
Citation: Li, C.; He, Q.; Ji, H. Can

Global Value Chain Upgrading

Promote Regional Economic Growth?

Empirical Evidence and Mechanism

Analysis Based on City-Level Panel

Data in China. Sustainability 2023, 15,

11732. https://doi.org/10.3390/

su151511732

Academic Editors: Laura Mariana

Cismas, , Diana-Mihaela T, îrcă and

Isabel Novo-Corti

Received: 26 June 2023

Revised: 27 July 2023

Accepted: 27 July 2023

Published: 29 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Can Global Value Chain Upgrading Promote Regional
Economic Growth? Empirical Evidence and Mechanism
Analysis Based on City-Level Panel Data in China
Can Li 1,2, Qi He 3,4,* and Han Ji 5,6,*

1 School of Business Administration, Northeastern University, Shenyang 110167, China; lican@hceb.edu.cn
2 School of Financial Management, Hainan College of Economics and Business, Haikou 571127, China
3 Research Institute for Global Value Chains, University of International Business and Economics,

Beijing 100029, China
4 Laboratory for Global Value Chains, University of International Business and Economics,

Beijing 100029, China
5 Agricultural Information Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China
6 Key Laboratory of Agricultural Big Data, Ministry of Agriculture and Rural Affairs, Beijing 100081, China
* Correspondence: heqi@uibe.edu.cn (Q.H.); jihan@caas.cn (H.J.)

Abstract: Since launching its reforms and opening up, China has actively integrated itself into
global value chains (GVCs) and experienced continuous growth. However, there exists a significant
imbalance between GVC upgrading and economic growth across regions in China. Can GVC
upgrading promote economic growth at the regional level? Despite the theoretical foundations and
empirical evidence provided at the national level, research on GVC upgrading at the subnational level
remains limited. This study constructs a temporal indicator to measure GVC upgrading at the finest
subnational level, including cities at the prefecture level and above, and employs panel fixed effects
(FE) and mediation models to examine the impact and mechanism of GVC upgrading on regional
economic growth, aiming for a meaningful exploration in this area. The results show that GVC
upgrading has a significant positive effect on regional economic growth with robust performance.
Specifically, a 1-standard-deviation improvement in GVC upgrading leads to a 0.054-standard-
deviation increase in the logarithm of per capita gross domestic product (GDP). Heterogeneity
analysis shows that the promotion effect is more pronounced in coastal areas and administrative
centers. Mechanism analysis indicates that GVC upgrading promotes regional economic growth by
facilitating capital accumulation, promoting technological progress, and enhancing human resources,
among which, facilitating capital accumulation plays the most significant role, accounting for over
70% of the economic growth effects associated with GVC upgrading. Thus, China should create an
enabling environment for promoting GVC upgrading, enhance capital accumulation, foster regional
innovation systems, improve the quality of human capital, and promote domestic market integration.

Keywords: GVC upgrading; economic growth; transmission mechanism; capital accumulation;
Chinese cities

1. Introduction

The global economy is becoming increasingly organized around global value chains
(GVCs) for production and trade [1]. Enterprises carry out their investment, production
and trade activities on a global scale, and many countries participate in the production
of each product. This has become the most prominent feature of current international
trade [2]. The proportion of GVCs in world trade, economic aggregates and employment
continue to rise, making it the core mode of global trade expansion [3]. This has supported
decades of economic growth and brought unprecedented opportunities for developing
countries [4]. Since its reform and opening up, China has actively integrated itself into
the global production network. According to statistics from the World Trade Organization
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(WTO), in 2018, China’s GVC participation rate was 36.6%, with an average annual growth
rate of 6.8% from 2010 to 2018. While China is deeply involved in GVCs, its participation
and economic growth show great regional imbalances [5]. As the largest developing
country, is GVC upgrading conducive to regional economic development in China? What
are the mechanisms through which GVC upgrading influences regional economic growth?
Do the effects show heterogeneity among different regions? These are the main questions
this study aims to answer.

GVCs refer to the networks of production division and trade that involve many coun-
tries and regions [6,7] or the “fragmentation” and internationalization of the production
process, leading to the trade of intermediate goods and services [8]. From a developmental
perspective, a new feature of GVCs is that factories in developing countries have become
full participants in international manufacturing networks [9]. Existing studies have verified
mainly the relationship between GVCs and specific aspects of economic development,
such as technological progress [10,11], investment [12,13], and employment [14,15], in
developing countries at the national, sectoral, and firm levels. Findings indicate that the
continuous expansion and deepening of GVCs provides unprecedented opportunities for
developing countries to improve their own economic development level and production
efficiency by participating in the global division of production, imitating international
advanced technology and learning management experiences [16]. This makes effective
GVC upgrading crucial to their development [17]. However, there is limited empirical
research examining the direct relationship between GVCs and economic growth, with
some studies suggesting a positive relationship between GVC participation and economic
growth [18,19] and others indicating a potentially negative relationship [20,21].

Overall, existing research provides a solid foundation on which to understand the
impact of GVC upgrading on economic growth in developing countries. However, there
is a lack of empirical studies directly analyzing the impact [22] and mechanisms of GVC
upgrading on economic growth at the subnational level. Against the background of
deepening globalization and global production divisions, the economic development of
a region depends not only on its own domestic environment but also on its position in
the global production and trade network [23]. Taking China as an example, significant
differences in GVC upgrading and economic growth among different regions can be seen,
but existing studies mostly focus on the factors influencing GVC upgrading [24,25] or the
relationship between GVC upgrading and innovation [26].

In contrast to most of the literature, this study focuses on the finest subnational
level—cities at the prefecture level and above—to examine the impact of GVC upgrading
on regional economic growth and analyze the underlying mechanisms. In this regard,
this work is one of the early attempts. The development of the Chinese economy is based
mainly on cities at the prefecture level and above. There are significant differences in
resource endowments among different cities, which in turn affect their GVC upgrading
and economic development [27]. The city perspective provides richer information and is
more meaningful in reality, offering deeper empirical evidence and insights into the impact
and mechanisms of GVCs on regional economic growth. The analysis results demonstrate
that GVC upgrading significantly contributes to the economic growth of Chinese cities
as a whole, but there are significant heterogeneities across regions. Capital accumulation,
technological progress, and human resource improvement are important pathways through
which GVC upgrading promotes regional economic growth, with capital accumulation
playing the most significant role, explaining over 70% of the economic growth effects
brought about by GVC upgrading.

This study makes several contributions to the literature. First, it matches customs
trade data to cities at the prefecture level and above and constructs indicators to measure
GVC upgrading in Chinese cities based on product complexity. This approach represents
the most detailed sample selection method currently feasible, enabling the more effective
capture of the dynamic characteristics and heterogeneity of regional GVC upgrading in
China. Second, this study examines the impact of GVC upgrading on regional economic
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growth, enriching the relevant research on GVC and regional economic growth. Third, it
investigates the channels through which GVC upgrading affects regional economic growth,
including capital accumulation, technological progress, and human capital enhancement,
providing policy recommendations to harness the positive effects of GVC upgrading on
economic growth. Fourth, this study examines the heterogeneity of the impact of GVC
upgrading on economic growth across different regions, which is crucial for identifying
strategies to promote economic transformation and regional coordination in developing
economies like China.

The rest of this paper is organized as follows. Section 2 provides a literature review.
Section 3 presents the theoretical explanations and transmission mechanisms of GVC
upgrading on regional economic growth and proposes research hypotheses. Section 4
describes the empirical model, data and methods adopted in this study. Section 5 presents
the empirical results. Section 6 concludes the study and provides policy recommendations.

2. Literature Review
2.1. Impact of GVCs on Economic Growth

In the various stages of the development of economic growth theory, economists have
paid close attention to the role of international trade in economic growth and established
systematic theories of international trade. Trade theories, such as comparative advantage
theory, factor endowment theory, and new trade theory, form an important theoretical
foundation for studying the dynamic relationship between GVCs and economic growth
as GVCs fundamentally involve international production specialization and trade. The
possible pathways through which trade promotes economic growth include promoting
specialization and division of labor, achieving economies of scale, generating technology
spillovers, promoting competition and selection effects, and improving resource allocation
efficiency [28].

The literature has found a positive correlation between GVCs and economic growth [4].
Jangam and Rath studied a sample of 58 countries involved in GVCs from 2005 to 2015
and found that trade, particularly that related to GVCs, drives economic growth and that
the impact of GVC participation on economic growth varies across sectors [18]. Boffa et al.
found a positive effect of GVC participation on GDP per capita, which diminishes as per
capita GDP increases, indicating that low-income countries can obtain greater economic
growth effects from GVC participation [19].

Due to data limitations, empirical studies on the impact of GVCs on economic growth
are still relatively limited. Most studies analyze the impact of GVCs on economic growth in
developing economies through indirect effects such as technology spillovers and competi-
tion promotion. Latecomer countries can acquire higher-quality intermediate inputs [29],
leverage foreign knowledge (technology) embedded in GVCs to promote innovation [30],
and achieve catch-up through a “learning-by-doing” or “learning-by-using” process [31].
GVC participation can also enhance productivity through “selection effects” and “resource
reallocation,” thereby increasing the proportion of highly skilled labor, promoting the up-
grading of human capital [32], and ultimately stimulating economic growth. Most of these
studies examine the role of GVC participation in technological progress and upgrading in
developing countries at the national, industry, or firm level [33,34].

However, a considerable number of studies have expressed concerns about the possi-
ble negative effects of GVCs on developing countries. These concerns include the possibility
of hindering skill-biased technological progress [11], resulting in “low-end lock-in” [21]
and capture effects [35], as well as being trapped in the lower value-added production
and assembly stages within GVCs. Developing countries may struggle to leverage their
abundant unskilled labor endowments and lose comparative advantage in manufactur-
ing [10]. Some studies have found that GVCs have a positive impact on economic growth
in countries with higher economic growth, but they have a negative or nonsignificant [36]
impact on economic growth in less developed countries [20].
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2.2. Measurement of GVCs

Accurately measuring the GVC participation and upgrading levels in a country or
region has been a core issue in GVC research. Early studies attempted to describe the
actual structure of GVCs based on “product-level” data and cases of individual multina-
tional enterprises [37], but the application of this approach is limited when considering
macroeconomic issues such as trade policies. In their pioneering study, Hummels et al.
proposed the concept of vertical specialization (VS), which measures the degree of an
economy’s GVC integration by measuring the foreign value-added component contained
in its exports [16]. The above authors found that GVC accounted for a significant share
of trade growth in world trade from the 1970s to the 1990s. The introduction of VS was
groundbreaking and laid the theoretical foundation for many studies, such as those by
Koopman et al. [38]. However, this indicator does not account for the domestic value-added
components absorbed by foreign countries. In recent studies, this indicator has rarely been
used independently to measure a country’s level of GVC position or upgrading. After an
improvement by Upward et al. [39], the VS measure has recently been commonly used to
assess the level of GVC embeddedness [40,41].

Koopman et al. developed a comprehensive approach that decomposes total exports
into different value-added sources [38,42], and Wang et al. created value-added-based in-
dices for GVC participation and GVC position [43], both using international input—output
(IO) tables. The larger the GVC position index, the closer the economy is to the upstream
of the GVCs as a provider of intermediate goods rather than as a demander of foreign
intermediates [44]. This method has been widely applied [45,46], but its calculation is
complex and limited by the availability of IO data, making it difficult to directly apply it to
regional- or city-level analysis.

Regarding research on regional GVC participation in China, some studies start by
combining provincial multiregional IO tables and international IO tables to construct a
GVC decomposition framework [47]. However, a problem lies in the fact that regional IO
tables in China are compiled only once every five years, leading to significant time gaps;
thus, this method cannot accurately capture the dynamic characteristics of GVC upgrading.
Moreover, this method is also constrained by the timing of updates to international IO
tables [24]. The most commonly used international IO tables, such as those from the World
Input–Output Database (WIOD), are updated only until 2014, and the United Nations
Conference on Trade and Development (UNCTAD)-Eora database is updated only until
2016 [48].

In regard to more detailed subnational levels, such as cities at the prefecture level
and above, GVC analysis faces limitations due to the unavailability of city-level IO tables
provided by the National Bureau of Statistics of China. There are two other methods in
existing research that can allow for the measurement of GVC upgrading without requiring
IO data. The first method is the export product price index, which compares the relative
export prices of two countries to the same country [49]. This method is relatively simple
but less accurate, providing limited information. Some research has constructed a GVC
bargaining power index based on this index to measure the GVC division position [50].

The other method is the export technical complexity index, which is derived from the
trade specialization index proposed by Michaely [51] and improved and formally proposed
by Rodrik and Hausmann [52]. Hausmann and Hidalgo further refined the index based
on the “reflection method” from the perspectives of ubiquity and diversity [53]. Export
technical complexity can be measured at the product- or industry-specific level by using
the data on the export and income level of the exporting country, without requiring specific
data on the R&D input of specific products. Due to this advantage, the export technical
complexity index has been widely applied in the study of GVC position at the national,
regional, industry, and even firm levels [54,55]. This study adopts this index to analyze
GVC upgrading in Chinese cities, and the required microdata on product exports are
obtained from the China Customs database. However, due to the time span limitations of
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the database, almost all recent studies on GVCs at the city level in China have based their
research on data only until 2016 [27,56].

2.3. Literature Evaluation

In summary, the literature provides rich and profound insights into understanding
the impact of GVC upgrading on economic growth at the subnational level in developing
countries, laying a solid foundation for this study. These achievements serve as theoretical
references, logical starting points, and methodological references, which are undoubtedly
important and necessary. However, there remains limited research specifically investigating
the direct impact of GVC upgrading on economic growth, particularly at the subnational
level in China. As the largest developing country, China exhibits significant variations
in GVC upgrading and economic growth across regions. A deeper understanding of the
characteristics and mechanisms of the impact of GVC upgrading on regional economic
development from a more detailed perspective is essential to provide more practical policy
recommendations for promoting regional GVC upgrading and driving economic trans-
formation and coordinated development in developing economies like China. Therefore,
this study focuses on the finest subnational level, namely, cities at the prefecture level
and above, to analyze the impact of GVC upgrading on regional economic development
and to examine the underlying mechanisms within a feasible scope. Furthermore, tradi-
tional GVC indicators based on IO tables are insufficient for measuring GVC upgrading
at the city level. Therefore, this study constructs suitable indicators for measuring GVC
upgrading in Chinese cities based on the customs micro database, which establishes panel
data for consecutive years to capture the dynamic effects of GVC upgrading on regional
economic growth.

3. Theoretical Analysis and Research Hypotheses
3.1. Theoretical Explanations of the Influence of GVC Upgrading on Regional Economic Growth

First, GVC specialization refers to the global division of labor within industries or
products, representing a form of international production sharing. The economic mecha-
nism applicable to the economic effect of the international division of production is also
applicable to GVC specialization. According to the comparative advantage theory, the GVC
division of labor enables a country or region to leverage its comparative advantage. Based
on new trade theory, or the theory of increasing returns to scale, a country’s specializa-
tion in a specific production stage is conducive to the exploitation of the scale benefits of
production links within the context of the GVC division of labor. Additionally, according
to new economic geography theory, the spatial agglomeration of production stages can
reduce transaction costs and improve production efficiency [57]. Furthermore, according to
Melitz’s (2003) new trade theory (or heterogeneous firm theory) [58], the GVC division of la-
bor allows resources to be reallocated among firms within the same industry or production
stage through the “selection effect” and “resource reallocation effect”, thereby improving
the production efficiency and resource utilization efficiency [32].

Second, GVC upgrading provides greater opportunities for regional economic growth.
According to the “smile curve,” moving from downstream production, such as assembly
stages, to upstream research and service stages within GVCs can yield higher returns
and promote economic development. Through intermediate goods trade, developing
countries can learn and absorb advanced technologies from developed countries, achieve
GVC upgrading, and stimulate economic growth.

3.2. Impact Mechanisms of GVC Upgrading on Regional Economic Growth
3.2.1. Facilitating Capital Accumulation

Participation in GVCs can influence the level of capital accumulation in a country or
region through two channels: exports and imports. First, exporting serves as a form of
saving, and savings and investment can be mutually converted under certain conditions.
Promoting exports through GVC upgrading can improve the capital stock level in the
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next period. Importantly, the impact of exports on capital accumulation varies in different
stages of GVC upgrading. In the initial stage of GVC upgrading, the country or region
mostly exports primary products, such as agricultural and mineral products, which have
a single structure, low demand elasticity, strong price fluctuation and low technological
content. As a result, the short-term investment effect is small and unstable, leading to
relatively low contributions to capital accumulation. In the second stage of GVC upgrading,
the exported products are diversified industrial goods. In this case, GVC participation
can effectively stimulate investment, delay the decline in capital returns, attract foreign
capital, rapidly increase short-term investment and promote capital accumulation. When
countries enter the advanced stage of GVC upgrading, their exported products are highly
specialized knowledge-intensive and technology-intensive products. In this case, the short-
term investment brought about by exports is of higher quality, although the growth rate
may decline. Thus, GVCs play a more prominent role in promoting economic development
through technological progress and human capital enhancement.

Second, through the import of intermediate and capital goods, enterprises cannot only
obtain materials and inputs that are relatively scarce in their own countries but can also real-
ize innovation and improvement in domestic production processes to enhance productivity.

3.2.2. Promoting Technological Advancement

In an open economic system, GVC upgrading is not only an effective way to increase
investment but also an important channel to realize technological progress. Developing
countries like China can achieve technological advancement by participating in the global
production network dominated by multinational enterprises from developed countries [59].
This can be achieved through industry-related technology spillover, intermediate goods
technology spillover, foreign direct investment (FDI) technology spillover and outward
FDI (OFDI) reverse technology spillover.

By GVC upgrading through exports, developing countries can gain more opportuni-
ties to receive technology transfer, patent transfer and process outsourcing from developed
countries. Export enterprises have more opportunities to access cutting-edge technologies
in the international market and can improve their technology level actively or passively
under the requirements, guidance, and training of importers. Developing countries can
also obtain technology spillover by importing high-quality intermediate products and im-
prove their technological level through imitation, learning, and secondary innovation [33].
Moreover, GVC upgrading can increase FDI, leading to more opportunities for technologi-
cal spillover effects. These effects encompass technology imitation, technological market
competition, and technology personnel mobility. Conversely, developing countries can
also take the initiative to acquire advanced technologies from multinational companies in
developed countries through OFDI reverse technology spillover, thereby promoting the
technological innovation level of domestic enterprises and improving productivity.

3.2.3. Enhancing Human Capital

GVC upgrading is an important means of improving a country’s human capital level
both directly and indirectly, especially for developing countries. This upgrading can
directly facilitate the flow of human capital within GVCs, enabling technical personnel
in developing countries to communicate and learn from their counterparts in developed
countries. It may even involve the introduction of skilled personnel, directly contributing
to the flow and upgrading of human capital. Moreover, GVC upgrading amplifies the
demand for high-quality human capital, encouraging importers and exporters to bolster
labor skills training, thereby promoting the cultivation of human capital.

According to new trade theory and endogenous trade theory, the key channels through
which GVC upgrading influences economic growth are innovation, learning by doing, and
technology diffusion at the international technological frontier [60]. Proactive innovation
requires a higher level of human capital accumulation, and the experience gained through
learning by doing itself contributes to enhancing the human capital stock [61]. Additionally,
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GVC upgrading increases the relative demand for skilled labor, widening the wage gap
between skilled and nonskilled labor [62], stimulating investment in human capital, and
promoting improvements in its quality.

Based on the above analysis, the following hypotheses are proposed:

Hypothesis 1 (H1). The upgrading of GVC participation can promote regional economic growth.

Hypothesis 2 (H2). GVC upgrading positively impacts regional economic growth by facilitating
capital accumulation.

Hypothesis 3 (H3). GVC upgrading positively impacts regional economic growth by promoting
technological progress.

Hypothesis 4 (H4). GVC upgrading positively impacts regional economic growth by enhancing
human capital.

The theoretical model of this study is shown in Figure 1.
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4. Empirical Models and Data Processing
4.1. Empirical Models

To examine the direct effect of regional GVC upgrading on economic growth, a bench-
mark regression model is constructed following the modified and developed equations of
Hoeriyah et al. (2022) [63], Stojkoski and Kocarev (2017) [64], Zhu and Li (2016) [65], and
Hausmann et al. (2014) [66]:

lnYit = α0 + α1GVCit +
n

∑
j=1

γjZjit + µi + εit (1)

where subscripts i, j and t represent the city and year, respectively. The dependent variable
lnYit represents regional economic growth, measured as the logarithm of real GDP per
capita (at constant prices); GVCit represents GVC upgrading; Zjit represents the other
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control variables; α1 and γj represent regression coefficients; µi represents city fixed effects
(FE); and εit represents the random error term.

4.2. Variable Selection
4.2.1. Core Explanatory Variable: GVC Upgrading Index

The technical complexity of exports can be measured at the product-specific level by
using trade data and the income level of the exporting country, without requiring data on
the R&D input of specific products and industries [67]. Due to this advantage, the export
technical complexity index has been widely used in the study of GVC status at the country,
regional, industry and even enterprise levels.

As mentioned in Section 2.3, export complexity offers unique advantages for measur-
ing the level of GVC upgrading of Chinese cities because it is not affected by the discontinu-
ity of the IO table between regions in China and only requires data on product exports and
city income levels. Therefore, this study constructs an export complexity index based on the
product complexity index (PCI) to measure the level of GVC upgrading of Chinese cities.
The PCI is derived from the Atlas of Economic Complexity (https://atlas.cid.harvard.edu/.
Accesed on 11 February 2023) using the method of reflection of Hausmann et al. (2010) [53].
The basic assumption is that if the product is of higher technical complexity and requires
more capacity for production, then relatively fewer countries have the capacity to produce
it [66]. To prevent the deviation caused by the scarcity of natural resources required for
production, whether these countries have the capacity to produce other products simul-
taneously is used as a correction. If fewer countries export a product and these countries’
exports are more diverse, then the product’s complexity will be higher. If a country pro-
duces diversified and unique products simultaneously, then the export complexity will be
higher [68], indicating a higher status of GVC upgrading.

To analyze GVC upgrading at the city level, this study refers to the Observatory of
Economic Complexity (OEC) [69] and uses the following calculation formula:

GVCi =
1

Mi
∑
p

MipPCIp (2)

where subscripts i and p represent the city and product, respectively, and PCIp is the
complexity index of the product p, which measures the amount and complexity of expertise
required to produce it. Mip is calculated according to the modified revealed comparative
advantage (RCA) index. (The RCA index is defined as the ratio of two shares. The
numerator is the share of a country’s total exports of the commodity of interest in its total
exports. The denominator is the share of world exports of the same commodity in total
world exports. This index takes a value between 0 and +∞. A country is said to have an
RCA if the value exceeds unity). When city i has an apparent comparative advantage of p
products (RCAip > 1), the dummy variable Mip = 1; otherwise, Mip = 0. Mi is the sum of
Mip for city i.

The modified RCA calculation formula at the city level is as follows:

RCAip =
Xip/Xi

Xwp/Xw
(3)

where subscripts w, i, and p represent the world, city and product, respectively; Xip/Xi is
the proportion of product p in the exports of city i; and Xwp/Xw is the proportion of product
p in the exports of the world.

Comparing the share of each product in a city’s total exports with its share in global
exports to calculate a modified RCA index better fits the aim of examining GVC upgrading
and facilitates an international comparison of the results [69].

As the PCI has been standardized, its value is near 0 (for example, the maximum value
of the PCI was 3.91 and the minimum value was −2.79 among 1244 kinds of products
at HS4 level in 2016), and the GVC upgrading index calculated by Equation (2) is also

https://atlas.cid.harvard.edu/
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approximately 0 and may take a negative value. Therefore, there is no need to take
its logarithm.

4.2.2. Control Variables

Based on related studies such as Mankiw et al. (1992) [70], Su and Shao (2017) [5], and
Hoeriyah et al. (2022) [63], this study selects the following control variables:

(1) Per capita capital stock (PC), which is represented by dividing the city’s physical
capital stock by the total population at the end of the year. The physical capital
stock is calculated using the perpetual inventory method proposed by Goldsmith
(1951) [71], based on the city’s fixed asset investment, fixed asset investment price
index, depreciation rate, etc. Its basic formula is as follows:

Kt = Kt−1(1− δ) + It (4)

where δ is the average depreciation rate, Kt−1 is the capital stock at the end of the previous
period, and It is the newly added fixed asset investment in the current period.

Two key indicators must be calculated first in this method: δ, the depreciation rate; and
K0, the capital stock in the base year. On the one hand, referring to Huang et al. (2002) [72]
and Zhang et al. (2004) [73], this study adopts the depreciation rate data of the province
in which each city is located. The depreciation rate is first calculated according to the
depreciation life of various capital goods and then weighted by their share of total capital
goods. The average depreciation rate of provinces from 2001 to 2016 is 9.6935%, which is
close to the reference.

On the other hand, K0 is estimated by referring to the dynamic calculation method of
Reinsdorf et al. (2005) [74] and Ke et al. (2012) [75] using the following calculation formula:

K0 = I′0

(
1 + g
g + δ

)
(5)

where I′0 is the value of the city’s fixed asset investment at constant prices in the base period,
g is the average annual growth rate of constant-price investment I′t , and δ is the average
depreciation rate.

(2) Other control variables include employment, research and development, openness,
infrastructure, government intervention, etc. Employment (EM) is measured by the
number of persons employed in various units at year-end. Research and development
(RD) is represented by the share of science and technology expenditure in total public
finance expenditure. Openness is measured by the share of imports and exports in
GDP. Infrastructure (INFRA) is measured by the road area per capita. Government
intervention (GOV) is measured by the proportion of government fiscal expenditure
in GDP.

In the empirical analysis, logarithms are taken for employment (EM), technological
innovation (TECH) and infrastructure (INFRA), while research and development (RD),
openness (OPEN) and government intervention (GOV) are relative measures and do not
require logarithmic transformation.

4.3. Data Description

To maintain consistency in statistical measurement, this paper uses panel data of
239 cities at the prefecture level and above in China from 2001 to 2016 as research samples.
In the empirical analysis, balanced panel data are obtained, comprising a maximum of
3824 observations. The main data sources used in this study include trade data from
the General Administration of Customs of China, global trade data from the CEPII-BACI
database, and the PCI from the Harvard University Dataverse database, which are used to
measure regional GVC upgrading. Additionally, production and population data at the
city level from the China City Statistical Yearbook, China Statistical Yearbook for Regional
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Economy and provincial and municipal statistical yearbooks over the years are used to
construct the dependent and control variables.

The descriptive statistical results of the main variables are shown in Table 1, where
the PCI used to measure GVC upgrading in cities has been standardized. Additionally,
the maximum value of the variance inflation factor (VIF) of the variables is 4.8, and the
minimum value is 1.2, both of which are less than six, indicating that there is no concern
about multicollinearity problems.

Table 1. Descriptive statistics of the variables.

Variable Variable Description Obs. Mean Std. Dev. Min. Max.

lnY Log(GDP per capita) 3824 9.83 0.83 7.73 12.67
GVC Export complexity of a city 3824 −0.12 0.28 −1.68 1.05
lnPC Log(per capita capital stock) 3824 10.36 1.12 7.42 13.41
lnEM Log(employment) 3824 3.61 0.75 1.70 6.89
RD Research and development 3824 1.48 1.21 0.07 12.15

lnINFRA Log(infrastructure) 3824 0.86 0.94 −3.87 4.29
OPEN Openness 3824 22.32 39.94 0.14 564.88
GOV Government intervention 3824 13.36 6.07 2.79 67.50

lnTECH Log(patents granted per ten thousand people) 3824 6.22 1.73 0.69 11.53

lnHC Log(students enrolled in general higher education per
ten thousand people) 3824 4.36 1.37 −4.61 7.18

Note: This table shows the sample size, median, standard deviation and minimum and maximum values of each
variable in this study. In particular, lnY is the explained variable in the baseline regression; GVC is the explanatory
variable in the baseline regression; lnPC, lnTech, and lnHC are the moderating variables; and lnPC, lnEM, RD,
lnINFRA, OPEN and GOV are the control variables.

To preliminarily investigate the correlation between GVC upgrading and regional
economic growth, this study uses Stata 14.0 to plot the regression fitting trend line and
two-dimensional scatterplot between GVC upgrading and regional economic growth.

As shown in Figure 2, the GVC upgrading index is mostly distributed between −2
and 1, and the slope of the fitting trend line between GVC and lnY is positive. Based on
the scatterplot, there appears to be a relatively clear positive correlation between GVC
upgrading and economic growth, which requires further empirical analysis to confirm.

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 23 
 

 

 
Figure 2. Scatterplot and fitting line of GVC upgrading and economic growth for Chinese cities. 

5. Empirical Results 
5.1. Results of Panel Unit Root and Cointegration Tests 

Before conducting regression analysis on the empirical model, it is necessary to per-
form unit root tests on the panel data to ensure data stability and avoid spurious regres-
sion. This study adopts the Levin–Lin–Chu (LLC) [76] and Im–Persaran–Shin (IPS) [77] 
tests to test the unit roots of GVC upgrading and its related indicators, thereby ensuring 
data stationarity. The LLC test serves as a homogeneous unit root test, while the IPS test 
serves as a heterogeneous unit root test that allows for different individual autoregressive 
coefficients [78]. The test results are presented in Table 2. All the variables pass the LLC 
test, but lnY and lnpc are not stationary in the level under the IPS test. All the variables 
are stationary after the first difference at the 1% significance level. All the variables are 
first-order differenced stationary, satisfying the prerequisite conditions for cointegration 
tests. 

Table 2. Results of panel unit root test. 

Variable 
LLC IPS 

Level  First Difference Level  First Difference 
lnY −26.230 *** −16.997 *** 7.494 −14.545 *** 

GVC2 −16.563 *** −26.830 *** −18.209 *** −31.427 *** 
lnpc −54.063 *** −20.385 *** 15.383 −3.578 *** 

lnEM −6.986 *** −11.331 *** −6.756 *** −26.203 *** 
rd −28.255 *** −26.527 *** −12.387 *** −28.567 *** 

lninfra −24.047 *** −31.053 *** −12.899 *** −28.523 *** 
open −18.092 *** −28.713 *** −14.508 *** −33.184 *** 
gov −8.353 *** −16.731 *** −8.706 *** −27.006 *** 

lntech −10.871 *** −23.250 *** −9.745 *** −29.148 *** 
lnhc −30.371 *** −29.142 *** −16.726 *** −29.002 *** 

Figure 2. Scatterplot and fitting line of GVC upgrading and economic growth for Chinese cities.



Sustainability 2023, 15, 11732 11 of 22

5. Empirical Results
5.1. Results of Panel Unit Root and Cointegration Tests

Before conducting regression analysis on the empirical model, it is necessary to per-
form unit root tests on the panel data to ensure data stability and avoid spurious regression.
This study adopts the Levin–Lin–Chu (LLC) [76] and Im–Persaran–Shin (IPS) [77] tests
to test the unit roots of GVC upgrading and its related indicators, thereby ensuring data
stationarity. The LLC test serves as a homogeneous unit root test, while the IPS test serves
as a heterogeneous unit root test that allows for different individual autoregressive coef-
ficients [78]. The test results are presented in Table 2. All the variables pass the LLC test,
but lnY and lnpc are not stationary in the level under the IPS test. All the variables are sta-
tionary after the first difference at the 1% significance level. All the variables are first-order
differenced stationary, satisfying the prerequisite conditions for cointegration tests.

Table 2. Results of panel unit root test.

Variable
LLC IPS

Level First Difference Level First Difference

lnY −26.230 *** −16.997 *** 7.494 −14.545 ***
GVC2 −16.563 *** −26.830 *** −18.209 *** −31.427 ***
lnpc −54.063 *** −20.385 *** 15.383 −3.578 ***

lnEM −6.986 *** −11.331 *** −6.756 *** −26.203 ***
rd −28.255 *** −26.527 *** −12.387 *** −28.567 ***

lninfra −24.047 *** −31.053 *** −12.899 *** −28.523 ***
open −18.092 *** −28.713 *** −14.508 *** −33.184 ***
gov −8.353 *** −16.731 *** −8.706 *** −27.006 ***

lntech −10.871 *** −23.250 *** −9.745 *** −29.148 ***
lnhc −30.371 *** −29.142 *** −16.726 *** −29.002 ***

Note: *** p < 0.01.

This study then employs Pedroni’s residual-based heterogeneous panel cointegration
test [79] to examine the model, with results presented in Table 3. All the statistics reject
the null hypothesis of no cointegration at the 1% significance level, indicating that the
variables considered in this study are cointegrated. This provides support for investigating
the long-term relationships among the variables. Consequently, subsequent estimation of
the regression equation using econometric methods should yield relatively efficient and
precise results, without the issue of spurious regression.

Table 3. Results of cointegration test.

Statistic p-Value

Modified Phillips–Perron t 23.840 0.000
Phillips–Perron t −9.157 0.000

Augmented Dickey–Fuller t −6.768 0.000

5.2. Baseline Regression Results

Table 4 presents the results of the benchmark regression of the impact of GVC upgrad-
ing on economic growth. Column (1) shows the results of the mixed OLS regression. When
all the data are treated equally, the coefficient of GVC upgrading is significantly positive
at the 1% level, indicating that GVC upgrading significantly contributes to the economic
growth of Chinese cities. Column (2) shows that this conclusion remains valid when using
an FE model. The estimated results are robust under different settings, indicating that
GVC upgrading significantly promotes economic growth, supporting H1 in this paper.
This implies that a one-standard-deviation improvement in GVC upgrading leads to a
0.054-standard-deviation increase in GDP per capita.
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Table 4. Benchmark regression results.

Variable
(1) (2)

OLS FE

GVC 0.0383 ** 0.159 ***
(0.0160) (0.0249)

lnPC 0.618 *** 0.497 ***
(0.00616) (0.0122)

lnEM 0.0652 *** 0.129 ***
(0.00636) (0.0217)

RD −0.0129 *** 0.0450 ***
(0.00360) (0.00959)

lnINFRA 0.0864 *** 0.0536 ***
(0.00698) (0.0158)

OPEN 0.00207 *** −0.000135
(0.000113) (0.000245)

GOV −0.0223 *** 0.00218
(0.000720) (0.00162)

_cons 3.398 *** 4.100 ***
(0.0562) (0.103)

N 3824 3824
R2 0.918 0.961

Note: Standard errors are in parentheses. ** p < 0.05, and *** p < 0.01.

5.3. Robustness Test
5.3.1. Replacement of the Core Explanatory Variable: Changing the RCA Threshold

When calculating the GVC upgrading index at the city level according to
Equations (2) and (3), the threshold value of RCA is set at 1. However, Ourens (2013) [80]
suggests that the estimation results of the effect of complexity on economic growth are
sensitive to the chosen RCA threshold. Following the approach of reference [65], this study
sets the threshold values of RCA to 0.8 and 1.2 and replaces the core explanatory variable
GVC with the newly calculated explanatory variables GVC1 and GVC2, respectively, to
conduct the robustness test. The results are shown in columns (1) and (2) of Table 5. (The
completed table with all results of the indicators can be provided upon request and the
same is true for all the following tables.) The coefficients of GVC1 and GVC2 are positive at
the 1% significance level, verifying the robustness of the benchmark regression results.

Table 5. Robustness test (FE).

Variable
(1) (2) (3)

lnY lnY lnRGDP

GVC 0.197 ***
(0.0273)

GVC1 0.161 ***
(0.0258)

GVC2 0.166 ***
(0.0247)

_cons 4.097 *** 4.112 *** 9.568 ***
(0.102) (0.103) (0.0974)

Control
variables Yes Yes Yes

N 3824 3824 3824
R2 0.961 0.961 0.961

Note: Standard errors are in parentheses. *** p < 0.01.
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5.3.2. Replacement of the Dependent Variable

The economic growth and development level studied in this paper is based on the
comprehensive development of cities, including industrial development, industrialization,
and trade capacity of the city embedded in GVCs, rather than the per capita living standard.
In view of this, this study replaces the logarithm of real GDP per capita with the logarithm
of real GDP (lnRGDP) of cities as the independent variable, and the test results are shown in
column (3) of Table 5. After replacing the explained variable, the coefficient of GVC remains
positive at the 1% significance level, consistent with the benchmark regression results.

5.3.3. Treatment of Endogeneity Issues

To overcome the potential endogeneity issues caused by reverse causality arising
from bidirectional causality between GVC upgrading and economic growth, this study
employs instrumental variable (IV) estimation. GVC upgrading can promote economic
growth, and vice versa. This study adopts the lagged one- and two-period GVC upgrading
index as the IVs of GVC and conducts two-stage least squares (2SLS) estimation to ensure
that the benchmark test results are scientifically robust. This is a common practice in
the literature [18] as it is assumed that the current value of the explanatory variable has
no effect on the lagged value of the endogenous variable. The issues of endogenous
relationships caused by bidirectional causality can be effectively avoided through this
time-staggering approach.

Table 6 shows the estimation results of the 2SLS regression. Columns (1) and (3) show
that the regression coefficients of the IVs to GVC in the first stage are significantly positive
at the level of 1%, indicating that the Ivs are significantly positively correlated with the
explanatory variables. Columns (2) and (4) show that regardless of whether the selected IV
is the first or second lag of the independent variable, the estimated coefficients of GVC are
significantly positive, indicating that the influence of GVC upgrading on regional economic
growth remains valid after addressing endogeneity issues.

Table 6. Endogeneity treatment (2SLS).

Variable

(1) (2) (3) (4)

First Second First Second

GVC lnY GVC lnY

GVC 0.232 *** 0.341 ***
(5.35) (4.22)

L.GVC 0.532 ***
(18.25)

0.292 ***
L2.GVC (5.87)

Control
variables Yes Yes Yes Yes

KP-LM 83.65 *** 45.13 ***
Shea partial R-sq 0.2791 0.0828

Wald rk F 333.054 *** 34.43 ***

Observations 3585 3585 3346 3346
R2 0.535 0.960 0.367 0.957

Number of cities 239 239 239 239
Note: T-statistics in parentheses. *** p < 0.01.

This paper also uses various methods to test the effectiveness of the selected Ivs. The
KP-LM statistic shows that the null hypothesis of the insufficient identification of Ivs is
rejected with significance at the 1% level, suggesting that there is no correlation between
the non-included Ivs and endogenous variables. Testing with the Wald rk F statistic rejects
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the null hypothesis that the Ivs are weakly identified, with significance at the 1% level. Both
tests show that the 2SLS regression results are robust and that the selected Ivs are valid.

5.4. Heterogeneity Analysis

Considering the differences in the levels of economic development and population
distribution among cities, this study examines the variations in the impact of GVC up-
grading on economic growth across cities from multiple perspectives, using GDP size and
employment scale as proxies for material and labor resources.

As shown in Table 7, GVC upgrading has a significant effect on the economic growth of
cities with different economic development scales and employment scales, but with notable
differences. Specifically, columns (2) and (4) show that cities with a larger economic scale
and larger employment scale present a stronger promoting effect of GVC upgrading on
economic growth, possibly because cities with abundant material and labor resources have
a stronger ability to absorb intermediate product technology spillovers through imports
than other cities. At the same time, such cities also have more competitive advantages in
terms of exports and can obtain more capital accumulation, which makes it easier for them
to upgrade productivity and promote economic growth through GVC upgrading.

Table 7. Heterogeneity analysis (FE).

Variable

Economic Scale Employment Scale Year

GDP < 60
Billion Yuan

GDP ≥ 60
Billion Yuan EM < 300,000 EM > 300,000 2001–2006 2007–2009 2010–2016

(1) (2) (3) (4) (5) (6) (7)

GVC 0.116 *** 0.270 *** 0.123 *** 0.230 *** 0.0991 *** 0.00719 0.0273 *
(0.0242) (0.0395) (0.0266) (0.0404) (0.0234) (0.0136) (0.0162)

_cons 4.146 *** 4.146 *** 4.104 *** 4.162 *** 4.048 *** 4.092 *** 4.861 ***
(0.178) (0.111) (0.184) (0.150) (0.160) (0.118) (0.0962)

Control
variables Yes Yes Yes Yes Yes Yes Yes

N 1707 2117 1622 2201 1434 717 1673
R2 0.948 0.961 0.957 0.964 0.920 0.937 0.928

Note: Standard errors are in parentheses. * p < 0.1, and *** p < 0.01.

To further investigate the time effect of GVC upgrading on regional economic growth,
this study processed the samples by period, selecting 2007 as the first time node to in-
vestigate the possible impact of the global financial crisis. Moreover, considering the
increasing downward pressure on China’s economy since 2010, 2010 is selected as the
second time node to test the impact of GVC upgrading on regional economic growth by
period. Columns (5), (6) and (7) in Table 7 show that GVC upgrading had a promoting effect
on regional economic growth in the two periods of 2001–2006 and 2010–2016. However, it
can be seen that after the global financial crisis, the promoting effect of GVC upgrading
on economic growth declined significantly. Specifically, the coefficient during 2007–2009
dropped substantially to less than one-tenth of that during 2001–2006. From 2010 to 2016,
the promoting effect of GVC upgrading on economic growth recovered relative to the pre-
vious period. This finding indicates that on the one hand, the impact of the global financial
crisis gradually diminished, and on the other hand, although China’s economy entered a
slower growth period, China enhanced the positive impact of GVC upgrading on economic
growth by implementing a series of strategies to promote technological innovation and
transform its growth mode.

The multicenter agglomeration economy represented by city clusters has become
the growth pole of China’s economy and the core force of China’s participation in GVC
cooperation. Considering that China’s economic development presents regional differ-
ences, different urban clusters have different positions in the division of labor within
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the production value chain, leading to different impacts of GVC upgrading on regional
economic growth. Therefore, five urban clusters are selected from the 239 cities in the
sample, namely, the Beijing–Tianjin–Hebei, Yangtze River Delta, Pearl River Delta, and
Chengdu–Chongqing urban agglomerations as well as the middle reaches of the Yangtze
River, to investigate the impact of GVC upgrading on economic growth in different urban
clusters. From 2001 to 2016, exports of these five selected urban clusters accounted for more
than 73% of the total exports of all cities, indicating their importance for GVC upgrading.
Table 8 shows differences in the impact of GVC upgrading on economic growth across
different urban clusters. Columns (1), (2) and (3) show that GVC upgrading has a significant
promoting effect on the economic growth of the Beijing–Tianjin–Hebei, Yangtze River Delta
and Pearl River Delta urban agglomerations; among these, its contribution to economic
growth is the largest in the Yangtze River Delta urban cluster. Columns (4) and (5) show
that the influence of GVC upgrading on the economic growth of the middle reaches of
the Yangtze River and the Chengdu–Chongqing urban agglomeration is positive but not
significant. This finding suggests that GVC upgrading plays a larger role in economically
developed areas in China, such as coastal areas and administrative centers, than it does in
other areas. Although inland urban clusters are gradually undertaking industrial produc-
tion transferred from coastal areas, GVC upgrading remains challenging for these clusters
because it requires better production, communication and transportation conditions. For
regions with relatively weak industrial foundations, it will take some time to realize the
positive effect of GVC upgrading on economic growth. At present, these regions may
participate indirectly in GVCs by engaging in the division of domestic value chains.

Table 8. Regional heterogeneity analysis (FE).

Variable
(1) (2) (3) (4) (5)

lnY lnY lnY lnY lnY

GVC 0.475 *** 0.936 *** 0.372 *** 0.117 0.0164
(0.161) (0.211) (0.0998) (0.0816) (0.0438)

_cons 3.549 *** 4.849 *** 5.324 *** 4.394 *** 3.166 ***
(0.471) (0.273) (0.524) (0.267) (0.287)

Control
variables Yes Yes Yes Yes Yes

N 288 144 208 448 192
R2 0.986 0.956 0.976 0.973 0.985

Note: Standard errors are in parentheses. *** p < 0.01.

5.5. Test of Mediation Mechanism

As described in H2, H3 and H4, GVC upgrading can promote regional economic
growth by promoting capital accumulation, technological advancement, and human capital
improvement. To demonstrate these points further, this section employs a mediating model
to test the mechanism through which GVC upgrading affects regional economic growth.
The mediating effects model consists of the following three equations:

lnYit = α1 + β1GVCit + γ1Zit + ε1it (6)

Mit = α2 + β2GVCit + γ2Zit + ε2it (7)

lnYit = α3 + β3GVCit + ω3Mit + γ3Zit + ε4it (8)

Mit represents the mediating variables, including capital accumulation (cap-effect),
technological progress (tec-effect), and human capital upgrading (hum-effect), which are
proxied by per capita capital (PC), the number of patents granted per ten thousand people
(TECH), and the number of students enrolled in general higher education per ten thousand
people (HC), respectively. The definitions of the other variables are consistent with those
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in model (1). Model (6) has the same function as model (1) to verify the impact of GVC
upgrading on regional economic growth. Model (7) is used to verify the influence of
GVC upgrading on the mediating variables (capital accumulation, technological progress,
and human capital upgrading), while model (8) tests the mediating effect of intermediary
variables in the relationship between GVC upgrading and regional economic growth. The
results of the mediation mechanism test are presented in Table 9.

Table 9. Mechanism test (FE).

Variable
(1) (2) (3) (4) (5) (6) (7)

lnY lnPC lnY lnTECH lnY lnHC lnY

GVC 0.572 *** 0.831 *** 0.159 *** 0.200 ** 0.151 *** 0.340 ** 0.153 ***
(0.0669) (0.113) (0.0249) (0.0846) (0.0235) (0.158) (0.0250)

lnPC 0.497 *** 0.765 *** 0.464 *** 0.461 *** 0.489 ***
(0.0122) (0.0454) (0.0161) (0.0769) (0.0124)

lnTECH 0.0425 ***
(0.0110)

lnHC 0.0179 *
(0.00989)

_cons 7.317 *** 6.471 *** 4.100 *** −5.441 *** 4.332 *** −0.354 4.107 ***
(0.199) (0.372) (0.103) (0.394) (0.117) (0.598) (0.103)

Control
variables Yes Yes Yes Yes Yes Yes Yes

N 3824 3824 3824 3824 3824 3824 3824
R2 0.823 0.808 0.961 0.862 0.962 0.362 0.962

Note: Standard errors are in parentheses. * p < 0.1, ** p < 0.05, and *** p < 0.01.

5.5.1. Mechanism 1: Promoting Capital Accumulation

Since the mediating variable is the same as the control variable at this time, the
logarithm of per capita capital (lnPC) is excluded from the baseline regression of the
effect of GVC upgrading on economic growth in column (1) in Table 9. The regression
results show that GVC upgrading plays a greater role in promoting economic growth when
the direct effect of capital growth on economic growth is not considered. The results in
column (2) show that GVC upgrading can significantly promote an increase in capital
accumulation. In column (3), both GVC and lnPC are significant, indicating that the
mediating effect brought about by capital accumulation is incomplete. The presence of
the mediating effect of capital accumulation reduces the magnitude of the effect of GVC
upgrading on regional economic growth from 0.572 units to 0.159 units. According to the
calculation, the mediating effect ratio of capital accumulation is 0.722, which indicates that
capital accumulation, as a mediating variable, can explain more than 70% of the economic
growth effect brought about by GVC upgrading. GVC upgrading is an important method
of capital accumulation, and capital accumulation is the most important channel through
which GVC upgrading affects China’s economic growth. Thus, H2 is verified.

5.5.2. Mechanism 2: Promoting Technological Progress

Column (4) of Table 9 shows that the estimated coefficient of GVC is positive at
the significance level of 5%, indicating that GVC upgrading has a positive impact on
technological progress. Column (5) shows that both GVC and lnTECH are significant at
the same time, but that the estimated coefficient of GVC is lower than that in the baseline
regression. These results indicate that promoting technological progress is an important
channel through which GVC upgrading affects regional economic growth, which supports
H3. According to the calculation, the mediating effect ratio of technological progress is 0.053,
indicating that technological progress, as a mediating variable, can explain approximately
5.3% of the economic growth effect brought about by GVC upgrading and that GVC
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upgrading plays a positive role in promoting technological progress; however, the overall
level of technological benefits is relatively low.

5.5.3. Mechanism 3: Promoting Human Capital Upgrading

Column (6) of Table 9 shows that the estimated coefficient of GVC is significantly
positive at the 5% level, indicating that GVC upgrading can promote the improvement
in human capital. In column (7), both GVC and lnHC are significant, but the estimated
coefficient of GVC is lower than that in the benchmark regression, which supports H4.
Namely, improvement in human capital is the channel through which GVC upgrading
promotes regional economic growth. The mediating effect ratio of human capital is 0.038,
indicating that human capital, as an intermediary variable, can explain approximately 3.8%
of the impact of GVC upgrading on economic growth.

The summary of the magnitude of the three mediating variables is presented in
Table 10. In terms of the ratio of the mediating effect to the total effect, the effect of
capital accumulation is the largest, followed by those of technological progress and human
capital upgrading. This finding indicates that capital accumulation is the most important
pathway through which GVC upgrading influences regional economic growth. Since
joining the WTO, the economic effects of GVC upgrading in China have manifested mainly
in the investment field. Through GVC upgrading, China has gained access to high-quality
intermediate inputs and effectively stimulated investment through the production and
export of industrial goods. This has facilitated industrial agglomeration, improved capital
accumulation efficiency, mitigated the decline in capital returns, and significantly promoted
economic growth.

Table 10. Mediating effects.

Variable Mediating Effect

Capital accumulation 72.2%
Technological progress 5.3%

Human capital upgrading 3.8%
Note: Calculated by the authors based on the regression results.

The mediating effects of technological progress and human capital improvement
are relatively small, indicating that although GVC upgrading can generate knowledge
spillovers, promote technological progress, and enhance the quality of human capital,
its mediating effects are not prominent in the current stage of development in China.
On the one hand, this result suggests that the technological progress brought about by
GVC upgrading is suboptimal for social innovation in China. On the other hand, it
also implies that China has not effectively achieved alignment between the regional and
international innovation systems and human capital, limiting the spillover effects obtained
through GVCs.

6. Conclusions and Implications

This paper measures the level of GVC upgrading of 239 Chinese cities from 2001
to 2016 by constructing a city export complexity index and tests its impact on regional
economic growth. The research finds that first, GVC upgrading promotes regional eco-
nomic growth. This conclusion remains robust after replacing explanatory variables and
explained variables and addressing endogeneity problems. Second, the promoting effect of
GVC upgrading on regional economic growth is more prominent in cities with abundant
material and labor resources. From the temporal perspective, this promoting effect was
greatly weakened by the global financial crisis in 2007. From the regional perspective, the
promoting effect is more significant in coastal areas and administrative centers and not
significant in inland areas. Third, capital accumulation, technological progress, and human
capital improvement are crucial mechanisms through which GVC upgrading enhances
regional economic growth. Among these, the impact of capital accumulation is the most
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significant, accounting for over 70% of the economic growth effects resulting from GVC
upgrading. In recent years, there have been profound changes in the global geopolitical
landscape, with the rise in nationalism and trade protectionism posing significant chal-
lenges to GVCs. However, the 20th National Congress of the Communist Party of China
emphasized a consistent commitment to promoting high-level opening up, drawing on the
fact that GVC upgrading could make a positive contribution to regional economic growth.

Based on the above findings, this paper proposes the following:
First, a favorable environment and conditions should be created to promote GVC

upgrading and encouraging regional economic development. According to this study,
GVC upgrading is an effective way to promote regional economic growth. Therefore,
China should continue to support and uphold the multilateral trading system, actively
engage in WTO reforms, and contribute to the construction of GVCs and regional value
chains. Additionally, further efforts should be made to advance multilateral cooperation
and the establishment of free trade zones, facilitating the matching of supply and demand
between enterprises participating in the GVC division of labor, and supporting policies
aimed at increasing enterprise integration into GVCs, such as investment policies, contract
enforcement systems, and business facilitation.

Second, capital accumulation should be promoted, and the efficiency of capital utiliza-
tion should be improved. Given the analysis of the transmission mechanisms by which
GVC upgrading affects regional economic growth, capital accumulation is the most critical
transmission mechanism. GVC upgrading can promote capital accumulation by increasing
short-term investment and attracting foreign capital, thereby positively impacting eco-
nomic growth. Therefore, efforts should be made to further promote capital accumulation,
improve the efficiency of capital utilization, and avoid redundant investments. The trans-
mission effects of capital accumulation in the context of GVC upgrading and regional
economic growth should be fully utilized.

Third, regional innovation systems should be actively fostered, and the quality of
human capital should be improved. According to the mechanism analysis, the mediating
effects of technology advancement and human capital enhancement are relatively small,
suggesting that the technological progress brought about by relying on learning by doing,
learning by exporting, cost discovery and demand discovery is suboptimal for social
innovation. It is necessary to cultivate independent domestic research and development
capability and regional innovation systems and prioritize the cultivation of regional human
capital. These efforts can promote the integration of regional and international technology
and human capital, supporting the absorption of the spillover effect brought about by
GVC upgrading.

Fourth, institutional barriers between coastal and inland areas, and between inland
areas and other inland areas should be reduced, and the integration of the domestic market
should be promoted. It is important to strengthen infrastructure construction in the central
and western regions to undertake industrial transfers from coastal cities. Accelerating the
transfer of industrial gradients would promote GVC upgrading of cities in the central and
western regions.

Due to the limitations of quantitative analysis in this study, future research should aim
to further improve the research methodology. First, this study uses the export complexity
index to measure the level of GVC upgrading in Chinese cities, which avoids the influence
of data inconsistency over time compared with indicators based on IO tables. Although this
method continuously captures the characteristics of city-level GVC upgrading, it neglects
the content and technical complexity of imported intermediates used in the production
of exported goods. Hence, future research should continue to pay attention to the latest
research progress regarding GVCs and constantly improve the measurement index of GVC
upgrading at the city level, providing a more accurate and comprehensive measurement
method. Second, future studies should more comprehensively explore the impact of GVC
upgrading on institutional quality, total factor productivity, industrial structure, and other
factors that also have significant implications for regional economic growth. Third, future
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studies may investigate the presence of a spatial spillover effect of GVC upgrading and
whether this effect can extend the benefits of GVC upgrading to neighboring regions.
Fourth, it is also a key direction for future research to examine whether GVC upgrading
can reduce regional disparities in China, promote balanced development among regions,
and foster regional equity. Finally, since 2016, there have been significant changes in the
global economic and political landscape, particularly due to the outbreak of the coronavirus
disease 2019 (COVID-19) pandemic, which has majorly impacted GVCs. Future research
should make efforts to capture the effects of these new geopolitical changes by improving
data availability or adopting new methodological frameworks.
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