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ARTICLE INFO ABSTRACT
Article type: The present study was conducted to evaluate the performance of artificial neural
Research Paper networks, support vector machine models, and their hybrid mode with the wavelet

model in predicting the discharge of the Aladyzga and Arbabkandy hydrometric
stations located in the Qara Su watershed. Considering the correlation index, the
discharge of two months ago and the discharge of one month ago were considered as
the input of the runoff model at the Arbabkandy and Aladyzga hydrometric stations,
respectively. The optimal state in the artificial neural network and hybrid wavelet-
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Revised: 29 July 2025 The results indicated that the agreement between the observed runoff and predicted

" runoff values was high when using the wavelet-artificial neural network combination
Accepted: 31 July 2025 and the wavelet-support vector machine combination compared to the cases of using

Published online: 05 August 2025!the conventional artificial neural network and support vector machine. Thus, at
Arbabkandy station, hybridizing the single model of the artificial neural network with
the wavelet model increased the R parameter from 0.44 to 0.91 and also reduced the RE
and RMSE parameters from 41% and 2.03 m® s to 23 % and 1.33 m? s'1, respectively.
The NSE and GMER indices in the wavelet-artificial neural network and wavelet-
support vector machine models had better acceptance in both stations than in the other

Keywords: models, so that in Arbabkandy station, the values of these indices in the wavelet-
Artificial neural network, Support iartificial neural network model were 0.78 and 0.94, respectively. After the hybrid
vector machine, Wavelet wavelet-artificial neural network model, which had the best fit and consistency with the
transform, Time delay observational data, the hybrid wavelet-support vector machine model had good

accuracy and efficiency compared to other models used in both stations
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EXTENDED ABSTRACT

Introduction: Accurate prediction of river discharge in watersheds with limited hydrological data represents a
significant challenge in contemporary water resources management. This comprehensive study systematically
evaluated and compared the predictive capabilities of four advanced computational models: Artificial Neural
Networks (ANN), Support Vector Machines (SVM), and their enhanced hybrid versions incorporating Wavelet
Transform (W-ANN and W-SVM). The research focused on monthly discharge forecasting at two strategically
important hydrometric stations - Aladyzga and Arbabkandy - located in the Qara Su watershed of northwestern
Iran. The primary objectives included: (1) developing autocorrelated prediction models using lagged discharge
inputs, (2) quantifying the performance improvement achieved through wavelet-based hybrid modeling
approaches, (3) conducting rigorous uncertainty analysis to assess model reliability, and (4) establishing
practical guidelines for model selection based on specific watershed characteristics and data availability
scenarios.

Methodology: This study employed a comprehensive methodology combining advanced computational
techniques with rigorous statistical validation. Monthly discharge data (1999-2023) from both stations
underwent quality control, including outlier removal and gap-filling. Optimal time lags were determined through
autocorrelation analysis (1-month for Aladyzga, 2-month for Arbabkandy). Four modeling approaches were
implemented: ANN, SVM, and their wavelet-enhanced versions (W-ANN, W-SVM) using Daubechies-4
wavelet decomposition. The modeling process followed a 70-15-15 data split (training-validation-testing) with
early stopping to prevent overfitting. Performance was evaluated using six metrics (R, RMSE, NSE, RE,
GMER, MAE) and a statistical test (t-test). Wavelet processing included signal decomposition, noise reduction,
and coefficient reconstruction. Uncertainty was quantified through Monte Carlo simulations (1000 iterations),
95% prediction uncertainty bands (95PPU), and d-factor analysis. All analyses were conducted in MATLAB
with standardized hardware for consistent comparisons.

Results and Discussion: The comprehensive analysis yielded several significant findings with important
theoretical and practical implications. The W-ANN hybrid model demonstrated exceptional performance at
Arbabkandy station, achieving remarkable accuracy metrics (R=0.91, NSE=0.78, RMSE=1.33 m? s!) that
represented a 107% improvement in correlation coefficient and a 34% reduction in root mean square error
compared to the standalone ANN model. At Aladyzga station, while absolute performance metrics were slightly
lower due to data limitations, the W-ANN still showed superior results (R=0.50, RMSE=0.15 m? s*) with
particularly strong performance in predicting peak flows during flood seasons. The wavelet-based models
consistently outperformed their conventional counterparts across all evaluation criteria, with average
improvements of 62% in R values, 48% in RMSE reduction, and 53% enhancement in NSE scores. Uncertainty
quantification revealed that the hybrid models exhibited substantially narrower 95% prediction uncertainty
bands (95PPU) and significantly lower d-factor values (0.15-0.20 versus 0.25-0.35 for standalone models),
indicating more reliable and stable predictions. The enhanced performance of wavelet hybrids was attributed to
their superior ability to: (1) decompose complex discharge signals into interpretable subcomponents, (2)
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effectively separate stochastic noise from deterministic patterns, and (3) capture multi-scale temporal
dependencies in hydrological processes. Comparative analysis of computational efficiency showed that while
hybrid models required 15-20% more training time, their prediction phase was equally fast, making them
practical for operational forecasting.

Conclusion: This study demonstrates that wavelet-based hybrid models, particularly W-ANN, significantly
improve discharge prediction accuracy in data-scarce watersheds. The models effectively address key
hydrological modeling challenges, including non-stationarity and noise in time series data. The W-ANN showed
superior performance at Arbabkandy station, while maintaining computational efficiency for operational use.
The finding that optimal model structures differ between stations (W-ANN performing best at Arbabkandy
while W-SVM showed competitive results at Aladyzga) underscores the importance of site-specific model
selection. These findings provide water managers with reliable tools for flood forecasting and drought
monitoring in poorly gauged watersheds. The results highlight the importance of site-specific model selection
and suggest wavelet hybrids as a robust alternative to complex physical models in data-limited environments.
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Figure 2- Comparison of current runoff with one to three month delay times at Arbabkandy hydrometric station
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Table 1- R, NSE, RE, GMER and RMSE statistical indices values of ANN and W-ANN models at Aladyzga station
Note: ANN: Artificial Neural Networks, W-ANN: Wavelet-Artificial Neural Networks
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Figure 4 - Comparison of observed and simulated runoff of Arbabkandy hydrometric station with a two-month
delay
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Figure 5- Comparison of observed and simulated runoff at the Aladyzga hydrometric station
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Table 3- Index values and statistical tests of the models used in Arbabkandy and Aladyzga stations

Method (le\glsle) GMER ('r\nAQ I_El) RE R NSE Mean Difference t Stat
ANN
LSOl 2.03 1.31 0.97 41 044 018 0.25 1.95%
“fjiﬂ” 0.18 1.41 0.17 44 0.36 0.12 -0.57 -2.26
mean 1.105 1.36 0.57 425 0.4 0.15 0.25
SVM
GASb| 211 1.47 1.24 48 042 019 0.77 -2.57
Afj-i;\ﬂ 0.20 1.51 0.16 51 0.22 0.05 -0.32 -2.22
mean 1.15 1.49 0.7 495 0.32 0.12 0.22
W-ANN
sLsob) 1.33 0.94 0.72 23 0.91 0.78 -0.08 0.23*
-@ﬁﬁT 0.15 1.08 0.15 24 0.50 0.45 0.01 0.023*
mean 0.74 1.01 0.435 235 0.705 0.62 -0.035
W- SVM
GaS bl 1.37 111 0.59 21 086 0.5 -0.04 0.08*
4§ﬂ>‘ﬂ 0.17 1.25 0.14 26 0.48 0.41 0.2 -0.25*
mean 0.77 1.18 0.365 235 0.67 0.53 0.08
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Figure 6- Calibration coefficients of W-ANN and W-SVM models of Arbabkandy hydrometric station
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Figure 7- Calibration coefficients of W-ANN and W-SVM models of Aladyzga hydrometric station
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Figure 8- RMSE and MAE error indices before and after applying calibration coefficients for Arbabkandy
hydrometric station
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Figure 9- RMSE and MAE error indices before and after applying calibration coefficients for the Aladyzga
hydrometric station
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Table 4- Results of uncertainty analysis of models used at Arbabkandy and Aladyzga stations
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