from 0.27 to 0.80 and similarly, the mean absolute error has
decreased from 1.4 to 0.80 m3/Sec. On the other hand, meteorological parameters have caused the extreme values in the river’s flow rate
time series to be well modelled and their efficiency in the extreme values to be signiﬁcantl{' increased. The results obtained from this
research express that the hybrid model alongside the meteorological parameters can be successfully and efficiently used in flow forecasting.

Keywords: Daily discharge, Khoshkroud river, Preprocessing, Time series.
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Figure 1. The overall flowchart of proposed hybrid WGEP model
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Table 1. Various input scenarios of models

Hydrological (H) / Hydrological & Meteorological (H&M) time series

. GEP WGEP
Lead time (day) - — -
Input time Mother Wavelet (MW) Decomposition level Input time
Time (day) Symbol Time (day) Symbol Level Symbol Time (day) Symbol
haar
1 L1 3 3 t
2 L2 t G(0) 4 MW t, -1 MW (0)
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Figure 2. The location of Khoshkroud river
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Table 2. The characteristics of Bajiguabar hydrometric and Ramsar synoptic stations

sles sbma 3T Ly b

Station XLongltude, latltud:{ Zone Start End
Bajiguabar (hydrometric) 449671 4095317 39S 1369-70 1395-96
Ramsar (synoptic) 471490 4083827 398 1369-70 1395-96
Table 3. The statistical parameters of daily time series
Parameter Dew point Pressure Precipitation Average temperature Discharge
Statistical index (°C) (mbar) (mm) A (°C) (m*/S)
Minimum -4.1 993.60 0 -1.5 0
Maximum 26.18 1043.95 340.2 30.5 143
Average 13.12 1015.18 34 16.73 248
Standard deviation 6.67 6.92 13.55 7.19 4.07
Skewness -0.11 0.37 9.77 0 13.57
150 - , _
—Train - - Valid
Z100- g
g
&
£
& so- 1
i Y é .
. Lot 1
oot nblidal
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
. o Time (Day_) X
Figure 3. Training and testing phase vs. time
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Figure 4. Wavelet decomposition of the observed Khoshkroud daily discharge time series with five levels using db7
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Table 4. Performance and error indices of the GEP and WGEP models of one, two, three and six-day lead times

Training results

Testing results

Lead time (day) Input type  Scenario I R MAE RMSE PFC I R MAE RMSE PFC
: (m*/S) (m*/S) (m*/S) : m*S)  (m*S) (m?/S)
G (0) 0.68 0.57 0.82 3.44 1.64 0.68 058 0.69 3.05 2.98
H haar® (1) 0.83 0.74 0.81 3.04 042 094 0.88 0.65 1.83 0.19
| Db7° (1) 093 088 0.66 1.99 034 095 092 0.52 1.49 0.52
G (0) 0.69 0.58 0.82 3.45 1.64 069 057 0.69 3.08 2.94
H&M haar® (1) 0.83 0.74 0.72 3 043 091 0.87 0.56 1.92 0.63
Db7°(1) 093  0.88 0.63 1.97 0.31 096 093 049 1.39 0.43
G(1) 0.4 0.37 1.34 3.90 1.7 0.38 0.34 1.19 3.53 3.27
H haar’ (1) 0.75 0.64 0.95 3.23 046 082 0.74 0.82 2.51 0.7
5 Db7'(1) 0.85 0.77 0.89 2.67 0.41 0.87 082 0.72 2.2 0.74
G (0) 046 037 1.08 3.95 1.73 043 033 092 3.60 3.27
H&M haar*(1) 073 0.62 0.99 3.29 047 082 0.75 0.84 249 0.74
Db7°(1) 0.85 0.77 0.96 2.69 0.4 0.88 082 0.78 2.16 0.71
G (0) 025 030 1.56 4.01 1.73 024 0.27 1.40 3.61 3.25
H haar’ (0) 0.66  0.54 1.09 3.55 048 0.72 0.64 092 2.89 0.84
3 Db7*(1) 0.80 0.71 1.05 2.95 0.41 0.86 0.77 0.86 2.37 0.64
G (0) 042 0.28 1.31 4.17 1.73 037 0.22 1.13 3.89 3.26
H&M haar® (0) 0.63  0.53 1.16 3.56 0.5 0.85 0.78 0.98 2.37 0.54
Db7'(1) 0.83 0.72 1.1 2.92 038 086 0.76 095 242 0.62
G (0) 024 023 1.63 4.08 1.73 024 0.20 1.47 3.69 3.27
H haar* (0) 0.53 0.44 1.27 0.78 0.51 0.51 045 1.06 3.35 0.95
6 Db7° (1) 0.70  0.58 1.39 3.43 047 0.72 0.61 1.17 2.97 0.85
G(2) 033  0.21 1.64 435 1.73 033 0.18 1.45 3.89 3.27
H&M haar® (1) 055 045 1.45 3.75 0.5 0.61 0.53 1.24 3.18 0.93
Db7*(1)  0.69 0.58 1.35 3.44 047 0.70 0.60 1.07 2.98 0.88
150, validation(G- L2) 150 validation(G(0)- L1)
—Target— G (1, H&M)=+++G (0, H) — Target — G(H&M) == G(H)
Z100 Zoor
E £
S 5
& 50 & 50
% 500 1000 1500 2000 2500 3000 % 500 1000 1500 2000 2500 3000
Time (Day) Time (Day)

Figure 5. Observed and forecasted discharge by GEP
model at one-day lead time for validating data
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Figure 7. Observed and forecasted discharge by GEP
model at three-day lead time for validating data
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Figure 6. Observed and forecasted discharge by GEP at
two-day lead time for validating data
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Figure 8. Observed and forecasted discharge by GEP at
six-day lead time for validating data
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Figure 9. Observed and forecasted discharge
by WGEP at one-day lead time for validating data
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Figure 10. Observed and forecasted discharge
by WGEP at two-day lead time for validating data
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Figure 11. Observed and forecasted discharge
by WGEP at three-day lead time for validating data
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Figure 12. Observed and forecasted discharge
by GEP at six-day lead time for validating data
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Figure 13. Performance and error indices of
WGEP model for various decomposition levels
at one-day lead time (db7)
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Figure 14. Performance and error indices
of WGEP model for various decomposition levels
at three-day lead time (db7)
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Figure 15. Performance and error indices of
WGEP model for various decomposition levels
at one-day lead time (haar)
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Figure 16. Performance and error indices of
WGEP model for various decomposition levels
at three-day lead time (haar)
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