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Measurement, Factor Exploration and Path Optimization of China’s

Green Innovation Efficiency

ZHANG Qiansheng, HUANG Jinbin, LIN Senfeng, ZHENG Canyao

(School of Mathematics and Statistics, Guangdong University of Foreign Studies, Guangzhou 510006, China)

Abstract: Using the sample data of 30 Chinese provinces from 2013 to 2023, green innovation efficiency across provinces was measured and its

key influencing factors were identified. Methodologically, the super-efficiency SBM-DEA model was employed to assess regional efficiency, the

CatBoost-SHAP model was incorporated to analyze nonlinear driving mechanisms, and the NSGA-II genetic algorithm was applied to solve a

multi-objective optimization model for national green innovation. The empirical results show that China’s green innovation efficiency has been

gradually increasing overall, yet significant regional disparities persist. The SHAP values indicate that industrial structure, population density

and energy intensity are key influencing factors, with industrial structure exerting the most pronounced inhibiting effect. The multi-objective

optimization reveals that rationally allocating resource weights across provinces can improve national green innovation efficiency by

approximately 11. 4% , while simultaneously achieving GDP growth and carbon emission reduction benefits, thereby offering an optimal

pathway for formulating regionally differentiated and synergistic innovation policies.

Keywords: green innovation efficiency; super-efficiency SBM-DEA; CatBoost; SHAP additive explanations; multi-objective optimization
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