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Abstract

Tax revenues are among the most significant sources of government income,
comprising a substantial portion of the government budget. These revenues
are essential for funding public services, implementing infrastructure
projects, and covering administrative and operational expenses. Accurate
tax revenue forecasting is a critical tool for economic planning and decision-
making. Reliable forecasts enable governments to plan budgets effectively,
formulate optimal tax policies, and enhance economic management by
reducing uncertainties. This study uses monthly tax revenue data from
West Azerbaijan Province spanning April 2005 to June 2024 to forecast
tax revenues using machine learning algorithms, including Random Forest,
Support Vector Regression, Lasso Regression, Deep Learning, and the State
Space Model. The findings indicate that among the evaluated algorithms—
Random Forest, Support Vector Regression, Lasso Regression, and Deep
Learning—the Deep Learning model achieves the highest accuracy in both
in-sample and out-of-sample forecasts based on RMSE (Root Mean Square
Error) and MAPE (Mean Absolute Percentage Error) metrics. However, the
State Space Model emerges as a robust tool for modeling and forecasting
financial and economic variables, particularly those exhibiting seasonal,
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monthly, or daily patterns. Its ability to capture unobservable components,
irregularities, and dynamic trends provides a notable advantage in analyzing
complex economic data. A comparative analysis of the State Space Model as
a robust econometric approach and Deep Learning as a cutting-edge machine
learning method demonstrates that the State Space Model outperforms Deep
Learning in forecasting tax revenues for West Azerbaijan Province.

Introduction

Tax revenues play a pivotal role in the fiscal management of governments,
providing essential funding for public services, infrastructure development,
and economic stabilization. Accurate forecasting of tax revenues is crucial for
ensuring effective budgeting and minimizing the risks associated with fiscal
deficits or inefficient resource allocation. However, given the inherently
dynamic and non-linear nature of economic systems—especially at the regional
level—traditional econometric models often fall short in capturing complex
patterns of revenue fluctuation.

In recent years, the rapid advancement of artificial intelligence and machine
learning techniques has opened new frontiers in economic forecasting.
Particularly, deep learning and hybrid machine learning approaches have shown
promising potential in improving predictive accuracy by modeling non-linear,
non-stationary, and irregular data behaviors. While deep learning algorithms
such as neural networks and fuzzy logic systems can effectively capture hidden
relationships in financial datasets, structural time-series models like state-space
frameworks remain powerful in accounting for unobserved components such as
trends, cycles, and seasonal variations.

This study investigates the comparative performance of several artificial
intelligence-based machine learning algorithms—including Random Forest,
Support Vector Regression, LASSO regression, and fuzzy-based deep
learning—alongside the traditional state-space model in forecasting monthly
tax revenues for West Azerbaijan Province from 2005 to 2024. The objective is
to assess not only the in-sample forecasting accuracy but also the robustness of
each model in out-of-sample prediction scenarios, particularly in the context of
economic policy shifts and irregular revenue shocks. By doing so, the research
aims to offer data-driven insights into the applicability of modern Al techniques
in regional fiscal planning and contribute to the optimization of public finance
strategies in developing economies.

Methods and Material

This study applies a comparative modeling approach to forecast tax revenues in
West Azerbaijan Province using a monthly dataset spanning from April 2005
to June 2024. The methodology integrates traditional econometric models with
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multiple machine learning algorithms to assess their effectiveness in both in-
sample and out-of-sample forecasting. West Azerbaijan Province using a monthly
dataset spanning from April 2005 to June 2024. The methodology integrates
traditional econometric models with multiple machine learning algorithms to
assess their effectiveness in both in-sample and out-of-sample forecasting.

Data Collection and Preprocessing

TThe dataset comprises monthly tax revenue data collected from official
provincial records, encompassing 231 observations. It includes diverse economic
phases, policy shifts, and structural changes in tax administration. To ensure
data quality, missing observations were addressed, and normality of distribution
was tested using the Jarque-Bera statistic, which indicated non-normality. Given
this, machine learning models that do not require distributional assumptions
were favored. The data was also normalized prior to model training to enhance
convergence and mitigate scale-related distortions.

Model Selection and Development
Five predictive models were implemented for performance comparison:

1. Random Forest (RF): A robust ensemble learning method that constructs
multiple decision trees and aggregates their predictions to improve
accuracy and reduce overfitting.

2. Support Vector Regression (SVR): A supervised learning model that
utilizes kernel functions to handle non-linear relationships in time-series
data.

3. Standard Machine Learning with Lasso Regression: A linear
regression model enhanced with L1 regularization for feature selection
and simplification.

4. Deep Learning Model (DLM): A multi-layer neural network
incorporating fuzzy logic, designed for capturing non-linear, non-
stationary patterns in tax revenue trends.

5. State-Space Model: A structural time-series model capable of capturing
unobservable components such as trend, seasonality, and stochastic
volatility using Kalman filtering.

Each model was trained using in-sample data from April 2005 to September
2023. Forecasts for the period October 2023 to June 2024 were evaluated as
out-of-sample predictions.

Performance Evaluation Metrics
To evaluate the forecasting performance, two key error metrics were used:
¢ Root Mean Square Error (RMSE): Quantifies the standard deviation of
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prediction errors, giving more weight to larger deviations.

* Mean Absolute Percentage Error (MAPE): Measures the average
absolute percent deviation of forecasts from actual values, allowing
comparison across models and timeframes.

Computational Environment

All models were developed using R (for Random Forest, SVR, and Lasso) and
MATLAB (for Deep Learning). The Kalman filter-based state-space model was
implemented using specialized econometric packages (Ox-Metrics).

This methodology enables a robust evaluation of whether advanced Al-driven
models—especially deep learning architectures—can outperform traditional
methods in capturing complex dynamics in tax revenue data and respond
effectively to economic shifts and irregularities.

The empirical analysis conducted in this study compares the performance of five
forecasting models—Random Forest (RF), Support Vector Regression (SVR),
Lasso Regression, Deep Learning (DL), and the State Space Model (SSM)—in
predicting monthly tax revenues for West Azerbaijan Province. The results are
evaluated based on both in-sample (April 2005 to September 2023) and out-
of-sample (October 2023 to June 2024) forecasts using RMSE and MAPE as
performance metrics.

Results and Discussion

In-Sample Forecasting Results

Among the machine learning models, the Deep Learning algorithm exhibited
the best performance in in-sample forecasting with the lowest RMSE (150,245
million IRR) and MAPE (9.88%). This demonstrates the model’s capacity to
capture intricate patterns and nonlinearities in the time series. The standard
machine learning model using Lasso Regression closely followed, while
Random Forest and SVR recorded relatively higher prediction errors, with SVR
showing the weakest in-sample performance due to overfitting and sensitivity
to kernel parameters.

Table 1. In-Sample Prediction Accuracy of Different Models for Four

Machine Learning Models
Model RMSE (Million IRR) MAPE (%)
Random Forest 186,486 10.13%
Support Vector Regression 323,619 23.46%
Standard Machine Learning 171,245 9.90%
Deep Learning 150,245 8.88%

Source: Research findings.
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Out-of-Sample Forecasting Results

In the out-of-sample evaluation, the Deep Learning model maintained its
superiority among machine learning algorithms with an RMSE of 850,173
million IRR and a MAPE of 11.21%. This performance suggests that the model
generalizes well to unseen data, likely due to its multi-layer structure and use
of fuzzy inference to handle uncertainty. However, it was observed that certain
months, particularly March and June 2024, exhibited significant discrepancies
between predicted and actual values, reflecting the challenges posed by irregular
fiscal events or policy changes.

Table 2. Comparison of Out-of-Sample Forecasting Accuracy for Four Machine

Learning Models
Model RMSE (Million IRR) MAPE (%)
Random Forest 1,156,901 15.58%
Support Vector Regression 1,732,153 21.55%
Standard Machine Learning 1,197,739 15.64%
Deep Learning 850,173 11.21%

Source: Research findings.

Comparative Performance of State Space Model

Despite the promising performance of Deep Learning, the State Space Model
ultimately delivered the most accurate forecasts overall. It achieved lower
RMSE and MAPE values in out-of-sample predictions compared to all
machine learning models. The model’s structure, which explicitly accounts for
unobservable components such as trend, seasonality, and stochastic volatility,
provided it with a decisive advantage in modeling the underlying dynamics of
tax revenue data. Its adaptability through Kalman filtering allowed for real-time
adjustments in the presence of unexpected fluctuations, a feature that traditional
machine learning models often lack.

Discussion

These results underscore the importance of model selection based on the nature
of the economic data being analyzed. While Deep Learning offers substantial
flexibility and power in capturing non-linear relationships, its performance may
deteriorate in cases of structural breaks or limited data. The State Space Model,
by contrast, is particularly effective in financial time-series environments with
strong seasonal components and policy-driven shocks.

The comparative findings suggest that a hybrid approach—combining the
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feature extraction capabilities of deep learning with the structural strength of
econometric models—may yield optimal forecasting performance. This has
practical implications for policymakers seeking reliable tools for fiscal planning
and revenue management in volatile economic contexts.

Conclusion

Accurate forecasting of tax revenues is vital for effective fiscal policy
implementation and long-term economic planning. This study evaluated and
compared the performance of various machine learning algorithms—including
Random Forest, Support Vector Regression, Standard Machine Learning
(Lasso), Deep Learning, and the State Space Model—in predicting monthly tax
revenues in West Azerbaijan Province from April 2005 to June 2024.

The results indicate that among the machine learning models, the Deep
Learning algorithm achieved the highest accuracy in both in-sample and out-
of-sample forecasting, reflecting its ability to model complex, non-linear
patterns in financial time series. Nevertheless, the State Space Model ultimately
outperformed even the Deep Learning model in terms of predictive accuracy
during out-of-sample evaluation, particularly in handling irregular trends,
seasonal dynamics, and unobservable components such as structural breaks.
These findings suggest that while Al-driven methods offer significant
improvements in predictive performance, traditional econometric models like
the State Space framework remain powerful tools in economic forecasting—
especially when dealing with non-stationary or seasonally affected data. A
hybrid strategy that leverages the strengths of both approaches could offer a
more comprehensive and adaptable forecasting system.

For future research, integrating additional variables such as macroeconomic
indicators, policy reforms, and real-time transaction data may further enhance
model robustness. Moreover, the incorporation of advanced techniques like
ensemble deep learning, attention-based models, or reinforcement learning
could provide deeper insights and stronger predictive capabilities in complex
fiscal environments.

In conclusion, this study highlights the practical benefits of combining machine
learning and econometric modeling in tax revenue forecasting, providing
valuable guidance for policymakers and fiscal planners aiming to improve the
accuracy and reliability of revenue projections.

Keywords: West Azerbaijan Province, Artificial Intelligence (AI), Deep
Learning, Tax Revenue Forecasting.

JEL Classification: B23, K34, H2.
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