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Table 1 Composition of indicator system for explanatory variables in new quality Productive Forces evaluation
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Based on the findings, this study offers
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Abstract: This study takes new quality productive forces as the core entry point, focusing on the field of transportation
infrastructure operation—a sector with high carbon emissions. Its primary objective is to explore the driving mechanism through
which new quality productive forces promote carbon lock-out in the operation of transportation infrastructure. By clarifying the
internal logical relationship between new quality productive forces and the low-carbon transformation of transportation
infrastructure operation, this study aims to provide theoretical support for breaking the high-Carbon Lock-In of this sector,
thereby aligning with China's "Dual Carbon" goals (peak carbon dioxide emissions and carbon neutrality) and the requirements
of high-quality development.

To achieve the aforementioned research objectives, an integrated econometric analysis framework is adopted, combining three
models: the fixed effects model, the mediating effect model, and the threshold effect model. The empirical research is conducted
based on panel data covering three provinces (Jiangsu, Zhejiang, Anhui) and one municipality (Shanghai) in the Yangtze River
Delta region, with a time span from 2013 to 2022. This regional scope is selected due to the Yangtze River Delta's advanced
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economic development, mature transportation infrastructure system, and early practice in low-carbon development, which ensures
the representativeness and reliability of the research sample.

The empirical results of this study reveal three key findings: First, new quality productive forces exert a significant positive
driving effect on Carbon Lock-Out in the operation of transportation infrastructure, indicating that the development of new
quality productive forces can effectively promote the reduction of carbon emissions in this sector. Second, new quality
productive forces facilitate Carbon Lock-Out by advancing the research and development (R&D) and application of green
technologies, where green technological innovation serves as a critical intermediary channel linking new quality productive
forces to carbon lock-out. Third, low-carbon patents exhibit a single threshold characteristic: when the development level of low-
carbon patents is below the threshold, the driving effect of new quality productive forces on Carbon Lock-Out is relatively weak;
once the threshold is crossed, the driving effect of new quality productive forces shows a marginal increasing trend.

This study makes two main contributions. Theoretically, it constructs a systematic analytical framework of "driving force-
intermediary path-threshold condition", which comprehensively reveals the multi-dimensional influence mechanism of new
quality productive forces on carbon lock-out in transportation infrastructure operation and fills the theoretical gap in the research
on the connection between new quality productive forces and low-carbon operation of infrastructure. Practically, it puts forward
targeted policy suggestions for long-term planning: first, focus on the development of new quality productive forces to enhance
the core driving force for carbon lock-out; second, strengthen industry-university-research cooperation in green technologies to
smooth the intermediary transmission path; third, promote the dissemination of low-carbon patent technologies to give full play
to the threshold role of low-carbon innovation and sustain the driving effect of new quality productive forces on carbon lock-out.

Keywords: new quality productive; transportation infrastructure; carbon lock-out; fixed effects; mediating effect; threshold effect



