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Digital Infrastructure and Corporate Pollution Reduction: Theoretical Analysis and

Empirical Evidence

Dong Xuebing"® Liang Benbo® Zhang Yunda’
(1. Institute for National Strategy and Regional Development, Zhejiang University,
Hangzhou 310058, P. R. China;
2. School of Economics, Zhejiang University, Hangzhou 310058, P. R. China;
3. Innovation Center of Yangtze River Delta, Zhejiang University,
Jiaxing 314102, P. R. China)

Abstract: Digital infrastructure has emerged as a critical institutional and technological foundation for
reconciling industrial development with environmental governance. In China, where industrial firms
remain significant contributors to local pollution, the proliferation of broadband networks, data
centers, and advanced digital technologies—such as cloud computing and artificial intelligence—has
the potential to reshape corporate production decisions by altering factor allocation, information
transmission, and innovation incentives. This study systematically investigates whether and how
urban-level digital infrastructure mitigates firm-level pollution emissions. On the theoretical front,
we develop a two-sector endogenous growth model that integrates digital infrastructure,
heterogeneous production factors, and pollution emissions into a unified analytical framework.
Departing from conventional models that treat pollution merely as an external byproduct of
production, we endogenize the negative externality of pollution within the household utility function
and emphasize the substitutability between digital and traditional production factors. The model
demonstrates that improvements in digital infrastructure raise the share of digital inputs in
production, thereby lowering pollution intensity per unit of output and accelerating the diffusion of

digital technologies across industries. On the empirical {front, we draw on a comprehensive dataset
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that matches the Chinese Industrial Enterprise Database with firm-level pollution data spanning 2006
to 2014, and construct a multidimensional city-level digital infrastructure index. Baseline
estimations reveal that digital infrastructure significantly reduces firms’ sulfur dioxide emission
intensity. This core finding proves highly robust across alternative pollution measures, winsorization
procedures, and instrumental variable (IV) estimations. Our IV strategy employs the interaction
between city-level terrain ruggedness and the lagged national number of broadband users, exploiting
the exogeneity of topographical conditions that constrain infrastructure deployment costs yet remain
entirely independent of firm-level pollution dynamics. Mechanism analyses identify four primary
channels through which this effect operates: (1) fostering technological progress, as evidenced by
increased invention patent and total patent outputs; (2) optimizing cost structures by reducing both
internal management costs and external financing costs, thereby freeing capital for cleaner production
investments; (3) accelerating inter-firm knowledge spillovers by lowering information search and
transmission frictions; and (4) dismantling market segmentation and administrative barriers, which
facilitates the efficient cross-regional allocation of goods, technologies, and production factors.
Heterogeneity analyses further substantiate these mechanisms. The pollution-reducing effect is
particularly pronounced for firms located near inter-provincial borders and in regions with high dialect
fragmentation—areas typically characterized by severe market segmentation and communication
frictions. The effect is also stronger in higher-ranked cities and resource-based cities, where the
environmental gains from correcting factor misallocation and breaking “energy lock-in” are greater.
Moreover, higher local education subsidies and more stringent environmental regulations amplify
these environmental gains by elevating human capital and intensifying incentives for precision
pollution control. These findings suggest that digital infrastructure transcends its role as a mere
technological catalyst for economic growth, serving instead as a vital governance instrument for
green transformation. Accordingly, policymakers should prioritize digital infrastructure deployment,
deepen corporate digital transformation, and dismantle local protectionism. Fostering synergies
among educational investment, environmental regulation, and industrial upgrading will ultimately
cultivate the “new quality productive forces” necessary for high-quality, sustainable economic
development.

Keywords: Digital infrastructure; Pollution Reduction; Market segmentation; Knowledge spillover;

Cost optimization
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