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Abstract
Forecasting macroeconomic and financial variables plays a vital role in guiding policymakers’
decisions. However, this task is particularly complex in developing economies such as Iran,
where numerous factors overlooked by conventional economic theories significantly influence
the economic landscape and outlook. As a result, economic relationships in these settings tend
to be more unstable and exhibit pronounced nonlinear patterns. In recent years, the integration
of wavelet transforms and artificial neural networks (ANNS) has gained attention as a powerful
approach for mathematical modeling. This hybrid method effectively denoises time series data,
thereby enhancing forecasting accuracy. The present study seeks to develop a predictive model
for Iran’s economic growth using this combined wavelet-ANN framework. The forecasting
performance of the hybrid model is further compared with that of a standalone ANN. Empirical
findings reveal a marked improvement in the predictive performance of the neural network when
applied to denoised data. Moreover, the results underscore the superior accuracy of the hybrid
model relative to traditional benchmark models such as XGBoost and ARIMA. Model
performance was evaluated using criteria including the root mean square error (RMSE) and
the Diebold—Mariano test.
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Introduction

Economic information serves as a cornerstone for policymaking; however, key macroeconomic
indicators such as GDP are typically released with considerable delays and are frequently subject to
revisions. These time lags significantly reduce their usefulness for capturing real-time economic
dynamics, underscoring the need for effective forecasting models.

Accurate GDP growth forecasting is essential for sound planning and policy formulation.
Nonetheless, in developing economies like Iran, this task is particularly challenging due to unstable
and nonlinear patterns driven by factors often omitted in mainstream economic frameworks. The
inherent unpredictability of such economies causes traditional forecasts to deviate substantially from
actual outcomes. This situation highlights the necessity of evaluating forecasting performance and
fuels the demand for more reliable and adaptive predictive models.

In the past two decades, computational intelligence techniques—especially Artificial Neural
Networks (ANNSs) and other non-parametric regression methods—have gained traction for their
strong ability to model complex economic time series. ANNS, inspired by the functioning of the
human brain, possess notable adaptability and flexibility. Nevertheless, they face certain limitations,
such as slow convergence rates and difficulties in handling non-stationary data without appropriate
preprocessing.

To overcome these issues, the present study introduces a hybrid Wavelet-Artificial Neural
Network (WANN) model for forecasting Iran’s economic growth over the period 1961-2022. The
proposed WANN framework integrates the strengths of wavelet transforms and ANNSs to effectively
capture the nonlinear and non-stationary features inherent in financial and economic time series.
Specifically, in this approach, the economic growth series is first decomposed using the Discrete
Daubechies Wavelet, and the resultant sub-series components are subsequently used as inputs to the
ANN for forecasting.

This research constitutes the first attempt to apply a WANN-based algorithm to predict Iran’s
economic growth. The study further aims to assess and compare the forecasting performance of the
hybrid WANN model against that of a conventional standalone ANN using raw, unprocessed data.

Methodology

The data for this study consists of time series representing Iran's economic indicators over a
specified period. The dependent variable, economic growth, is analyzed in conjunction with various
macroeconomic factors acting as independent variables. To enhance the quality of predictions, the
wavelet transform technique is employed as a preprocessing step. This method decomposes the time
series data into different frequency components, enabling the removal of noise while retaining
meaningful patterns essential for accurate forecasting.

Following the denoising process, the artificial neural network (ANN) model is applied. The ANN
is structured to identify and capture nonlinear relationships within the data, utilizing advanced
learning algorithms for optimal performance. The combined wavelet-ANN model is then
benchmarked against two widely used forecasting methods: ARIMA, a classical statistical model,
and XGBoost, a machine learning approach known for its predictive capabilities. To evaluate the
performance of these models, two key metrics are employed: Root Mean Square Error (RMSE) and
the Diebold-Mariano test. RMSE provides a quantitative measure of forecast accuracy, while the
Diebold-Mariano test assesses the statistical significance of differences in prediction errors between
competing models. These metrics ensure a thorough and unbiased comparison, highlighting the
strengths and limitations of each method.
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Results and Discussion

The study's findings demonstrate the superior performance of the hybrid wavelet-ANN model
compared to both XGBoost and ARIMA. The inclusion of the wavelet transform significantly
enhances the predictive power of the ANN by reducing noise and isolating relevant patterns within
the data. This improvement is particularly evident in the lower RMSE values achieved by the
combined model, indicating its effectiveness in capturing the complexities of Iran's economic
dynamics. Further analysis reveals that the wavelet-ANN model outperforms the traditional methods
not only in accuracy but also in robustness across various economic scenarios. The comparative
results, supported by detailed tables and graphs, highlight the consistency of the hybrid approach in
providing reliable forecasts.

Additionally, the Diebold-Mariano test confirms the statistical significance of the observed
differences, reinforcing the validity of the proposed method. The implications of these findings
extend beyond the scope of this study, suggesting that integrating wavelet transforms with machine
learning models can serve as a powerful tool for economic forecasting in developing economies. By
addressing the inherent challenges of instability and nonlinearity, this approach offers valuable
insights for policymakers and researchers seeking to navigate complex economic environments.

Conclusion

This research underscores the potential of the hybrid wavelet-ANN model as a superior
forecasting tool for Iran's economic growth. By leveraging the denoising capabilities of wavelet
transforms and the nonlinear analytical power of ANN, the combined approach achieves remarkable
improvements in prediction accuracy compared to traditional models like XGBoost and ARIMA.
The study highlights the practical applications of this method in aiding policymakers with more
precise and reliable economic forecasts. Future research could explore the application of similar
hybrid models in other developing economies, investigating their adaptability and effectiveness
across diverse economic contexts. The findings also pave the way for further refinement of
forecasting techniques, incorporating additional variables and methodologies to enhance predictive
accuracy and robustness.
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