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Abstract

To address the shortcomings of existing hybrid models combining intelligent optimization algo-
rithms with support vector machines (SVMs), such as insufficient global optimization capability and
slow convergence speed, this paper proposes an imperial competitive algorithm (ICA)-optimized
SVM model (ICA-SVM). Considering the random volatility of meta-heuristic algorithms, 30 inde-
pendent repeated experiments are carried out for ICA-SVM and PSO-SVM, and the mean values and
standard deviations of R2, MAPE and RMSE are reported. The Wilcoxon signed-rank test is intro-
duced for non-parametric significance test. Leave-one-out cross-validation (LOOCV) is adopted for
model evaluation with quantitative outputs to reduce evaluation bias under small-sample con-
ditions. The proposed ICA-SVM model utilizes ICA to optimize the penalty factor and kernel function
parameters of the SVM, thereby enhancing its global search ability and convergence speed. To vali-
date the performance of ICA-SVV, its optimization capability was compared with that of a Particle
Swarm Optimization-optimized SVM (PSO-SVM) using benchmark test functions. The comparative
analysis demonstrates that ICA-SVM outperforms PSO-SVM in both convergence precision and con-
vergence speed. The model is applied to predict the per capita disposable income of urban residents
in Tianjin City. Six core indicators highly correlated with urban residents’ per capita disposable in-
come—including per capita GDP, industrial structure, and fixed asset investment—are selected to
construct the prediction model. SHAP model-agnostic explanation tool is introduced to quantify the
contribution degree of each input feature to the prediction results and mine the key driving factors.
Results demonstrate that the ICA-SVM significantly outperforms traditional parameter optimiza-
tion methods, indicating its strong rationality. Furthermore, the model exhibits excellent generali-
zation capability when applied to predict outcomes in other cities. Comparative analysis reveals
higher prediction accuracy in ICA-SVM versus conventional SVM. Additionally, the model is extended
to predict disposable efficiency across industries, revealing that the efficiency of engineering and
technical industries surpasses that of management industries. This finding provides effective data
support for policy formulation.
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Figure 1. Convergence curves of PSO-SVM and ICA-SVM
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Figure 2. Fitness curve of per capita disposable income of urban residents in Tianjin
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Figure 3. Prediction results of per capita disposable income of urban residents in Tianjin
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Figure 4. Per capita disposable income and consumption expenditure of urban residents in Tianjin
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Table 3. Prediction results of urban residents’ disposable income in Tianjin from 2025 to 2027
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Figure 5. Fitness curve of urban residents’ per capita disposable income in Nanjing
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Figure 6. Prediction results of urban residents’ per capita disposable income in Nanjing
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Table 4. Comparison of SVM and ICA-SVM prediction results for urban residents’ per capita disposable income in Tianjin
and Nanjing
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Table 5. Optimal parameters of support vector machines for each prediction problem
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Figure 7. Prediction results of disposable efficiency in engineering and technology industry of Tianjin
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Figure 8. Prediction results of disposable efficiency in management industry of Tianjin

8. RBMEIRIT AT T ECHBEFUNILE

KA TREBORN A BN TR SCECRRE LIS 9, BBt &, TREEARAT AT SE iR pe 2 b
THads, ZRIPZATIAA D B RER W A NS, (HBEAESRINZAT A LS K
MIDTIRIG SR, AR P REARSE . BT LI P SCRCALRE Eh AR, BARES I A i lml T, (HAE AL RE
BUR, XERWVE ARSI LR BRI S o X EEPIAT ML AT SCRCRLRE A, TARRROARAT LRI 52
P R e A T ERAT, X AT RE A O TARESOARAT L 32 2 T e BOAAEL ™, 10 AT b T s B 2 S 40 A
FERGARRIPRR . REAF PP SCRCREA P 22 5%, (EEBAR PR A SR, R E AL 2 BEAL
il WOREGTHI R SR BENS BN AT M ICEe ST AL 2 Bl 0y, ST RS BRI SRR KT

0.6+

0.44

0.24

0.0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
—0— THIERAITIAIEMAE  —0— BRITATEHAE

Figure 9. Disposable efficiency of engineering and technology industry and management industry in Tianjin
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