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Abstract: In view of the increasingly complex economic environment and the rising 

demand for fiscal management, as an important tool for the country to implement 

macroeconomic regulation and formulate fiscal policies, tax revenue forecasting, its 

accuracy and stability are of great significance to fiscal management. Traditional statistical 

methods have certain deficiencies in modeling and data adaptability, and a single model is 

difficult to deal with the nonlinearity, volatility and uncertainty of tax data. This paper is 

based on the concept of integrating intelligent algorithms and statistical learning, and builds 

a tax revenue forecasting framework based on a combination model. It uses integrated time 

series models (such as ARIMA), machine learning algorithms (such as XGBoost ) and 

intelligent optimization techniques (such as genetic algorithms) to achieve the mutual 

complementation of multiple model advantages and improve prediction accuracy and 

robust performance. The experiment is based on many years of tax data from a certain 

region in China. From multiple evaluation indicators, the model is better than the traditional 

method, which verifies the effectiveness and feasibility of the method. The research 

expands the technical path of tax forecasting in the scope of methodology and also presents 

a data-driven decision support magic weapon for fiscal management departments. 

1. Introduction 

1.1. Research background and practical significance 

As the main component of national fiscal revenue, scientific forecasting is directly related to the 

efficiency of fiscal budget preparation and execution, and also affects the implementation and 

adjustment of macroeconomic policies. In the current situation of rising global economic 
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uncertainty and rapid industrial structure transformation, governments at all levels have set higher 

requirements for reasonable expectations of fiscal revenue. Many factors affect tax revenue, such as 

the cyclical changes in the macro economy, the development of the industry, policy changes, and 

the reform of the tax system. Its changes are both cyclical and seasonal, and also show strong 

nonlinear and fluctuating properties. Given that traditional forecasting methods are difficult to 

achieve the requirements of refined fiscal management, building a more scientific, intelligent, stable 

and reliable tax revenue forecasting model has become a key issue that needs to be urgently 

addressed in the fields of government management and economic research. 

1.2. Overview of current research status at home and abroad 

According to existing research results, as far as existing research is concerned, tax revenue 

forecasting methods have generally evolved from empirical judgment methods, single-variable 

statistical models (such as linear regression, moving average, ARIMA, etc.) to multivariable 

econometric models (such as vector autoregression VAR, error correction model ECM, etc.). 

International organizations such as the OECD have long established tax forecasting systems based 

on macroeconomic indicators, just as the U.S. Congressional Budget Office (CBO) uses a joint 

structural econometric model and manual adjustment methods to implement rolling forecasts of tax 

revenue. Against the background of the rapid development of artificial intelligence technology, 

machine learning, neural networks, support vector regression (SVR) and other methods have been 

widely introduced into the field of economic forecasting. For example, the German Ministry of 

Finance has tried to apply random forests to value-added tax forecasting and has achieved good 

results. Domestic research has shown relative lag, and most of them are concentrated on the 

application of single models based on ARIMA, gray prediction models, BP neural networks and 

other approaches. However, they still face challenges in prediction accuracy and model stability, 

especially when dealing with nonlinear and sudden tax data. There are significant deficiencies. 

There is an increasing amount of research on combined forecasting models in the literature, but 

most of them remain at the level of simple linear weighted fusion, lacking a systematic model 

fusion strategy and algorithm support. 

1.3. Research objectives and innovations of this paper 

This paper hopes to build a combined model that integrates intelligent algorithms and statistical 

learning to enhance the accuracy and stability of tax revenue forecasting, integrate traditional 

statistical models (such as ARIMA) with modern machine learning methods (such as XGBoost , 

SVR, etc.), and then introduce intelligent optimization algorithms (such as genetic algorithms and 

particle swarm optimization) to select model weights and parameters, in order to address the 

difficulties of existing methods in terms of single modeling capabilities, incomplete feature learning, 

and poor model stability. The innovative highlights of this study are as follows: a combined model 

forecasting system integrating multiple learning mechanisms is proposed to achieve nonlinear 

feature identification and multi-source data integration; an intelligent algorithm is used to optimally 

combine multiple models to improve the model's adaptive ability; an empirical review system based 

on historical tax data of typical provinces in China is created, and while providing decision-making 

assistance tools for the financial department, the marginal boundaries of the application of 

combined forecasting in the financial field are expanded. 
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2. Problem Statement 

2.1. Complexity and challenges of tax revenue forecasting 

Tax revenue forecasting is extremely complex. The root cause is that the data has multiple 

dependencies and environmental changes are uncontrollable. Tax revenue essentially reflects the 

state of economic operation in a comprehensive manner. It is jointly involved by multiple macro 

and micro variables such as GDP growth rate, residents' consumption level, import and export trade 

volume, and corporate profits. As for a certain province in China, the province realized tax revenue 

of 876.3 billion yuan in 2021, an increase of 11.2% compared with the same period last year. 

However, the GDP growth rate in the same period was only 8.1%, showing a decoupling of tax 

growth and economic growth. Behind this may be non-linear factors such as policy-based tax cuts, 

strengthened tax collection and management measures, and structural transformation. There are 

cross-effects among the tax structures. For example, value-added tax and corporate income tax may 

be impacted at the same time when the industry cycle fluctuates, making the forecasting more 

difficult. Sudden events such as the COVID-19 epidemic and policy disturbances such as large-

scale tax cuts and fee reductions often make the forecasting model invalid, which is manifested as a 

significant increase in the residual variance. The establishment of a tax revenue forecasting model 

that can fit the nonlinear, non-stationary, and multi-source driven characteristics has become a core 

issue in dealing with fiscal management uncertainties. 

2.2. Analysis of limitations of existing single prediction models 

Even though traditional statistical methods such as ARIMA and exponential smoothing have a 

certain application foundation in tax forecasting, these methods are generally based on linear 

assumptions and the conditions of time series stability, and it is difficult to capture the complex 

dynamic changes in the data. Taking ARIMA as an example, the model has high requirements for 

data stability, but actual tax data is often accompanied by seasonal fluctuations and mutations, 

causing the model fitting error to continue to increase. Even though machine learning models such 

as SVR and neural networks have strong nonlinear modeling capabilities, they are plagued by 

overfitting risks and model opacity, and are heavily dependent on the quality level of input features. 

Most research modeling uses only a single model and lacks the exploration of the complementary 

advantages of different models, resulting in low stability of the forecast results. Especially when 

rolling forecasts across years, the fluctuation of accuracy is very obvious. It is urgent to make 

breakthroughs in the model structure level and explore the integrated efficiency of the combined 

model to form a more robust and scalable forecasting model. 

2.3. The necessity of combining intelligent algorithms with statistical learning 

Statistical learning focuses on the rationality of parameter estimation and data generation 

mechanisms in the modeling process, while intelligent algorithms emphasize global search and non-

parametric modeling capabilities. In theoretical logic and engineering implementation, the two 

complement each other. In the work related to tax revenue forecasting, regression analysis and 

ARIMA in statistical learning methods can effectively depict the static correlation between 

economic indicators and can handle certain obstacles in model selection and parameter optimization. 

Intelligent algorithms such as genetic algorithms and ant colony optimization have adaptive search 

capabilities and can quickly converge to a near-optimal solution in a complex model space. The 

organic combination of the two can not only rely on the advantages of statistical learning 
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interpretability, but also enhance the efficiency and stability of model optimization with the help of 

intelligent algorithms. In the weight allocation process of the combined model, the genetic 

algorithm is introduced to optimize the mean weighting strategy. Compared with the fixed weight 

fusion method, the mean absolute percentage error (MAPE) can be reduced by 12.6%, which 

enables statistical learning and intelligent algorithms to achieve integration, reflecting innovation at 

the theoretical level, and is also a technical path to improve the quality of tax forecasting. 

3. Problem Analysis 

3.1. Nonlinear characteristics of tax revenue time series 

In terms of the time dimension, tax revenue data exhibits significant nonlinear characteristics, 

which is specifically reflected in the complex pattern of trend changes, cyclical fluctuations and 

sudden changes. Taking the quarterly value-added tax revenue of a province in eastern China from 

2010 to 2022 as an example, studying its time series shows that the total amount of revenue is on an 

upward trend as a whole, but external conditions such as the implementation of the "business tax to 

value-added tax" policy in 2015 and the impact of the epidemic in 2020 have caused the tax curve 

to have a significant inflection point, highlighting the sensitivity to policies and nonlinear response 

to sudden interference. There are typical seasonal fluctuations between quarters. Due to the Spring 

Festival, economic activities slowed down in the first quarter and income was relatively low. In the 

fourth quarter, companies rushed to achieve performance, which often resulted in concentrated tax 

revenue. An ADF test was conducted on the data series. The results showed that the original series 

was not stationary. After the first-order difference was completed, the residual still showed 

autocorrelation, further indicating that it exhibited nonlinear and non-stationary characteristics. In 

the current context, traditional linear models cannot be effectively used for modeling. It is necessary 

to introduce machine learning methods or deep learning models with nonlinear approximation 

capabilities to more accurately grasp the inherent structure of the data. 

3.2. Prediction models are impacted by uncertain factors 

The interference of multiple uncertain factors on tax revenue forecast is inevitable, including 

policy fluctuations, changes in the external economic environment, transformation and upgrading of 

industrial structure, and corporate behavior patterns. Taking China's manufacturing industry from 

2018 to 2021 as an example, the volatility of its tax base has increased significantly due to the dual 

impact of supply-side structural reform and Sino-US trade frictions, causing the tax forecast error of 

the manufacturing industry to increase by 7.3% year-on-year. In some years, policy tax cuts such as 

tax exemptions for small and micro enterprises and "six taxes and two fees" are usually not captured 

by the model in time, resulting in systematic forecast errors. During the long-term rolling forecast, 

the model often faces the troubles of changes in input variable weights, data delays, structural 

mutations, etc., resulting in continuous deviations between actual values and predicted values. For 

this type of uncertainty, traditional models generally use increased residual tolerance to deal with it, 

but this also reduces the accuracy of the model. The introduction of intelligent algorithms can 

enhance the adaptive ability of the model and change the forecast mechanism in real time, thereby 

suppressing the error diffusion caused by the above interference factors to a certain extent. 
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Table 1: Tax Forecast Deviation in Stable vs. Shock Periods 

Period Type Avg Forecast Error 

(MAPE, %) 

Forecast Bias 

(Billion CNY) 

Error Deviation vs. 

Normal (%) 

Normal Period 2.7 3.2 — 

Policy Cut Period 4.5 -8.7 66.70% 

Pandemic Period 5.2 -11.4 92.60% 

 Table 1reveals that external shocks like policy changes or pandemics nearly double forecast 

errors. The bias shifts from slight overestimation in normal periods to significant underestimation 

during shocks, emphasizing the need for adaptive models capable of handling uncertainty. 

3. 3. Theoretical support for improving prediction robustness through multi-model fusion 

The robustness and accuracy of the forecasting system can be effectively improved by means of 

multi-model fusion. The core idea is to build a unified integration architecture by means of the 

complementary advantages of different models in data processing characteristics, so as to achieve 

more stable output results when dealing with complex data environments. According to theoretical 

logic, the combined forecasting model can be regarded as the integrated result of multiple base 

learners in different spatial mappings, and the error can be effectively converged by means of the 

weighted average mechanism. After Breiman (1996) proposed the Bagging method, the subsequent 

Boosting mechanism provided theoretical support for the combined model. In terms of tax 

forecasting, ARIMA is very good at linear trend modeling, SVR is suitable for dealing with 

medium-sized nonlinear relationships, and XGBoost is more sensitive to high-dimensional 

structural changes. The implementation of the integration of these three types of models can 

effectively alleviate the performance disadvantages of a single model at different stages. Practical 

data show that once a multi-model combination is adopted, the MAPE drops by an average of 14.8 

percentage points, and the fluctuation of RMSE decreases by 22%, reflecting that the fusion 

mechanism can greatly enhance the overall robustness and anti-interference ability of the 

forecasting system, and has key theoretical and practical significance. 

4. Model construction and solution strategy 

4.1. Implement the design of the combined prediction model framework: realize the 

integration of statistical learning and intelligent algorithms 

When faced with complex and ever-changing tax revenue data, a single forecasting model is 

often difficult to achieve high-precision prediction due to the limitation of modeling capabilities. 

This paper builds a multi-level combined forecasting system, integrating statistical learning 

methods (such as ARIMA, OLS regression, etc.), nonlinear machine learning methods (such as 

XGBoost , SVR) and intelligent optimization algorithms (taking genetic algorithm GA as an 

example) to achieve complementary advantages between various models. The basic layer sets the 

parallel modeling of multiple heterogeneous forecasting models as modules, and grasps the 

interactive influence of linear trends, nonlinear fluctuations and high-dimensional features in the 

data respectively; the middle layer introduces intelligent algorithms as a mechanism for model 

fusion, and uses genetic algorithms to perform weighted optimization on the forecast results output 

by each basic model, dynamically adjust the model weights, and control the overall forecast error to 

the minimum; the top layer can be regarded as the layer of result output and error correction, and 

the final output forecast value is adjusted through residual analysis. Taking the quarterly tax data of 
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a province in East China from 2020 to 2023 as an example, the three types of models, ARIMA, 

SVR, and XGBoost , are introduced into the framework as the base model construction. The 

weights are optimized by genetic algorithm to obtain the final prediction output. In the in-sample 

fitting, the R² of the combined model reached 0.963, which is about 6.4 percentage points higher 

than that of the single XGBoost model, indicating that the fusion strategy is effective in enhancing 

the stability and generalization ability of the model. 

4.2. XGBoost in multi-stage fusion 

The model training steps are constructed in stages. At first, each base model is trained and 

parameterized independently. To ensure the best performance in each modeling dimension, the AIC 

criterion is used. The ARIMA model selects the optimal order. The XGBoost model optimizes the 

parameters such as max_depth and eta based on five-fold cross validation . Finally, its max_depth is 

set to 6, eta is selected to 0.05, and nrounds is finally set to 500. The training error converges 

significantly faster. This paper introduces the genetic algorithm as an optimization tool for the 

weight distribution of the combined model. The initial population of the genetic algorithm is set to 

100, and 500 generations are used as the number of iterations. The fitness function uses the MAPE 

of the prediction result as the core reference for evaluation. The crossover rate is set to 0.9 and the 

mutation rate is 0.05, so as to take into account both the global search efficiency and the local 

convergence rate. Relying on repeated iterative evolution, we finally found the optimal weight 

combination example (such as ARIMA: 0.22, SVR: 0.31, extreme gradient boosting ensemble 

method: at the 0.47 level), integrated the outputs of each model to obtain the final forecast value, 

and in the 2021 quarterly data extrapolation test stage, the MAPE value of the combined model was 

only 2.84%, but the data of any single model reached more than 3.5%, reflecting the significant 

adaptability of the fusion strategy in dealing with the heterogeneity and dynamics of tax data. 

4.3. Performance evaluation system construction: introduction of multi-dimensional 

evaluation indicators and error analysis 

In order to comprehensively evaluate the effectiveness and robustness of the constructed 

combined model, this paper constructs a multi-dimensional evaluation index framework, including 

accuracy indicators. Experimental data show that in the rolling forecast test for quarterly tax 

revenue from 2020 to 2023, the MAPE of the combined model is stable in the fluctuation range of 

2.3% to 3.0%. In contrast, the fluctuations in the single model forecast are significantly larger, with 

ARIMA reaching as high as 4.8%. The skewness and kurtosis tests of the residuals were carried out, 

and the residuals of the combined model were closer to the normal distribution (Skewness≈0.12, 

Kurtosis was close to 3.01, indicating that the error structure of the model was more reasonable and 

well controlled. The efficiency of the model was evaluated by the Theil U index, and the U value of 

the combined model was 0.184, which was lower than that of all participating base models, further 

indicating that the relative prediction efficiency of the fusion model was verified. In order to further 

enhance the interpretability of the model, this paper used the Shapley value to analyze the ranking 

of important variables affecting prediction in XGBoost , confirming that GDP, industrial value-

added tax, total retail sales of consumer goods and fixed asset investment are the top four driving 

forces to explain tax fluctuations, providing a modeling reference with explanatory effect for fiscal 

management departments. 
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Table 2. Prediction Performance Comparison of Single vs. Combined Models 

Model 

Type 

MAPE 

(%) 

RMSE 

(Billion 

CNY) 

R² Theil’
s U 

ARIMA 4.8 51.2 0.873 0.271 

SVR 3.9 42.6 0.892 0.223 

XGBoost 3.5 38.4 0.899 0.197 

Combined 

Model 

2.84 29.7 0.963 0.184 

Table 2 demonstrates that the combined model significantly outperforms all single models in 

prediction accuracy and robustness. With the lowest MAPE and RMSE, and highest R², it confirms 

the value of hybrid approaches in capturing tax data complexity and reducing forecasting errors. 

5. Conclusion and Outlook 

5.1. Summary of research results and analysis of policy significance 

In view of the nonlinear structure, uncertainty interference and poor adaptability of a single 

model during the tax revenue forecast period, this paper proposes and empirically verifies a 

combined forecasting model that integrates intelligent algorithms and statistical learning. The study 

establishes a system based on ARIMA, SVR and XGBoost models, and uses genetic algorithms as 

an integrated forecasting system for optimization, which overcomes the weakness of traditional 

methods in modeling complex data. In the empirical analysis dimension, experiments using 

quarterly tax data from a province in eastern China show that the constructed model is superior to 

traditional models in many indicators such as MAPE and RMSE, and at the same time shows 

stronger error stability and adaptability. This achievement has key application value in fiscal policy 

formulation and tax planning, and can provide more scientific forecasting guarantees for 

governments at all levels in budget formulation, tax source control and macroeconomic regulation. 

The model structure shows excellent general and scalable performance, providing theoretical and 

methodological conditions for its future expansion and application to other regions, various tax 

types and even the overall budget forecast. 

5.2. Discussion on the application boundary of the model and the feasibility of actual 

deployment 

Even though the fusion model constructed in this paper has high adaptability and accuracy in the 

technical field, its actual application is still constrained by certain boundary conditions. Data quality 

and time update frequency are highly correlated with model effects. At present, some regions have 

not realized the high-frequency processing mode of tax data, and there are many obstacles to 

updating model parameters in real time. In the optimization process of intelligent algorithms, it 

relies heavily on computing resources. For example, GA training takes more than 3 hours in a 

general PC environment. If it is deployed in a fiscal practice system, it must rely on a high-

performance computing platform for support. The level of model interpretability needs to be 

improved, especially in the structural state where deep learning is involved. An interpretable 

mechanism should be further constructed to help financial personnel understand the model output 

logic. In order to enhance the feasibility of deployment, it is recommended to adopt the three-stage 

process of "prediction-evaluation-correction" when it is actually put into use, and use the 
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collaborative mechanism of manual intervention and intelligent decision-making to achieve 

dynamic update and local adaptation of the model, and further enhance its practical significance. 

5.3. Future research directions: Promoting heterogeneous data fusion and extending model 

interpretability 

Subsequent research can be expanded from the following two aspects: introducing more 

abundant heterogeneous data sources, such as policy texts, relevant data on corporate tax returns, 

macroeconomic expectation indexes, etc., combining natural language processing technology with 

deep feature extraction methods, and achieving integrated fusion modeling of structured and 

unstructured data, and enhancing the model's sensitivity to future trends and policy effects; second, 

promoting model interpretability and visualization design, especially in the context of integrating 

machine learning and deep neural network related technologies, introducing Shapley values, LIME 

or Attention mechanisms, so that model results can provide policymakers with clearer and more 

transparent reference explanations, enhance the trust support and practical implementation 

capabilities of the prediction system, and consider building a multi-granularity prediction pattern at 

the tax type level, extending the decision support function of the combined model in local finance, 

tax collection and management, tax type optimization and allocation, etc., to help intelligent 

prediction technology be deeply integrated into public financial management. 
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