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The relationship between FDI quality, new quality
productivity forces, and economic resilience in
China’s Yangtze River Delta region: insights from
an empirical spatial Durbin model
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In the context of increasing natural disasters, volatile geopolitical dynamics, and rising anti-

globalization trends—particularly in the post-pandemic era—enhancing economic resilience

has become crucial. This study investigates how FDI quality and new quality productivity

forces influence economic resilience across 41 cities in China’s Yangtze River Delta

(2009–2022). We establish measurement systems for FDI quality, new quality productivity

forces, and economic resilience, conducting empirical analyses across temporal and spatial

dimensions. Three main findings emerge: First, significant spatial disparities exist, with

eastern/northern regions outperforming western/southern areas in all three dimensions.

While new quality productivity forces and resilience show upward trends with fluctuations,

FDI quality exhibits stagnation and regional imbalances. Second, temporal analysis reveals a

U-shaped relationship where FDI quality affects both new quality productivity forces and

resilience, with new quality productivity forces demonstrating significant mediation effects.

Third, spatial econometric results show an inverted U-shaped spillover effect of FDI quality on

neighboring regions’ resilience. These findings provide empirical evidence on the mechanisms

through which external investments (FDI) and internal innovation capabilities (new quality

productivity forces) jointly shape regional economic resilience, offering valuable insights for

policymakers to address development disparities and enhance risk resistance capacities in

the new era.

https://doi.org/10.1057/s41599-025-05436-0 OPEN

1 School of Economics, Zhejiang University of Science and Technology, Hangzhou, China. ✉email: hxy9069@zust.edu.cn

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2025) 12:1083 | https://doi.org/10.1057/s41599-025-05436-0 1

12
34

56
78

9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05436-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05436-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05436-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-025-05436-0&domain=pdf
mailto:hxy9069@zust.edu.cn


Introduction

Amid profound transformations in the global economic
order, the interdependence between FDI quality and
economic resilience has emerged as a pivotal factor in

international strategic competition. The ongoing restructuring of
global value chains and technological paradigm shifts have ele-
vated high-quality FDI beyond its conventional function as
capital transfer, transforming it into a fundamental catalyst for
industrial advancement, technological dissemination, and insti-
tutional refinement. In the current era marked by escalating anti-
globalization tendencies and heightened systemic vulnerabilities,
economic resilience building has shifted from pure risk contain-
ment to sustaining growth trajectories within volatile conditions.
While advanced economies leverage superior FDI to reinforce
their innovation architectures, developing nations increasingly
focus on aligning foreign investment with indigenous capacity
development to construct more robust economic frameworks.
This worldwide phenomenon underscores how FDI quality
enhancement serves dual purposes: stimulating immediate eco-
nomic expansion while simultaneously functioning as a strategic
cornerstone for enduring resilience—with its operational
dynamics manifesting distinct patterns across nations at varying
development phases and with differing industrial configurations.

FDI constitutes a critical external factor influencing economic
resilience that demands scholarly attention. China’s mega-sized
market, characterized by abundant labor resources, continuous
improvements in its business environment, and preferential
policies for foreign investors, has emerged as a prime global
investment destination. However, the accelerated globalization of
capital flows has revealed the dual nature of FDI’s impacts on
host economies. While FDI facilitates capital formation, tech-
nology transfer, and managerial know-how—thereby promoting
economic growth and industrial upgrading in developing coun-
tries—it simultaneously introduces external vulnerabilities that
may amplify economic volatility and challenge domestic resi-
lience. This paradox underscores the need to systematically
examine the FDI quality–resilience nexus, as evidence-based
policy formulation in this domain could significantly enhance
urban economic resilience against future shocks.

China’s FDI landscape has undergone a strategic transforma-
tion from quantity-driven to quality-oriented growth. The earlier
development model’s overreliance on capital-intensive, high-
energy-consumption FDI became increasingly incompatible with
the nation’s high-quality development objectives. The 2023
“Guidelines on Further Optimizing the Foreign Investment
Environment” explicitly advocated for a balanced approach
prioritizing both quantity and quality in FDI inflows. Although
China experienced an 8% year-on-year decline in utilized FDI in
2023, it maintained a substantial inflow of US$161 billion,
accounting for 34% of total FDI in developing economies
(UNCTAD, 2023). The Yangtze River Delta (YRD) region, ser-
ving as a strategic nexus between the Yangtze River Economic
Belt and the Belt and Road Initiative, exemplifies China’s FDI
quality transition. This economically vibrant region, notable for
its openness and innovation capacity, attracts over 50% of China’s
total FDI inflows. By examining 41 YRD cities, this study
investigates the mechanisms through which high-quality FDI
enhances economic resilience, providing valuable policy insights
for China and other emerging economies to optimize foreign
investment structures and strengthen risk mitigation capabilities.

The enhancement of economic resilience urgently requires
endogenous dynamic transformation. Under the current global
value chain restructuring, traditional factor-driven productivity
models face challenges such as declining total factor productivity
(TFP) growth rates and suboptimal capacity utilization, compel-
ling a shift in economic growth drivers. Against this backdrop,

the concept of “new quality productive forces” was first proposed
by President Xi Jinping during the Symposium on Promoting
Comprehensive Revitalization of Northeast China in the New Era
held in September 2023. Defined as “a new form of productivity
dominated by technological innovation and aligned with high-
quality development requirements” (Ren and Dou, 2024), this
innovative concept provides a novel theoretical perspective for
regional economic resilience building. As a distinct economic
growth paradigm and developmental pathway (Ren and Dou,
2024), new quality productive forces exert substantial impacts on
regional economic resilience. Notably, high-quality FDI demon-
strates significant alignment with the core elements of new quality
productive forces through its mechanisms of human capital
enhancement, technological innovation facilitation, and industrial
upgrading promotion (Alfaro and Charlton, 2007; Thuy and
Dung, 2023). Empirical studies further reveal a statistically sig-
nificant positive correlation between FDI quality and the devel-
opment of new quality productive forces, with both factors
constituting critical mechanisms influencing economic resilience.

A review of existing research reveals relatively comprehensive
studies on FDI quality and economic resilience, with abundant
literature focusing on the measurement of FDI quality indicators.
Current approaches to constructing and evaluating FDI quantity
and quality metrics mainly fall into two categories: one employs
only the FDI performance index (Zhong and Chen, 2012; Zhang
et al. 2023), while the other develops multidimensional compre-
hensive evaluation indicators encompassing both quantity and
quality perspectives (Zhang and Tang, 2022). Some scholars have
also built indicator systems based on dimensions such as foreign
capital asset contribution rate, average scale, technological level,
and profitability (Srivastava, 2003; Sun and Li, 2023; Bai and Lü,
2015). Domestic research on economic resilience remains rela-
tively nascent without a unified definition, yet there is consensus
that enhancing economic resilience is crucial for economic
development (Li, 2020; Zhao et al. 2023). Compared to China,
international scholars began studying economic resilience earlier,
with most considering it a prerequisite for urban sustainable
development. Reggiani (2002) introduced resilience into spatial
economics, Briguglio (2008) defined it as an economy’s capacity
to withstand shocks and recover, and Martin (2012) and Simmie
(2010) divided it into four dimensions: resistance, recovery,
adaptability, and re-innovation—a perspective widely accepted by
scholars globally and serving as a reference for this study’s
measurement of economic resilience. However, some scholars
have used the sensitivity index method to quantify economic
resilience (Klimek et al. 2019). Notably, research on new quality
productive forces is still in its early stages. Scholars have
attempted to interpret its connotation from various angles: the
“new” aspect refers to new economic models, emerging formats,
and innovative development paradigms under the new techno-
logical revolution; the “quality” aspect emphasizes innovation-
driven productivity as the core, marking a qualitative leap in
productive forces (Sun and Guo, 2024; Xu, 2024). Based on this
understanding, some scholars have constructed indicator systems
from dimensions such as technological innovation and industrial
upgrading (Li et al., 2024; Shao et al., 2024), while others have
focused on the constituent elements of traditional productive
forces. They argue that accelerating the development of new
quality productive forces requires optimizing the trinity of
laborers, means of labor, and objects of labor to surpass tradi-
tional productive forces (Zhou and Xu, 2023; Wang, 2024).
Consequently, many scholars have built new quality productive
forces indicator systems based on these three dimensions (Wang
and Guo, 2024; Zhu et al. 2024a; Pu and Xiang, 2024; Zhang et al.
2024). This study draws on the indicator construction
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frameworks of Zhang et al. (2024), Liu and He (2024), and Qin
and Chen (2025) to develop its own indicator system.

However, current research exploring the relationship among
FDI quality, new quality productive forces, and economic resi-
lience remains limited. Most studies focus solely on the impact of
FDI quality on economic resilience, or separately examine FDI
quality’s effect on new quality productive forces and new quality
productive forces’ influence on economic resilience. First,
regarding FDI’s direct impact on economic resilience, academic
consensus has yet to be reached. Proponents argue that FDI
enhances economic resilience (Zhu et al., 2022), while opponents
suggest potential negative effects (Qiu et al, 2021; Jin, 2019). The
study by Alfaro and Charlton (2007) is particularly significant,
challenging the assumption that all FDI has uniform effects on
economic growth and proposing that sectoral heterogeneity and
technological content are key factors influencing host country
growth. Evidently, FDI’s impact on economic resilience varies
considerably across regions and time periods. Furthermore, many
scholars have moved beyond examining FDI’s direct effects on
economic resilience to explore complex mechanisms through
which it indirectly influences resilience. Two primary indirect
effects have been identified: (1) mediation effects, where most
scholars argue that FDI promotes economic growth through
mediators, such as economic growth, trade openness, innovation
levels, and human capital (Martini, 2020; Branstetter et al. 2021);
and (2) moderation effects, where scholars posit that FDI influ-
ences economic development through moderating variables such
as environmental regulations and information and communica-
tion technology (Zhu et al. 2022). Second, concerning the rela-
tionship between FDI quality and new quality productive forces,
some scholars note that in countries with weak intellectual
property protection, foreign firms tend to engage in technology
blockade (Kanval et al. 2024), potentially hindering total factor
productivity growth (Asif and Lahir, 2021; Branstetter et al. 2021;
Bitzer and Kerekes, 2008). Others hold opposing views, arguing
that FDI significantly promotes total factor productivity growth
(Ahmed and Kialashaki, 2023; Tao, 2021). Research in the Chi-
nese context reflects similar divergences: Li and Wang (2019)
found that FDI quality enhances green total factor productivity
but with regional variations, while Zhang and Tang (2022)
revealed a complex nonlinear relationship between the two.
Finally, research on new quality productive forces and economic
resilience remains in its infancy. Scholars such as Ren and Dou
(2024) and Shi et al. (2024) have theoretically demonstrated the
positive role of new quality productive forces in economic resi-
lience. Although empirical studies by Dong and Wang (2024) and
Li (2024) have confirmed this positive effect, empirical research in
this area remains insufficient. Thus, this study aims to partially
address this empirical gap.

Furthermore, scholars both domestically and internationally
have long incorporated spatial dimensions into the FDI research
framework, generally agreeing that FDI can generate both intra-
regional and inter-regional spillover effects (Ye et al. 2023; Xie
et al. 2023; Jiang, 2014; Driffield and Love, 2010; Zhu et al. 2022),
though research conclusions show certain divergences. The
mainstream view holds that FDI exhibits positive spatial spillover
effects, yet findings vary across different sample studies (Wen,
2022). Meanwhile, research on the spatial effects of economic
resilience has reached relative maturity, with study scales span-
ning provincial, regional, municipal, and even county levels,
covering fields such as digital economy, financial development,
and technological innovation (Xia et al. 2024; Tan and Hai, 2024).
These studies consistently reveal significant spatial agglomeration
characteristics in China’s economic resilience levels. Against the
backdrop of FDI development models shifting from “quantity” to
“quality,” research on the spatial spillover effects of FDI quality

remains virtually nonexistent. Particularly in the specialized area
of FDI quality’s spatial spillover effects on economic resilience,
studies are even scarcer. Some scholars have confirmed that FDI
can not only promote local economic development but also drive
growth in neighboring regions (Zhang, 2018), while Pan and
Wei’s (2018) research found FDI’s positive spillover effects on
economic growth to be less robust. Notably, an increasing
number of studies indicate that FDI’s impact on regional
economies exhibits nonlinear characteristics (Lu et al. 2017).
Zhang et al. (2024) discovered a dual-threshold effect between
FDI spillovers and real economic growth based on regional
financial strength, and Ke and Lai (2021) further confirmed that
FDI’s spillover effects on surrounding areas also demonstrate
nonlinear features. These findings provide important insights for
this study’s in-depth examination of FDI quality’s spatial spillover
effects on economic resilience. A thorough exploration of this
issue will not only fill existing research gaps but also provide
theoretical support for promoting deeper integration between
FDI and high-quality economic development.

Based on the above analysis, this study makes three principal
contributions to the literature: First, it addresses the prevalent
oversight of municipal-level analysis in existing research on FDI
quality, new quality productive forces (NQPF), and economic
resilience by conducting a comprehensive assessment across 41
cities in the Yangtze River Delta region, thereby identifying cri-
tical development trends and deficiencies at this granular level.
Second, building upon policy directives and incorporating
insights from established scholars (Zhang et al. 2024; Qin and
Chen, 2025), we pioneer a novel tripartite NQPF evaluation
framework that systematically examines “high-caliber” labor
forces, “next-generation” production tools, and “advanced-
material” labor inputs, significantly expanding the methodologi-
cal approaches to NQPF measurement. Third, through dual
temporal and spatial analyses, we not only elucidate FDI quality’s
direct and spillover effects on economic resilience but also
innovatively establish NQPF’s pivotal mediating role in the “FDI
quality→NQPF→ economic resilience” transmission mechan-
ism, yielding spatially-sensitive policy recommendations for
enhancing regional integration in the Yangtze River Delta.

Mechanism analysis and research hypotheses
Analysis of the impact of FDI quality on economic resilience.
The economic development of the Yangtze River Delta region
exhibits distinct stage-specific characteristics. During the initial
development phase, while low-quality FDI facilitated rapid capital
accumulation and economic expansion in the short term, its long-
term negative effects gradually emerged. Empirical studies
demonstrate that such investments constrained regional devel-
opment through dual channels: first, by creating market
crowding-out effects that compressed domestic firms’ develop-
ment space and led to industrial structure homogenization (Jin,
2019); second, through concentration in energy-intensive indus-
tries, thereby delaying industrial upgrading (Zhu et al. 2024b).
More notably, foreign enterprises frequently implemented tech-
nology blockade strategies to maintain competitive advantages,
stifling the cultivation of indigenous innovation capabilities (Bitze
and Kerekes, 2008). Against the backdrop of increasing global
economic uncertainty, this development model, reliant on low-
end FDI, significantly amplified regional economic vulnerability
(Qiu et al. 2021).

In the subsequent high-quality development stage, the
structural improvement in FDI quality generated remarkable
transformation effects in the Yangtze River Delta. High-quality
FDI not only provided substantial capital inputs (Le, 2024) but,
more importantly, drove technological upgrading in domestic
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enterprises through knowledge spillovers and competition effects
(Driffield and Love, 2010), facilitating deeper regional integration
into global value chains (Lv and Zhao, 2020). This transforma-
tional impact manifested in three dimensions: industrial structure
advancement, innovation system refinement, and risk resilience
enhancement (Martini, 2020). China’s “selective and excellence-
oriented” FDI policy provided institutional support for this
transition through policy innovation, accelerating the region’s
shift toward an innovation-driven development model.

Based on the above analysis, this paper proposes Hypothesis 1:
The quality of FDI has a nonlinear impact on economic resilience.

Analysis of the impact mechanism of FDI quality on economic
resilience through new quality productivity forces. Prior studies
have primarily explored how FDI quality influences economic
resilience through new quality productivity forces via three
pathways: highly qualified workers, new material quality labor
object, and new media of labor materials.

First, the most salient manifestation of high-quality laborers
lies in the enhancement of human capital quality. From the
human capital enhancement perspective, early-stage FDI
addressed China’s capital shortages, improved infrastructure,
upgraded industrial structures, and enhanced capital market
liquidity, absorbing abundant labor and raising living standards.
Concurrently, FDI introduced advanced technologies and man-
agerial expertise, catalyzing technological innovation and indus-
trial upgrading in domestic firms. However, rising labor costs due
to improved living standards created a “supply-demand”
mismatch between low-quality FDI and high-skilled labor,
hindering human capital development. Thus, the technology
spillover effects of FDI are contingent on human capital
thresholds (Asif and Lahiri, 2021), necessitating alignment
between high-quality FDI and skilled labor to sustain economic
growth. Human capital also stabilizes domestic demand through
consumption capacity during both economic resistance and
recovery phases, mitigating external shocks and revitalizing
economic systems (Bitzer and Kerekes, 2008). Recent trends
show that high-quality FDI, particularly in emerging technolo-
gies, attracts and cultivates high-skilled talent (Saha, 2024),

driving structural optimization and enhancing recovery capacity
and developmental resilience.

Second, the fundamental characteristic of new-material objects
of labor resides in industrial structure adjustment, namely the
establishment of a modern industrial system. From the perspective
of building a modern industrial system, neoclassical growth
models posit that capital accumulation drives economic growth
and industrial transformation. FDI historically addressed China’s
“foreign exchange” and “savings gaps,” facilitating factor mobility
and enhancing economic resilience. As China transitions to an
intensive growth model, high-quality FDI becomes imperative.
Technology spillovers elevate productivity in tertiary industries,
fostering structural optimization and creating a virtuous cycle.
Historically, FDI concentration in manufacturing exacerbated
industrial imbalances. However, with emerging technologies, high-
quality FDI increasingly flows into high-potential, low-energy-
consumption sectors, where foreign firms demonstrate superior
productivity (Thuy and Dung, 2023). This forces domestic firms
to upgrade (Yin, 2023), accelerating industrial restructuring and
modern industrial system development.

Third, the most crucial aspect of new media means of labor is
the advancement of innovation capacity. Regarding innovation-
driven growth, high-quality FDI targets emerging industries,
cultivates talent, and acquires core technologies (Branstetter et al.
2021). While potentially crowding out domestic firms, it also
stimulates indigenous innovation, fostering original and disrup-
tive technological breakthroughs (Le, 2024). High-quality FDI
attracts capital inflows, enriching China’s “resource pool of
production factors” (Bitzer and Kerekes, 2008). Innovation
reshapes production modes, with data-driven processes replacing
traditional inputs, enhancing efficiency, and reducing costs. This
creates a positive feedback loop: high-quality FDI spurs
innovation, which in turn attracts more advanced FDI, sustaining
economic development and resilience.

In summary, high-quality FDI enhances economic resilience by
elevating new quality productivity forces, whereas low-quality
FDI suppresses both. The interplay among FDI quality, new
quality productivity forces, and economic resilience is illustrated
in Fig. 1.

Fig. 1 Mechanism diagram of the effects of FDI quality, new quality productivity forces, and economic resilience.
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Based on this analysis, we propose Hypothesis 2.
Hypothesis 2: FDI quality can affect the level of economic

resilience through new quality productivity as an intermediary
between new quality productivity forces.

Spatial spillover effects of FDI quality on economic resilience.
The spatial agglomeration of FDI not only influences local factor
allocation but also reshapes economic resilience in neighboring
regions through cross-regional factor mobility and knowledge
spillovers. This process exhibits nonlinear complexity: FDI con-
centration in one region alters the composition of labor, capital,
and other factors in adjacent areas, thereby affecting their pro-
ductivity and economic resilience. First, FDI generates factor
reallocation effects and technology spillover effects. Initial FDI
inflows drive capital accumulation and technology transfer (Qiu et
al. 2021; Lv and Zhao, 2020), reshaping regional factor allocation.
This dynamic is dualistic: (1) FDI may disrupt local industrial
ecosystems, prompting domestic firms to relocate to neighboring
regions and facilitating industrial spillover; (2) competitive pres-
sures from FDI incentivize local firms to enhance productivity
(Ahmed and Kialashaki, 2023), while industrial linkages foster
collaborative regional development, creating a synergistic virtuous
cycle (Lv and Hu, 2022). Second, FDI’s impacts are stage-
dependent. As regional economies develop, FDI’s effects evolve:
(1) resource siphon effects emerge, where core regions attract
high-quality factors from peripheral areas; (2) the marginal ben-
efits of technology spillovers diminish once local firms’ techno-
logical absorptive capacity reaches a threshold (2024).

Based on this analysis, we propose Hypothesis 3.
Hypothesis 3: FDI exerts nonlinear spatial spillover effects on

economic resilience.

Metric systems, model building, and data sources
Construction of the indicator system
Explanatory variable. Building on the preceding analysis, this
study argues that the foreign capital performance index alone
inadequately reflects actual FDI quality. Drawing on the indicator
systems and methodologies developed by Bai and Lv (2015),
Zhang and Tang (2022), and Liu and Zhan (2024), and incor-
porating considerations of data rationality and availability at the
municipal level, we construct a multidimensional FDI quality
measurement framework. This framework evaluates FDI quality
across three dimensions: average scale, technological sophistica-
tion, and profitability. The specific indicators selected for each
dimension are detailed in Table 1.

Mediating variable. Current research lacks a unified framework for
measuring new quality productive forces. To ensure multi-
dimensional representation, this study draws on the indicator systems
developed by Zhang et al. (2024) and Qin and Chen (2025).
Grounded in the conceptual framework of new quality productive
forces—which emphasizes the synergistic advancement of labor force,
means of labor, and objects of labor—we construct a hierarchical
measurement system. This system comprises three secondary indi-
cators: (1) a high-caliber labor force, (2) innovative means of labor,
and (3) advanced objects of labor. These are further disaggregated

into 10 tertiary indicators (e.g., labor force foundation, worker
awareness, labor productivity, economic environment) and 18 qua-
ternary indicators (e.g., educational attainment, human capital
structure, employment mindset), supported by quantifiable metrics.
The specific measurement indicators are detailed in Table 2.

Explained variable. Prior analyses of economic resilience highlight
the objectivity and comprehensiveness of indicator-based mea-
surement systems. Accordingly, this study adopts a scientifically
rigorous, theoretically relevant, and data-driven approach to
construct an urban economic resilience measurement framework.
Building on methodologies from Martin (2012), Wang and Ge
(2023), and Hou et al. (2023), we develop a multidimensional
indicator system structured around three dimensions: resistance
capacity, recovery capacity, and innovation capacity. These
dimensions are operationalized through nine tertiary indicators
(e.g., industrial diversification, fiscal stability, technological
adaptation), with specific metrics detailed in Table 3.

Control variables. Drawing on existing literature and aligned with
the research focus, this study selects five control variables: societal
employment level (SEL) (Li and Wang, 2019), government support
level (GOV) (Hu and Xu, 2020; Li and Wang, 2019), financial
development level (FIN) (Li and Wang, 2019), urbanization level
(URB) (Wang et al. 2024), and marketization level (MAR) (Wang
and Fan, 2019; Xu and Wang, 2024; Xu et al. 2023). The rationale for
these variables and their operationalization, including specific indi-
cator definitions and data sources, is comprehensively outlined in the
variable table (Table 4).

Model setting
Dynamic relationship testing model construction. Considering
data availability and representativeness, this study utilizes panel
data from 41 cities in the Yangtze River Delta region spanning
2009–2022 to construct a two-way fixed effects model examining
the relationships among FDI quality, new quality productive
forces (NQPF), and economic resilience. To investigate potential
nonlinear effects of FDI quality on both NQPF and economic
resilience, as well as to test the mediating role of NQPF, we
incorporate a quadratic term for FDI quality. For mediation
analysis, we employ the three-step causal procedure (Wen, 2014)
through a nonlinear mediation model specification as follows:

ERit ¼ α0 þ α1QFDIit þ α2QFDIit
2 þ ∑

n

j¼1
α3Controlit þ ui þ vt þ εit

ð1Þ

NQPFit ¼ β0 þ β1QFDIit þ β2QFDIit
2 þ ∑

n

j¼1
β3Controlit þ ui þ vt þ εit

ð2Þ

ERit ¼ θ0 þ θ1QFDIit þ θ2QFDIit
2 þ θ3NQPFit

þ ∑
n

j¼1
θ4Controlit þ ui þ vt þ εit

ð3Þ

The interpretation of each variable remains the same as
previously discussed and will not be repeated here. In the

Table 1 FDI quality index system.

Primary indicators Secondary indicators Tertiary indicators

FDI quality (QFDI) FDI average size Total utilized foreign capital/number of foreign-invested enterprises
FDI technology level Actual utilization of foreign capital/investment in fixed assets
FDI profitability The total profits of foreign-invested industrial enterprises/the total profits of industrial enterprises above a

designated size
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above equation, α1 represents the total effect of FDI quality on
economic resilience, θ1 represents the direct effect of FDI
quality on economic resilience in the context of the mediator
variable, β1, θ3 represent the mediation effects. The mediation
effect is established only when both β1 and θ3 are significant.

When α1 is significant, if both β1 and θ3 are significant, it
indicates partial mediation; if θ3 is significant but β1 is not, it
suggests full mediation. The mediation effect is further verified
using the Sobel test, and the mediation effect value is
calculated as the product of β1 and θ3. The proportion of the

Table 2 New quality productivity forces measurement index system.

Primary indicators Secondary indicators Tertiary indicators Quaternary indicators Quinary indicators

New quality productivity
(NQPF)

High qualified workers Labor quality Education level Average number of years of schooling per
capita

Human capital structure Number of students in higher education/
total population

Worker consciousness Employment concept Proportion of employees in the primary
industry
Proportion of employees in the secondary
industry
Proportion of employees in the tertiary
industry

Labor productivity Output value of labor All-personnel labor productivity
per capita income Per capita income of urban residents

New material quality
labor object

Economic environment Macroeconomic growth GDP rate of rise
Household consumption
level

Per capita consumption expenditure of
urban residents

Ecological environment greens environmental
protection

Green area
Crop sown area

Pollutant emissions Wastewater discharge
Exhaust emissions

Open environment Foreign trade
dependence

Total imports and exports/GDP

Industry development
environment

Industrial structure The proportion of primary industry
The proportion of secondary industry
The proportion of tertiary industry

Emerging industries The output value of high-tech enterprises
New media of labor
materials

Infrastructure Traditional
infrastructure level

Highway mileage
Number of beds in the health facility

Digital infrastructure
level

Number of Internet users

Energy consumption Energy consumption
level

Energy consumption per unit of GDP

Electricity for the whole
society

Power consumption per unit of GDP

Technological innovation Innovation investment Number of scientific research and service
personnel
R&D appropriation expenditure

Innovative output The number of enterprise units above the
plan
Number of patents authorized

Table 3 Economic resilience indicator system.

Primary indicators Secondary
indicators

Tertiary indicators Quaternary indicators

Economic
resilience (ER)

Resistance Economic development level Per capita GDP
Residential leverage ratio Loan balance of financial institutions / deposit balance of financial

institutions
Social security level Minimum number of living allowances

Recovery Household consumption
level

Consumption level of urban residents / consumption level of rural residents

Fiscal self-sufficiency Fiscal revenue/fiscal expenditure
market size Total retail sales of social consumer goods

Innovation Advanced industrial
structure

Proportion of output value of primary industry*1+ proportion of output value
of secondary industry*2+ proportion of output value of tertiary industry*3

Education development level Education expenditure accounts for fiscal expenditure
Development level of
industrial enterprises

Industrial total output value above the plan
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mediation effect is then derived by dividing the mediation
effect by the total effect.

Moran’s index model. Exploratory spatial data analysis (ESDA)
measures spatial autocorrelation to examine spatial dependence,
heterogeneity, and association patterns of variables within a study
area (Hua et al. 2021; Feng et al. 2021). This framework
encompasses both global and local autocorrelation analyses.
When positive spatial autocorrelation exists, variables exhibit
clustered distribution patterns; conversely, variables display ran-
dom spatial distributions in the absence of spatial autocorrelation.
Global autocorrelation analysis quantifies the average spatial
correlation and differentiation of a variable across the entire
region. The Moran’s I index is calculated as follows:

I ¼
∑n

i¼1 ∑
n
j¼1 wijðxi � �xÞðxj � �xÞ
s2 ∑n

i¼1 ∑
n
j¼1 wij

ð4Þ

In the equation,S2 ¼ 1
n∑

n
i¼1 ðXi � �XÞ2, �X ¼ 1

n∑
n
i¼1Xi, n denotes

the number of observations, corresponding to the 41 cities in the
Yangtze River Delta. xi and xj represent the attribute values (FDI
quality, economic resilience) of regions ii and jj, respectively. Wij

is the spatial weight matrix. In this paper, the economic distance
matrix, the geographical distance matrix, and the economic
distance nested matrix are selected. Following Lv and Hu (2022),
this study employs economic distance matrices and nested
geographic-economic distance matrices. The Global Moran’s
Index ranges from −1 to 1. A negative index value with a
significant Z-value (Z ¼ ½I� EðIÞ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

VARðIÞ
p

) indicates spatial
negative correlation of green finance among provinces, while a
positive index value with a significant Z-value indicates spatial
positive correlation.

Spatial econometric panel model. Within the framework of
spatial economics, this study employs a spatial econometric panel
model to identify the spatial spillover effects of FDI quality on
economic resilience. The spatial Durbin model (SDM) is initially
hypothesized as the optimal specification16, with final model
selection contingent on subsequent diagnostic tests (Song et al.
2025). The baseline SDM formulation is expressed as

ERit ¼ αþ β1QFDIi;t þ β2QFDI
2
i;t þ γXcontrol þ ρ∑

n

j
WijERit þ σ1 ∑

n

j
WijQFDIi;t

þ σ2 ∑
n

j
WijQFDI

2
i;t þ δ∑

n

j
WijX

control

þ uit þ vit þ εit ϵit ¼ γ∑
n

j
Wijϵit þ σit

ð5Þ
In the spatial econometric model, letERi;t;QFDIi;t and

ERi;tþ1;QFDIi;tþ1 respectively represent the FDI quality and
economic resilience level of city i during the t and t+ 1 periods,
and this article introduces the quadratic term of QFDI in Eq. (2),
where Control is a series of control variables that affect each
variable. The model includes control variables measured as
follows: social employment level (SEL), government support
(GOV), financial development (FIN), urbanization rate (URB),
and marketization level (MAR), with detailed metrics provided in

Table 4. σ and ρ, respectively, represent the impact of foreign
direct investment quality and the economic resilience level of
neighboring cities on the economic resilience level of the city, and
ρ is also known as the spatial correlation coefficient. Other
as above.

Data sources. Considering the availability, continuity, and com-
parability of city-level indicators, this study selects 41 cities in the
YRD region as the research subjects, using panel data from 2009
to 2022. Primary data were sourced from statistical yearbooks,
social development bulletins, various databases, and relevant
government documents of the provinces and cities in the YRD.
Missing data were addressed through interpolation and trend
extrapolation methods.

Analysis of the development level and distribution pattern of
FDI quality, new quality productivity forces, and economic
resilience
This paper calculates the comprehensive level values of FDI
quality, new quality productivity, and economic resilience for
each city from 2009 to 2022 based on the entropy weight method.
To analyze temporal variations, the sample was stratified by
province, and trend charts were created to illustrate changes in
these variables across cities in Shanghai, Zhejiang, Jiangsu, and
Anhui. These charts demonstrate the cities’ dynamic evolution.
Furthermore, ArcGIS10.1 software and the natural breaks method
were utilized to categorize each variable into five grades: High,
Medium–high, Medium, Medium–low, and Low. Figures 3, 5,
and 7 illustrate the spatial distribution pattern of FDI quality, new
quality productivity forces, and economic resilience, respectively.

Analysis of FDI quality levels and distribution patterns.
Between 2009 and 2022, the Yangtze River Delta (YRD) region
exhibited significant disparities in FDI quality across its cities,
revealing pronounced developmental imbalances (Fig. 2). Eco-
nomically disadvantaged cities experienced persistent declines in
FDI attraction capacity, while only select developed cities showed
consistent improvement, with most displaying fluctuating pat-
terns that indicated vulnerability to both external shocks and
internal weaknesses. Spatially, FDI quality demonstrated clear
agglomeration characteristics without significant leapfrogging
effects, suggesting structural constraints in quality enhancement,
while maintaining a stable geographical hierarchy where eastern
cities outperformed western counterparts, northern cities sur-
passed southern ones, and northeastern areas led southwestern
zones, with Shanghai maintaining undisputed leadership (Fig. 3)
and Jiangsu Province consistently ranking above Zhejiang and
Anhui. These patterns can be attributed to three key factors: the
dual concentration effect in core cities (Shanghai, Hangzhou,
Suzhou) where advanced industrial ecosystems and favorable
business environments attract both high-value FDI and skilled
labor; technological absorption constraints in peripheral cities
where local firms often lack capacity to effectively assimilate
foreign knowledge spillovers; and regulatory fragmentation across

Table 4 Control variable.

Primary indicators Secondary indicators Tertiary indicators

Control variable
(Control)

Employment level of the whole society (SEL) Number of employed population/permanent resident population at the end of the
year

Government support level (GOV) General public service expenditure/GDP
Financial development level (FIN) Balance of deposits and loans of financial institutions/GDP
Urbanization level (URB) Urban population/permanent resident population at the end of the year
Marketization level (MAR) Marketization index
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provincial boundaries, particularly in FDI access rules and
environmental standards, that creates barriers to factor mobility
within the “three-province–one-municipality” framework.

Analysis of new quality productivity forces levels and dis-
tribution patterns. From 2009 to 2022, the Yangtze River Delta
region experienced a significant upward trend in new quality
productivity forces (Fig. 4). Leading cities such as Shanghai,
Hangzhou, Ningbo, Nanjing, Suzhou, and Hefei stood out, while
other cities showed more even, but slower progress. These leading
cities, benefiting from substantial capital, advanced technology,
and extensive market experience, were at the forefront of new
quality productivity forces, with Shanghai, Nanjing, and Hang-
zhou consistently ranking among the top three. In contrast, other
cities, constrained by limited resources and homogeneous
industrial structures, exhibited fluctuating increases in new
quality productivity forces, without any standout performers.
Spatially, the levels of new quality productivity forces in cities
across the Yangtze River Delta continued to rise, though with
notable regional disparities. Interestingly, in 2009, Anhui Pro-
vince outperformed Zhejiang and Jiangsu in terms of new quality
productivity forces (Fig. 5). However, over the following decade,
Jiangsu and Zhejiang gradually surpassed Anhui, leading to a
clear spatial agglomeration pattern, with higher levels in the east
compared to the west.

Analysis of economic resilience levels and distribution pat-
terns. From a developmental perspective, the economic resilience
of cities in the Yangtze River Delta region showed fluctuations but
generally increased between 2009 and 2022 (Fig. 6). Significant
improvements were observed in cities like Shanghai, Hangzhou,
Ningbo, Nanjing, Wuxi, Suzhou, and Hefei. These cities
demonstrate high economic resilience, driven by well-developed
market conditions, robust economic strength, and effective
industrial complementarity policies, which enable them to
quickly restore economic stability after shocks. While other cities

also exhibited growth in resilience, they still lagged behind the
“leading cities.” Spatially, economic resilience varied significantly
across the region, with a stepwise decline from east to west.
Notably, Anhui lagged behind Zhejiang and Jiangsu due to their
siphon effect, limiting its resource attraction and exacerbating its
low resilience (Fig. 7). In the context of high-quality economic
development, governments must prioritize catch-up strategies for
lagging cities and explore leading cities’ potential to drive sur-
rounding area growth, fostering balanced and coordinated
regional economic development.

Our analysis reveals systematic linkages between FDI quality,
new-quality productive forces, and regional economic resilience
in the Yangtze River Delta (2009–2022), characterized by
persistent east-west and north–south developmental gradients.
Metropolitan centers—particularly Shanghai, Hangzhou, and
Nanjing—developed synergistic relationships where high-quality
FDI inflows stimulated NQPF advancement, which in turn
strengthened economic resilience through technology diffusion
and industrial upgrading. In contrast, non-core regions like
Anhui Province experienced deteriorating competitiveness as
constrained absorptive capacities prevented effective utilization of
foreign investment, leading to NQPF stagnation. Two key
mechanisms emerged: first, spatial FDI inequalities amplified
existing NQPF disparities through differential knowledge spil-
lovers; second, the uneven geography of innovation inputs
widened core-periphery resilience gaps. These insights advance
theoretical understanding of regional development dynamics and
inform subsequent empirical investigations.

Empirical study on the dynamic relationship between FDI
quality, new quality productivity forces, and economic
resilience
Analysis of the impact of FDI quality on economic resilience.
Based on the preceding mechanism analysis, we first examine the
impact of FDI quality on economic resilience. Regression is
conducted using linear and nonlinear two-way fixed-effects panel

Fig. 2 Trend of FDI quality level in cities in the Yangtze River Delta.
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models, with the results presented in Table 5. Model (1) displays
the linear panel regression results, showing that FDI quality has a
significant negative impact on economic resilience. Model (2)
presents the nonlinear fixed-effects panel regression results after
incorporating a quadratic term. In Model (2), the coefficient of
FDI quality is significantly negative, while the quadratic term is
significantly positive, indicating a significant U-shaped relation-
ship between FDI and economic resilience. A possible explana-
tion is that, with China’s economic development, the
indiscriminate influx of low-quality FDI fails to align with the
demands of high-quality economic growth, while also crowding
out domestic firms’ market share. On one hand, this compresses
innovation space for enterprises in the Yangtze River Delta region
and threatens the survival of SMEs (Ye and Fan, 2023), forcing
some local firms to exit the market, thereby hindering improve-
ments in local labor productivity and New Quality Productivity
Forces, while reducing industrial diversity. On the other hand, the
resource competition effect manifests in talent drain (due to
higher wages offered by foreign firms) and preferential land
policies (Saha, 2024). However, with the introduction of policies
optimizing FDI and China’s economic transformation, FDI has
gradually shifted from low to high quality. High-quality FDI

facilitates technology spillovers, enabling domestic firms to
absorb advanced know-how through talent circulation (Jin et al.
2019). Additionally, institutional demonstration effects drive
reforms in the business environment. For instance, after adopting
international certification standards introduced via FDI, firms in
the Yangtze River Delta improved compliance efficiency by 37%.
These changes enhance economic stability and, consequently,
economic resilience.

To further validate the U-shaped relationship, a U-test was
conducted. The results show a T-value of 3.61 and a P-value of
0.0002, significant at the 1% level. The inflection point is 0.2957,
located on the left side of the value range [0.0254, 0.6504],
indicating that FDI quality has already passed the turning point
and will promote economic resilience in the future. This confirms
a significant U-shaped (or non-linear) relationship between FDI
quality and economic resilience. Further slope analysis reveals a
negative left slope (−0.2357) and a positive right slope (0.3093),
reinforcing the U-shaped trend—where FDI quality initially
suppresses and later enhances economic resilience. Based on this,
the nonlinear model is selected, supporting Hypothesis 1.

Regarding control variables, most align with expectations. In
Model (4), the employment level coefficient is positive at the 10%

Fig. 3 Spatial distribution pattern of FDI quality level. a–d Represent the spatial distribution pattern of FDI quality in 2009, 2013, 2018, and 2022,
respectively.
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significance level, suggesting that higher employment improves
economic resilience. Government intervention shows a signifi-
cantly negative coefficient, implying excessive involvement
hinders resilience. Financial development, urbanization, and
marketization levels are all significantly positive, indicating that
a robust financial sector, urban growth, and market vitality
enhance urban economic resilience.

Analysis of the impact of new quality productivity forces on
economic resilience. Before conducting the mediation effect test,
it is necessary to examine the impact of FDI quality on new
quality productivity forces and the effect of new quality pro-
ductivity forces on economic resilience. Regression analyses were
performed using linear and nonlinear two-way fixed-effects panel
models sequentially, with results presented in Table 6. Model (3)
displays linear panel regression outcomes, indicating a positive
yet statistically insignificant effect of FDI quality on New Quality
Productivity Forces. Model (4) incorporates quadratic terms in
the nonlinear fixed-effects specification; the significantly negative
coefficient of FDI quality and significantly positive coefficient of
its quadratic term, combined with the U-test results from the
previous section, confirm a U-shaped relationship between FDI
and New Quality Productivity Forces.

Subsequent empirical analysis focuses on the impact of new
quality productivity forces on economic resilience. Both linear
and nonlinear two-way fixed-effects models were employed, with
regression outcomes shown in Models (5) and (6) of Table 9.
Model (5) exhibits excellent explanatory power, revealing a
significant positive linear relationship: a one-unit increase in New
Quality Productivity Forces enhances economic resilience by
0.424 units. Model (6) demonstrates an insignificant positive
coefficient for the linear term of New Quality Productivity Forces
but a significantly positive quadratic term. This violates the
prerequisite of opposite signs for U-shaped relationships,
confirming the primary linear effect. The underlying mechanism
lies in the new quality productivity forces’ role as fundamental

drivers of social development, encompassing advanced labor
forces, innovative production materials, and optimized labor
processes that permeate all phases of economic resilience
(resistance, recovery, adaptation, and transformation). Specifi-
cally, high-skilled workers exhibit strong knowledge accumula-
tion and executive capabilities to adapt to rapid economic
changes; novel production materials stimulate new growth
momentum (Shi and Xu, 2024); and optimized labor processes
enable swift crisis responses and effective economic restoration
strategies (Xu et al. 2025).

Regarding the control variables in Model (5), the impacts of
government support level, financial development level, and
urbanization level on economic resilience are generally consistent
with those in Model (4). Specifically, government support shows a
significantly negative effect on economic resilience, while both
financial development and urbanization demonstrate positive
effects, with urbanization exhibiting a more pronounced
promoting effect. Employment rate and marketization level
display insignificant and significant negative impacts, respec-
tively, potentially due to threshold effects in the Yangtze River
Delta region, where current market development has not reached
the level required to enhance economic resilience. However,
future improvements in marketization driven by New Quality
Productivity Forces may eventually positively influence economic
resilience.

Based on the benchmark regression analysis, the results
indicate that FDI quality has a significant U-shaped impact on
both new quality productivity forces and economic resilience,
while new quality productivity forces positively influence
economic resilience. This suggests that new quality productivity
forces may act as a mediating variable in the relationship between
FDI quality and economic resilience. To further investigate this
pathway, the analysis incorporates new quality productivity forces
and FDI quality into the model for testing the mediation effect in
a nonlinear context. The mediation effect test results are
presented in Table 7. Model (9) shows the results after
introducing the mediating variable. The coefficient of the linear

Fig. 4 Trend of new quality productivity level in cities in the Yangtze River Delta.
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term of FDI quality is significantly negative, indicating that the
total effect of FDI quality on economic resilience is significantly
negative, with a coefficient of −0.258. Specifically, a one-unit
increase in FDI quality leads to a 0.258-unit decrease in economic
resilience at the 1% significance level. The coefficient of the
quadratic term is significantly positive, confirming a U-shaped
relationship between FDI quality and economic resilience. The
coefficient of FDI quality on new quality productivity forces is
−0.088 (significant at the 5% level), suggesting a negative impact
of FDI quality on new quality productivity forces. The quadratic
term of FDI quality is also significantly positive, further
confirming the U-shaped relationship between FDI quality and
new quality productivity forces. Notably, the absolute value of the
linear term’s coefficient in Model (9) is significantly smaller than
in Model (7), but it remains negative, indicating that the direct
effect is still negative, albeit weaker. The coefficient of new quality
productivity forces is 0.530 (significant at the 1% level), showing a
significant positive effect on economic resilience. This suggests
that FDI quality can promote urban economic resilience through
new quality productivity forces, with the mediation effect
quantified at −0.088*0.530=−0.046, accounting for 17.99% of

the total effect. To verify the stability and reliability of this
mediation effect, the Sobel test was conducted for the mediating
variable. The results of the Sobel test show that Z= 2.464 and
P= 0.014, which is significant at the 5% level. Since the statistic is
greater than the critical value, the mediation effect is robust,
confirming that FDI quality promotes economic resilience
through new quality productivity forces. Thus, Hypothesis 2 is
supported.

Robustness test and endogeneity test
Endogeneity test. Existing studies suggest that regions with higher
economic resilience are more likely to attract FDI, necessitating
endogeneity testing. Terrain ruggedness influences FDI, as areas
with higher ruggedness typically have lower transportation den-
sity and higher development costs, discouraging FDI inflows.
Thus, terrain ruggedness, an inherent geographical feature,
exhibits a strong correlation with FDI. As it remains largely
unchanged over time and does not directly affect productivity
through other channels, it satisfies the exogeneity assumption for
instrumental variables (IVs). Therefore, this study selects terrain

Fig. 5 Spatial distribution pattern of new quality productivity forces. a–d Represent the spatial distribution pattern of new quality productivity forces in
2009, 2013, 2018, and 2022, respectively.
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ruggedness as one IV. Given the inclusion of both QFDI and
QFDI2 as independent variables, the distance to the nearest port
is chosen as another IV. Ports, as key hubs for international trade
and investment, enhance transportation efficiency, reduce costs,
and improve market accessibility, attracting more FDI. The dis-
tance to the nearest port, a historically determined geographical
variable, is unrelated to economic resilience, ensuring its exo-
geneity. Since both IVs are time-invariant, they are interacted
with year-fixed effects before being incorporated into the model.
The results (Table 8) show that the core explanatory variables
remain robust after IV inclusion, addressing endogeneity con-
cerns for Hypotheses 1 and 3.

Robustness test
Exclusion of special samples. To verify result robustness, we
excluded Shanghai (a municipality directly under the central
government) and re-ran the nonlinear mediation tests. As Table 9
shows, with sample size reduced from 574 to 560, the coefficients
of FDI quality (linear/quadratic terms) and new-quality produc-
tive forces remained stable, maintaining significant mediation
effects at the 10% level.

Lagged effect. To address potential lag effects of FDI quality on
economic resilience, we conducted lagged-period regressions
(N= 533 vs. original 574). Table 9 shows all core explanatory and
mediating variables remain significant at 1% level with robust
mediation effects, further confirming our findings’ reliability.

Heterogeneity analysis
Regional heterogeneity analysis. Considering the economic
diversity across cities, variations in FDI quality, new quality
productivity forces, and economic resilience inevitably lead to
diverse impacts on economic resilience. To address this, regres-
sion analyses categorized the sample by provincial jurisdictions.
The results (Table 10) indicate a U-shaped relationship between

FDI quality and economic resilience in Zhejiang and Jiangsu, with
an initial inhibitory followed by a promotional effect. In contrast,
Anhui shows a potential inverted U-shaped effect. Mediation tests
reveal full mediation through new quality productivity forces in
Zhejiang and Jiangsu, with insignificant direct but significant
negative indirect effects. In Anhui, both direct and indirect effects
are significantly positive, suggesting partial mediation.

China intensified its opening-up efforts in 2018, further
regulating foreign capital inflows and introducing the “Six
Stabilizations” policy to stabilize key economic areas, posing
new productivity requirements. Samples were divided into
2009–2017 and 2018–2022 periods. Due to temporal linearity,
quadratic terms were excluded. Table 11 shows the significant
negative impact of FDI quality on economic resilience in
2009–2017 and a significant positive impact in 2018–2022,
confirming a U-shaped relationship. Notably, mediation effects
via new quality productivity forces increased significantly from
2018 to 2022.

Analysis of spatial spillover effects
Spatial autocorrelation test. We conducted global Moran’s I index
measurements for the core explanatory variable (FDI quality) and
the dependent variable (economic resilience level) from 2009 to
2022. The results (Table 12) demonstrate that FDI quality showed
statistically significant positive spatial autocorrelation in all years
except 2015. Similarly, economic resilience levels exhibited sig-
nificant positive Moran’s I coefficients throughout the entire
2009–2022 period. These findings indicate the existence of pro-
nounced positive spatial dependence for both FDI quality and
economic resilience across years, with clearly observable spatial
correlation patterns. This spatial interdependence establishes a
solid foundation for subsequent spatial effect analysis.

Model selection. The aforementioned tests confirm significant
spatial correlations among variables. Prior to examining the

Fig. 6 Trend of economic resilience in cities in the Yangtze River Delta.
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spatial effects of FDI quality on economic resilience in the
Yangtze River Delta region, we conducted LM, LR, and Hausman
tests to determine the appropriate spatial model. The LM-lag and
Robust-LM-lag tests assess spatial lag dependence (null hypoth-
esis: no spatial lag effects), while LM-error and Robust-LM-error
tests examine spatial error correlation (null hypothesis: no spatial
error effects). As shown in Table 13, all four tests (LM-error, LM-
lag, R-LM-lag, and R-LM-error) yield statistically significant
positive results, indicating the suitability of the spatial Durbin
model (SDM). Furthermore, the LR-SAR and LR-SEM tests show
significance at the 1% level, confirming that the SDM neither
reduces to SAR nor SEM. Consequently, we selected the SDM for
analysis. The Hausman test, significant at the 1% level, rejects the
null hypothesis, justifying the use of fixed effects for estimation.

Spatial spillover effects analysis. The spatial Durbin model
(Table 14) reveals significant spatial lag effects (ρ), indicating
neighboring regions’ economic resilience influences local resi-
lience. Under the economic distance matrix, the FDI quality’s
linear term shows a significantly negative coefficient, while the
quadratic term is positive, confirming a U-shaped impact on
economic resilience. Notably, the spatial lag term exhibits an
inverted U-shaped relationship (significant at conventional

levels), supporting Hypothesis 3. Initially, improved FDI quality
drives technological spillovers and industrial linkages, optimizing
resource allocation in adjacent areas (Qin et al. 2022). Beyond a
threshold, core cities’ “siphon effect” dominates, causing excessive
outflow of high-end talent and capital due to neighboring cities’
“magnetic field effect” (Chen et al. 2022). Concurrently, widening
technological gaps marginalize local firms in regional competition
(Wang et al. 2017), potentially leading to “industrial lock-in risks”
and over-reliance on external technologies (Zhao et al. 2024).
These dynamics highlight the nonlinear spatial impacts of FDI
quality on economic resilience.

At the same time, in view of the fact that the difference in the
weight matrix may lead to the change of regression, this paper
adjusts the spatial weight matrix and replaces the economic distance
matrix with the geographic distance matrix and the economic
distance nested matrix, and the results show that the coincidence
and significance of the explanatory variables after the transforma-
tion of the matrix are roughly consistent with the previous analysis,
which further proves the robustness of the results.

Discussion
Key Finding. This study investigates the impact of FDI quality on
economic resilience in China’s Yangtze River Delta (2009–2022)

Fig. 7 Spatial distribution pattern of economic resilience. a–d Represent the spatial distribution pattern of economic resilience in 2009, 2013, 2018, and
2022, respectively.
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through temporal and spatial dimensions, alongside the mediat-
ing role of new quality productive forces. Key conclusions are: (1)
FDI quality, new quality productive forces, and economic resi-
lience exhibit significant spatial clustering across cities. FDI
quality shows no clear upward trend and displays intercity/
regional disparities, while new quality productive forces and
economic resilience demonstrate fluctuating growth. Six cities—
Shanghai, Hangzhou, Ningbo, Nanjing, Suzhou, and Hefei—
outperform others, with relatively balanced development in
remaining cities. (2) A U-shaped relationship exists: FDI quality

initially suppresses then enhances new quality productive forces
and economic resilience. New quality productive forces positively
mediate the FDI quality–economic resilience linkage. Regional
analysis shows complete mediation of FDI quality on economic
resilience through new-quality productive forces in Zhejiang and
Jiangsu, while Anhui exhibits partial mediation with an inverted
U-shaped relationship. Temporally, FDI quality negatively
impacted resilience during 2009–2017 but positively during 2018-
2022, with stronger mediation through new-quality productive

Table 6 Results of dynamic relationship benchmark
regression test.

Variable Linear Nonlinear Linear Nonlinear

NQPF (3) NQPF (4) ER (5) ER (6)

QFDI 0.001
(0.06)

−0.088**
(−2.00)

QFDI2 0.206**
(2.53)

NQPF 0.424***
(6.49)

0.047
(0.36)

NQPF2 0.700***
(4.15)

ln SEL 0.070***
(3.31)

0.125***
(5.50)

−0.044
(−1.55)

−0.020*
(−0.75)

ln GOV 0.119***
(5.81)

0.068***
(2.92)

−0.191***
(−4.07)

−0.213***
(−7.94)

ln FIN −0.057***
(−4.70)

−0.002
(−0.16)

0.055***
(3.03)

0.070***
(5.05)

ln URB 0.220***
(3.92)

0.340***
(5.46)

0.172**
(2.14)

0.267***
(3.63)

lnMAR −0.040*
(−1.88)

0.154***
(16.10)

−0.061**
(−2.26)

0.096***
(6.20)

Coefficient 0.381***
(5.17)

−0.301***
(−8.09)

0.284***
(2.79)

−0185***
(−4.01)

Individual fixed Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes
R2 0.9396 0.9168 0.9373 0.9332
N 574 574 574 574
F 135.57*** 118.05*** 244.78*** 156.37***

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.

Table 7 Results of the mediation effect test.

Variable ER (7) NQPF (8) ER (9)

QFDI −0.258***
(−4.66)

−0.088**
(−2.00)

−0.212***
(−4.19)

QFDI2 0.436***
(4.24)

0.206**
(2.53)

0.327***
(3.48)

NQPF 0.530***
(10.55)

lnSEL 0.049*
(1.69)

0.125***
(5.50)

−0.018
(−0.65)

lnGOV −0.175***
(−5.95)

0.068***
(2.92)

−0.210***
(−7.83)

lnFIN 0.060***
(3.87)

-0.002
(-0.16)

0.061***
(4.33)

lnURB 0.448***
(5.68)

0.340***
(5.46)

0.268***
(3.64)

lnMAR 0.153***
(12.63)

0.154***
(16.10)

0.071***
(5.31)

Coefficient −0.305***
(−6.49)

−0.301***
(−8.09)

−0146***
(−3.22)

Individual fixed Yes Yes Yes
Time fixed Yes Yes Yes
R2 0.9192 0.9168 0.9334
N 574 574 574
F 127.39*** 118.05*** 153.22***
Indirect effect −0.046**

(−1.97)
Direct effect −0.212***

(−4.19)
Total effect −0.258***

(−4.66)
Mediator effect ratio (%) 17.99

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.

Table 8 Endogeneity test results.

Inspection items ER NQPF

QFDI −2.549***
(−4.95)

−1.641***
(−3.83)

QFDI2 4.365***
(4.41)

2.855***
(3.63)

Control variables Yes Yes
con 0.766**

(2.37)
0.085
(0.27)

N 574 574
Individual fixed Yes Yes
Time fixed Yes Yes
R2 0.6644 0.7175
Kleibergen–Paap rk LM statistic 25.477*** 23.469***
Cragg–Donald wald F stastic 16.160

(11.58)
12.804
(11.59)

Hansen J statistic 0.983
(0.3215)

1.098
(0.2947)

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.

Table 5 The impact of FDI quality on economic resilience
results.

Variable Linear Nonlinear

ER (1) ER (2)

QFDI −0.044**
(−2.10)

−0.258***
(−4.66)

QFDI2 0.436***
(4.24)

NQPF
NQPF2

ln SEL −0.011
(−0.38)

0.049*
(1.69)

ln GOV −0.135***
(−4.18)

−0.175***
(−5.95)

ln FIN 0.026
(1.56)

0.060***
(3.87)

ln URB 0.283***
(3.67)

0.448***
(5.68)

lnMAR −0.077***
(−2.60)

0.153***
(12.63)

Coefficient 0.454***
(4.49)

−0.305***
(−6.49)

Individual fixed Yes Yes
Time fixed Yes Yes
R2 0.9313 0.9192
N 574 574
F 118.05*** 127.39***

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.
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forces in the latter period. (3) Nonlinear spatial spillover effects
emerge: neighboring regions gain positive spillovers when local
technological absorptive capacity is weak. However, widening
technological gaps, diminishing marginal returns of knowledge
spillovers, and enhanced factor mobility (e.g., improved infra-
structure) shift dominance to siphoning effects over spillovers.
This creates an inverted U-shaped impact of local FDI quality on
neighboring regions’ economic resilience.

Theoretical implications. This study makes three substantive
contributions to the literature on regional economic development.
First, it identifies and empirically validates complex nonlinear
interdependencies between FDI quality, new quality productive
forces, and regional economic resilience, thereby extending con-
ventional understandings of FDI spillover mechanisms. The
analysis demonstrates that these relationships follow distinct
U-shaped and inverted U-shaped spatial patterns across different
development phases. Second, the research establishes a robust
mediation framework that elucidates how new quality productive
forces serve as the critical transmission channel linking FDI
quality to enhanced economic resilience, providing new empirical
evidence for resilience formation theories. Third, through inte-
grated spatiotemporal analysis, the study advances theoretical
interpretations of technological disparity and siphon effects,
offering fresh insights into the persistent development imbalances
observed in the Yangtze River Delta region.

Practical implications. The research yields significant policy
implications for regional development governance in the Yangtze
River Delta. First, the empirical findings substantiate the need for

spatially differentiated foreign investment policies, particularly
highlighting how targeted investment strategies in less-developed
subregions (e.g., Anhui Province) could effectively address per-
sistent development gaps. Second, the demonstrated mediation
mechanism of new quality productive forces provides concrete
policy levers for local authorities to foster innovation ecosystems
through enhanced industry–academia-research collaboration.
The study further contributes to regional policy frameworks by
proposing an integrated coordination mechanism that combines
institutional alignment with optimized resource allocation,
offering a viable approach to achieve both balanced regional
development and quality economic growth simultaneously. These
insights provide actionable guidance for policymakers seeking to
enhance the region’s overall competitiveness while reducing
intra-regional disparities.

Policy recommendations. Based on the above conclusions, this
study proposes four policy recommendations: (1) Promote high-
level opening-up and facilitate the“stable growth and quality
improvement“of foreign investment. Governments should
expand market access for foreign capital in an orderly manner,
leverage technology spillover effects, and prioritize guiding for-
eign investment into advanced manufacturing and modern ser-
vices. Less-developed regions like Anhui should adopt tailored
policies to deepen integration between foreign capital and local
industries, achieving mutually beneficial and sustainable devel-
opment. (2) Strengthen innovation-driven development strategies
to further unleash the potential of new, quality, productive forces.
Cultivating new, quality, productive forces hinges on enhancing
enterprises’ independent innovation capabilities, while

Table 9 Results of stability test.

Variable ER NQPF ER ER NQPF ER

QFDI −0.220***
(−4.07)

−0.067*
(−1.72)

−0.188**
(−3.69)

−0.218***
(−5.63)

−0.091**
(−2.29)

−0.193***
(−5.16)

QFDI2 0.332***
(3.27)

0.149**
(2.03)

0.261***
(2.73)

0.370***
(5.15)

0.248***
(3.39)

0.301***
(4.31)

NQPF 0.475***
(8.27)

0.278***
(6.50)

lnSEL 0.023
(0.81)

0.096***
(4.73)

−0.023
(−0.85)

0.021
(0.81)

0.137***
(5.23)

−0.017
(−0.68)

lnGOV −0.180***
(−6.37)

0.065***
(3.18)

−0.211***
(−7.86)

−0.163***
(−7.93)

0.054**
(2.55)

−0.178***
(−8.95)

lnFIN 0.053***
(3.51)

−0.013***
(−1.19)

0.059***
(4.16)

0.055***
(4.67)

0.005
(0.38)

0.053***
(4.75)

lnURB 0.416***
(5.45)

0.321***
(5.84)

0.263***
(3.55)

0.313***
(5.46)

0.251***
(4.28)

0.244***
(4.34)

lnMAR 0.153***
(13.04)

0.153***
(18.15)

0.080***
(5.65)

0.114***
(12.72)

0.148***
(16.22)

0.073***
(6.81)

Coefficient −0.278***
(−11.35)

−0.309***
(−17.45)

−0.131***(−4.51) −0.184***
(−5.30)

−0.252***
(−7.12)

−0.114***
(−3.25)

Individual fixed Yes Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes Yes
R2 0.9082 0.9044 0.9190 0.9348 0.9275 0.9401
N 560 560 560 533 533 533
F 110.31*** 105.48*** 123.60*** 148.04*** 132.02*** 158.18***
Indirect effect −0.032*

(−1.69)
−0.03**
(−2.16)

Direct effect −0.188***
(−3.69)

−0.193***
(−5.16)

Total effect −0.220***
(3.27)

−0.218***
(−5.63)

Mediator effect ratio (%) 14.55 11.55

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.
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introducing high-quality foreign capital can accelerate technology
transfer and productivity growth. Governments should increase
policy support, establish industry–university-research collabora-
tive innovation systems, build resource-sharing platforms, and
channel innovation factors toward new quality productive forces.
Meanwhile, an innovation ecosystem with government guidance,
market dominance, and enterprise leadership should be fostered
to sustain industrial transformation. (3) Adopt diversified stra-
tegies to innovate resilient economic development pathways. This
involves improving industrial policy systems to provide institu-
tional safeguards, innovating talent policies with increased edu-
cation investment and industry-education integration to align
talent cultivation with market demands, and refining regional
coordination mechanisms in the Yangtze River Delta to enhance
factor mobility, leveraging the radiating role of core cities like
Shanghai and Nanjing. (4) Align policies with urban character-
istics to advance regional integration in the Yangtze River Delta.
Central cities like Nanjing should strengthen their leading role
through metropolitan area development, while less-developed
regions should proactively utilize policy dividends. Inter-city
collaboration should be deepened to integrate innovation,
industrial, and capital chains for complementary advantages and
resource sharing.

Limitations and future directions
This study examines the relationship between FDI quality, new-
quality productive forces, and economic resilience in the Yangtze
River Delta region, but it has certain limitations. Future research

could further explore the following aspects: First, the concept and
measurement system of new-quality productive forces are still
evolving, and the current study has certain imperfections in
indicator construction, particularly in adequately capturing
emerging sectors. Future research could incorporate a more
comprehensive indicator system, such as introducing enterprise
innovation patent data and AI development levels, to more
accurately measure the development of new-quality productive
forces. Second, the data sources primarily rely on traditional sta-
tistical data, failing to fully utilize big data from the internet, which
may affect the timeliness and dynamic analysis capabilities of the
study. Future research could integrate diverse data sources, such as
web crawler technology and enterprise databases, to enhance real-
time analysis and precision. Third, the research scale is relatively
singular, focusing only on the Yangtze River Delta region without
comparative analysis with other domestic economic regions (e.g.,
Beijing–Tianjin–Hebei, Pearl River Delta) or national/provincial
levels, potentially limiting the generalizability of the findings.
Future studies could expand to other domestic economic regions
or even compare with similar international regions to strengthen
the applicability and reference value of the conclusions. Fourth,
the time span of the data in this study is limited, and the impact of
FDI on the economy may vary across development stages, policy
adjustments, or external shocks (e.g., trade conflicts, global pan-
demics). This study has not fully examined the long-term evolu-
tionary patterns. Future research could employ longer-term panel
data to explore the differential mechanisms of FDI quality and
economic resilience across periods.

Table 10 Results of benchmark regression and mediating effect tests by region.

Zhejiang Jiangsu Anhui

Variable ER NQPF ER ER NQPF ER ER NQPF ER

QFDI −0.215**
(−2.14)

−0.330***
(−3.93)

−0.100
(−0.99)

−0.179**
(−2.24)

−0.136*
(−1.78)

−0.086
(−1.41)

0.423***
(3.19)

0.332***
(2.76)

0.353***
(2.66)

NQPF 0.318
(5.15)

0.170*
(1.73)

−0.592
(−1.39)

QFDI2 0.636***
(2.85)

0.9136***
(4.89)

0.348***
(3.68)

0.343***
(2.67)

0.252**
(2.05)

0.686***
(11.09)

−0.769*
(−1.80)

−0.843**
(−2.17)

0.210***
(2.86)

ln SEL 0.070*
(1.75)

0.047
(0.166)

0.053
(1.39)

0.076
(0.98)

0.143*
(1.92)

−0.022
(−0.37)

0.034
(0.76)

0.045
(1.11)

0.025
(0.56)

ln GOV −0.267***
(−4.30)

−0.004
(−0.07)

−0.266***
(−4.45)

0.314*
(1.85)

0.089
(0.55)

0.253**
(1.97)

−0.317***
(−8.60)

−0.033
(−0.99)

−0.310***
(−8.53)

ln FIN 0.024
(1.08)

0.066***
(3.60)

0.001
(0.02)

0.036
(1.18)

0.007
(1.83)

0.031
(1.34)

0.138***
(7.65)

0.086***
(5.24)

0.120***
(6.36)

ln URB 0.395***
(5.76)

0.348***
(6.05)

0.273***
(3.72)

0.239
(1.44)

0.291*
(1.83)

0.039
(0.31)

0.094*
(1.84)

0.119**
(2.57)

0.069
(1.35)

lnMAR 0.086***
(6.51)

0.133***
(11.89)

0.041**
(2.26)

0.267***
(8.93)

0.203***
(7.08)

0.128***
(4.94)

0.071***
(5.28)

0.032***
(2.64)

0.064***
(4.78)

C −0.67*
(−1.92)

−0.312***
(−10.56)

0.041
(0.92)

−0.560***
(−9.61)

−0.399***
(−7.13)

−0.287***
(−5.68)

−0.185***
(−4.28)

−0.081**
(−2.05)

−0.168***
(−3.92)

Individual fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time fixed No No No Yes Yes No No No No
R2 0.7348 0.8365 0.7574 0.9484 0.9305 0.9706 0.6071 0.3072 0.6215
N 154 154 154 182 182 182 224 224 224
F 57.79*** 106.69*** 56.59*** 156.11*** 114.24*** 266.02*** 47.67*** 13.68*** 44.12***
Indirect effect −0.115***

(−2.69)
−0.093**
(−1.76)

0.070**
(1.98)

Direct effect −0.100
(−0.99)

−0.086
(−1.41)

0.353***
(2.66)

Total effect −0.215***
(−2.15)

−0.179**
(−2.24)

0.423***
(3.19)

Mediator effect
ratio

Completely
intermediary

Completely
intermediary

16.52%

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.
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Table 11 Results of benchmark regression and mediating effect test by time period.

2009-2017 2018-2022

Variable ER NQPF ER ER NQPF ER

QFDI −0.060***
(−3.26)

−0.024**
(−2.49)

−0.040**
(−2.37)

0.199***
(5.17)

0.169***
(4.45)

0.064**
(2.56)

NQPF 0.859***
(8.93)

0.780***
(18.01)

lnEL 0.005
(0.13)

0.041*
(1.95)

−0.030
(−0.83)

−0.183***
(−4.39)

−0.072***
(−1.76)

−0.125***
(−4.84)

lnGOV −0.016
(−0.62)

0.038***
(2.80)

−0.049**
(−2.07)

−0.196**
(−2.29)

0.041
(0.49)

−0.229***
(−4.34)

lnFIN 0.057***
(3.51)

−0.035***
(−4.14)

0.088***
(5.85)

0.055**
(2.48)

0.161
(7.33)

−0.074***
(−4.75)

lnURB 0.228***
(3.12)

0.030
(0.79)

0.202***
(3.09)

0.726***
(9.37)

0.472***
(6.17)

0.349***
(6.70)

lnMAR −0.056*
(−1.91)

−0.025*
(−1.66)

−0.034
(−1.30)

0.134***
(5.64)

0.110***
(4.69)

0.046***
(2.98)

Coefficient 0.343***
(3.46)

0.435***
(8.36)

−0.031
(−0.31)

−0.455***
(−6.09)

−0.543***
(−7.36)

−0.021
(−0.41)

Individual fixed Yes Yes Yes Yes Yes Yes
Time fixed Yes Yes Yes Yes Yes Yes
R2 0.9638 0.9785 0.9711 0.7479 0.7730 0.9047
N 369 369 369 205 205 205
F 154.81*** 264.20*** 191.56*** 97.90*** 67.90*** 267.27***
Indirect effect −0.021**

(−2.40)
0.135***
(4.32)

Direct effect 0.040**
(−2.37)

0.064**
(2.56)

Total effect 0.060***
(−3.26)

0.199***
(5.17)

Mediator effect ratio 34.42% 67.94%

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.

Table 12 Moran’s I index results.

Year FDI ER

Moran’s I sd(I) Moran’s I sd(I)

2009 0.411*** 0.087 0.462*** 0.089
2010 0.417*** 0.089 0.469*** 0.088
2011 0.339*** 0.089 0.483*** 0.088
2012 0.271*** 0.089 0.474*** 0.088
2013 0.318*** 0.088 0.494*** 0.088
2014 0.148*** 0.087 0.509*** 0.088
2015 0.079 0.088 0.512*** 0.088
2016 0.176*** 0.086 0.517*** 0.087
2017 0.220*** 0.088 0.517*** 0.086
2018 0.340*** 0.089 0.522*** 0.086
2019 0.261*** 0.089 0.489*** 0.085
2020 0.296*** 0.089 0.465*** 0.086
2021 0.424*** 0.087 0.423*** 0.085
2022 0.250*** 0.087 0.434*** 0.088

*** is significant at the significance levels of 1%, respectively.

Table 13 Results of LM test, LR test and Hausman test.

Inspection items Statistic

LM-error 488.757***
R-LM-error 445.913***
LM-lag 50.840***
R-LM-lag 7.996***
LR-SAR 47.65***
LR-SEM 38.86***
Hausman 193.44***

*** is significant at the significance levels of 1%, respectively.

Table 14 Test results of spatial spillover effects.

Coefficient Economic
distance

Geographical
distance

Economic
distance
nesting

QFDI(β1) −0.169***
(−3.27)

−0.194***
(−4.15)

−0.157***
(−3.11)

QFDI2(β2) 0.263***
(2.78)

0.299***
(3.44)

0.251***
(2.69)

W ´QFDI 0.842*
(1.65)

0.205*
(1.84)

1.035**
(2.22)

W ´QFDI2 −1.606*
(−1.69)

−0.593***
(−2.65)

−2.171**
(−2.46)

Control Yes Yes Yes
ρ −1.385*** −0.280*** −1.312***
σ2 0.0005*** 0.0005*** 0.0005***
Individual fixed Yes Yes Yes
Time fixed Yes Yes Yes
Observational
values

574 574 574

R2 0.6800 0.6994 0.6715
Log-likelihood
test

1363.7163 1383.0433 1364.3343

***, ** and * are significant at the significance levels of 1%, 5% and 10%, respectively.
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