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Digital Intelligentization, Value Chain Trade and Global Production Networks
XIE Jie, LU Dong-zi, LIU Yan-ping, CHEN Fei-fei
(School of Economics, Zhejiang Gongshang University)

Abstract: Digital intelligentization (DI) technologies, including big data algorithms, generative
artificial intelligence (AI) , and mobile robotics, are rapidly replacing massive non-routine tasks,
accelerating the DI transformation of the service sector and deepening its integration with
manufacturing. This transformation is profoundly reshaping the structure of global production networks
(GPN). As the boundaries between manufacturing and services become increasingly blurred and
human-machine collaboration becomes ubiquitous, DI technologies are emerging as a key driver of
global value chain (GVC) upgrading. However, existing research in this area remains limited. Classical
models typically assume homogeneous diffusion of technological shocks and overlook the moderating
role of production network topology in technological spillovers. Existing production network theories
fail to treat DI advancements as exogenous technology supply shocks, and relevant literature primarily
focuses on the isolated effects of either network expansion or industrial robotics.

This paper investigates how DI technologies reshape the structure of GPN by reducing relative
production costs and promoting value chain trade. This paper develops a multi-country, multi-sector
structural estimation model and conducts counterfactual simulations based on exogenous declines in DI
product prices to evaluate their potential impact on value chain trade and GPN’ evolution. The model
draws on key data sources including the ADB-MIRO global input-output tables, the WIOD Social-
Economic Accounts (WIOD-SEA ), and the KLEMS database. In the reduced-form analysis, this paper
employs Bartik instrumental variables to identify the impact of DI investment changes on value chain
trade, while examining the moderating effects of the structure of GPN.

The marginal contributions of this paper are as follows. First, this paper conceptually distinguishes
between “automation” and “DI transformation” and defines sectors such as computer, electronic,
optical equipment, and information and communications as DI-intensive sectors, providing a
classification basis for input-output network-based structural identification. Second, this paper
constructs a model that incorporates the assignment of production tasks and DI interactions to analyze
how these affect GPN via value chain trade. Third, this paper reveals the moderating role of the
structure of GPN in the diffusion of DI effects. Fourth, this paper systematically examines the deep
mechanisms through which DI reshapes GPN across dimensions such as value chain trade, network
density and centrality, employment, and wages. Fifth, this paper develops a structural estimation
framework nested within a multi-country, multi-sector general equilibrium model to identify the impact
of DI technologies on value chain trade and GPN evolution, enabling counterfactual simulations and
policy evaluation.

Our findings suggest that DI technologies broadly promote value chain trade, with more
pronounced effects in countries with higher network density, reciprocity, and centrality. At the
employment and wage level, DI exhibits significant threshold effects, with higher response thresholds
in labor-abundant economies. Moreover, DI accelerates the evolution of GPN toward greater density,
resilience, and concentration, reinforcing the connectivity and centrality of core economies. Empirical
tests confirm that the structure of GPN positively moderates the marginal impact of DI technologies.
Based on these findings, this paper proposes the following policy implications: (D We should
strengthen DI technology innovation to enhance productivity and global competitiveness; 2 We should
implement DI-oriented education strategies to develop versatile, high-skilled talent; (3 We should
deepen international cooperation to mitigate trade barriers; @) We should advance the “Digital Silk
Road” Initiative to narrow the global digital divide; (3 We should enhance regional value chain
coordination to improve the connectivity of GPN. The theoretical and quantitative insights in this paper
offer a systematic understanding of how DI technologies reshape value chain flows, employment
structures, and GPN, providing a foundation for informed policy-making.

Keywords: digital intelligentization; value chain trade; global production network; structural
estimation model; counterfactual simulation
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