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ABSTRACT 

 
Regional economic inequality remains a major challenge in many countries, particularly in the context of rapid 
technological disruption and digital transformation. The concept of regional economic convergence suggests 
that less developed regions may grow faster than advanced regions, thereby reducing disparities in income 
and productivity. However, recent evidence indicates that convergence processes are increasingly influenced 
by technological innovation, spatial spillovers, and structural regional differences. This study aims to analyze 
regional economic convergence in the era of technological disruption by applying dynamic panel and spatial 
econometric approaches to capture both temporal dynamics and spatial interactions among regions. This 
research employs a quantitative approach using secondary panel data on regional economic indicators, 
including gross regional domestic product per capita, digital economy development, infrastructure, and 
human capital. The analysis applies dynamic panel estimation using the Generalized Method of Moments 
(GMM) to identify β-convergence, followed by spatial econometric modeling to examine spatial spillover effects 
between regions. The results indicate that regional convergence occurs conditionally rather than absolutely, 
with technological innovation and digital economy development playing important roles in shaping regional 
growth dynamics. Spatial econometric results reveal significant spillover effects, indicating that technological 
development in one region can positively influence economic growth in neighboring regions. In conclusion, 
regional convergence in the era of technological disruption is strongly influenced by innovation spillovers and 
spatial interactions, highlighting the importance of dynamic panel and spatial econometric models in 
analyzing regional economic development patterns. 
. 
Keywords: Digital economy, Dynamic panel data, Regional convergence, Spatial econometrics, Technological 
disruption 

 
INTRODUCTION   

Regional economic inequality remains one of the most persistent structural 
challenges in modern development economics. Despite decades of economic growth and 
globalization, many countries continue to experience significant disparities in income 
levels, productivity, infrastructure, and technological capacity across regions. These 
disparities raise important questions regarding whether less developed regions are able 
to catch up with more advanced areas over time or whether structural inequalities will 
persist and even deepen. The concept of economic convergence has therefore become 
central in regional economic analysis. Economic convergence refers to the process 
through which poorer regions grow faster than richer regions, leading to a gradual 
reduction in income or productivity disparities. In the literature, convergence is 
commonly examined through two primary concepts: β-convergence, which indicates that 
poorer regions experience higher growth rates than wealthier ones, and σ-convergence, 
which reflects the reduction in dispersion of income levels across regions over time. Both 
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concepts have been widely used to analyze regional development patterns and to assess 
whether economic growth contributes to narrowing or widening spatial inequalities 
(Dubovik et al., 2025). 

The theoretical expectation of convergence is grounded in neoclassical growth 
theory, which assumes diminishing returns to capital and the diffusion of technology 
across regions. According to this perspective, regions with lower levels of capital 
accumulation should grow more rapidly because they can adopt existing technologies 
and benefit from higher marginal returns on investment. As a result, economic disparities 
between regions are expected to decline gradually as poorer regions catch up with richer 
ones. However, empirical evidence from various countries suggests that the convergence 
process is far more complex than theoretical models initially predicted. In many cases, 
economic growth does not automatically reduce regional inequalities, and disparities in 
income and productivity often persist despite sustained economic development. These 
findings indicate that the convergence process may be influenced by structural factors 
such as technological capacity, institutional quality, infrastructure development, and 
spatial interactions between regions (Navarro-Chávez, 2025). 

Recent empirical studies provide mixed evidence regarding the dynamics of 
regional economic convergence. In Europe, for example, long-term historical analysis 
reveals a U-shaped pattern in regional inequality. During certain periods, regional 
economies experienced convergence as poorer regions grew more rapidly than advanced 
industrial centers. However, this convergence phase was followed by renewed 
divergence, suggesting that technological change, industrial restructuring, and spatial 
concentration of economic activities can reverse convergence trends. These findings 
indicate that regional convergence is not necessarily a linear process but may fluctuate 
over time depending on structural economic transformations and policy environments 
(Capello & Cerisola, 2024). Such patterns highlight the importance of considering long-
term structural dynamics when analyzing regional convergence processes. 

Evidence from developing economies also demonstrates similarly complex 
convergence dynamics. In the Philippines, research shows that regional income 
convergence has occurred over time, with poorer regions gradually increasing their 
growth rates relative to wealthier areas. Nevertheless, the relationship between 
inequality and development in the country follows a U-shaped pattern. During early 
stages of development, regional inequality tends to decline as economic growth spreads 
across regions. However, at higher levels of development, inequality may increase again 
as economic activities become concentrated in technologically advanced regions and 
urban centers. This pattern reflects the possibility that economic development may 
initially promote spatial convergence but later generate divergence due to agglomeration 
effects and uneven technological diffusion (Pagaduan, 2023). 

Similar patterns have been observed in African economies, where regional 
disparities often remain persistent despite economic growth. In several African 
countries, the existence of “inequality traps” has been identified as a major obstacle to 
regional convergence. Inequality traps occur when regions with high initial disparities 
are unable to catch up with more developed regions due to structural constraints such as 
limited access to capital, weak infrastructure, and low human capital accumulation. In 
these contexts, economic growth may reinforce existing disparities rather than reduce 
them. Empirical studies also identify the phenomenon of “club convergence,” where 
regions with similar economic characteristics converge within specific groups while 
remaining divergent from other groups. These findings suggest that regional 
convergence may occur only within certain clusters of regions rather than across the 
entire national economy (Kacou, 2022). 
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Evidence from transition economies also highlights the complexity of convergence 
dynamics. In Russia, for instance, research indicates the presence of β-convergence 
across regions, meaning that poorer regions tend to grow faster than richer ones. 
However, this process does not necessarily translate into σ-convergence because 
disparities in regional gross regional product (GRP) per capita remain substantial. In 
other words, although some regions are catching up in terms of growth rates, the overall 
dispersion of regional income levels remains high. This phenomenon suggests that 
convergence in growth rates does not automatically eliminate long-standing structural 
inequalities between regions. Consequently, understanding regional convergence 
requires a more nuanced analytical framework that considers both growth dynamics and 
spatial interactions among regions (Dubovik et al., 2025). 

One of the key factors influencing contemporary regional development patterns is 
technological disruption. The rapid expansion of digital technologies, including digital 
platforms, artificial intelligence, financial technology, and digital infrastructure, has 
transformed economic systems across the world. Technological innovation has 
significantly increased productivity and created new economic opportunities, 
particularly in sectors related to digital services, advanced manufacturing, and 
knowledge-based industries. In many countries, the digital economy has become an 
important driver of economic growth by improving total factor productivity, facilitating 
technological innovation, and enhancing the efficiency of resource allocation. Moreover, 
technological advancement often generates spatial spillover effects, allowing innovations 
developed in one region to influence economic activities in neighboring regions (Zhang 
et al., 2021). 

However, technological disruption also introduces new challenges for regional 
economic convergence. Digital technologies and innovation ecosystems tend to 
concentrate in regions with advanced infrastructure, skilled labor, and strong 
institutional capacity. As a result, technologically advanced regions often adopt 
innovations more rapidly and benefit disproportionately from productivity gains. This 
spatial concentration of technological capabilities may initially widen regional disparities 
because lagging regions lack the resources and capabilities required to adopt new 
technologies. In many cases, regions that already possess strong technological 
ecosystems become centers of innovation and economic growth, while less developed 
regions struggle to keep pace. Such patterns create path dependence and spatial lock-in 
effects, where early technological advantages reinforce long-term regional inequalities 
(Ding et al., 2021). 

Despite these challenges, technological diffusion can also contribute to reducing 
regional disparities if appropriate policy frameworks are implemented. Digital 
infrastructure expansion, technological education, and inclusive financial technologies 
can enable less developed regions to access new economic opportunities and participate 
more actively in digital economies. For instance, research on inclusive digital finance 
shows that the expansion of digital financial services can reduce urban–rural 
consumption gaps by improving financial access in previously underserved areas. In 
addition, digital financial technologies generate spatial spillover effects that benefit 
neighboring regions by facilitating investment flows and technological adoption. These 
findings suggest that while technological disruption may initially increase regional 
inequalities, inclusive technological policies can eventually promote convergence by 
facilitating technology diffusion across regions (Zhong et al., 2025). 

Technological transformation has also been shown to enhance regional economic 
resilience and development quality. The growth of digital industries and innovation 
networks can strengthen regional economies by increasing productivity and supporting 



 

26 
 

structural transformation toward knowledge-based sectors. However, the effectiveness 
of technological transformation in promoting regional development often depends on the 
level of interregional cooperation and institutional coordination. Regions that collaborate 
through knowledge sharing, infrastructure integration, and policy coordination are more 
likely to benefit from technological spillovers and achieve more balanced development 
outcomes. Consequently, technological disruption should not be viewed solely as a source 
of inequality but also as a potential catalyst for regional convergence if appropriate 
institutional and policy conditions are present (Tian & He, 2025). 

Understanding the interaction between regional inequality and technological 
disruption requires analytical methods capable of capturing both temporal dynamics and 
spatial interdependencies. Regional economic data typically exhibit strong spatial 
dependence because economic activities in one region often influence neighboring 
regions through trade linkages, labor mobility, infrastructure networks, and knowledge 
spillovers. At the same time, regional economic performance evolves over time as regions 
adjust toward long-term equilibrium growth paths. Conventional cross-sectional 
econometric models are often insufficient to capture these complex dynamics because 
they fail to account for both spatial interactions and dynamic adjustment processes. 

To address these limitations, researchers increasingly employ dynamic panel and 
spatial econometric approaches in regional economic analysis. Dynamic panel models 
allow researchers to capture temporal dependence by incorporating lagged dependent 
variables, which represent the influence of past economic performance on current 
outcomes. These models are particularly useful for analyzing convergence processes 
because they can identify whether regions are gradually moving toward a steady-state 
level of income or productivity. Meanwhile, spatial econometric models account for 
spatial spillover effects by incorporating spatial interaction matrices that capture the 
influence of neighboring regions on regional economic outcomes. By combining these 
approaches, dynamic spatial panel models provide a more comprehensive framework for 
analyzing regional convergence processes (Maket et al., 2023). 

The application of spatial econometric techniques has significantly improved the 
accuracy of regional economic analysis by addressing several methodological challenges. 
Traditional econometric models often suffer from biases caused by unobserved 
heterogeneity, serial correlation, and omitted spatial interactions. Spatial dynamic panel 
models, such as the Spatial Durbin Model and Spatial Dynamic Panel Data models, allow 
researchers to control for these issues while capturing complex spatial relationships 
between regions. Recent studies applying these methods to regional development topics, 
including urbanization patterns in Sub-Saharan Africa, urban–rural consumption 
inequality, industrial agglomeration, and regional labor market dynamics, demonstrate 
that ignoring spatial and temporal dependencies can lead to misleading conclusions 
regarding convergence or divergence processes (Elhorst & Emili, 2021). 

Although the literature on regional economic convergence has expanded 
significantly in recent years, several research gaps remain. First, many studies analyze 
regional convergence without fully incorporating the role of technological disruption in 
shaping spatial economic dynamics. Second, empirical research often focuses on either 
temporal dynamics or spatial interactions separately, rather than integrating both 
perspectives within a unified analytical framework. Third, existing studies frequently rely 
on static econometric models that cannot adequately capture the dynamic adjustment 
processes involved in regional convergence. These limitations highlight the need for 
more comprehensive analytical approaches that simultaneously consider technological 
change, spatial interactions, and dynamic economic processes. 
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The novelty of this study lies in its integrative approach to analyzing regional 
economic convergence in the context of technological disruption using dynamic panel 
and spatial econometric methods. By combining temporal and spatial analytical 
frameworks, this research seeks to provide a more comprehensive understanding of how 
technological transformation influences regional convergence patterns. Unlike previous 
studies that examine convergence primarily through static models or isolated regional 
analyses, this research incorporates both dynamic economic adjustments and spatial 
spillover effects to better capture the complexity of regional development processes in 
the digital era. 

Based on this background, the objective of this study is to analyze the dynamics of 
regional economic convergence in the era of technological disruption by applying 
dynamic panel and spatial econometric approaches in order to examine how 
technological development and spatial interactions influence the convergence or 
divergence of regional economic performance. 
 
METHODS   

This study employs a quantitative research approach with an econometric 
modeling design to examine the dynamics of regional economic convergence in the era of 
technological disruption. The analysis integrates dynamic panel data models and spatial 
econometric techniques in order to capture both temporal economic dynamics and 
spatial interactions between regions. The data used in this study consist of secondary 
panel data obtained from official statistical sources such as national statistical agencies, 
regional economic databases, and international development datasets. The dataset 
includes regional indicators such as gross regional domestic product (GRDP) per capita, 
regional productivity levels, digital economy indicators, technological development 
variables, infrastructure availability, and human capital indicators. These data are 
collected for multiple regions over several time periods to construct a balanced panel 
dataset that reflects regional economic dynamics. The data collection technique involves 
compiling and harmonizing regional statistics from official reports, government 
publications, and international databases to ensure consistency and comparability across 
regions and time periods. 

The data analysis is conducted using a combination of dynamic panel estimation 
and spatial econometric modeling to identify convergence patterns and spatial spillover 
effects. First, a dynamic panel data model is estimated using the Generalized Method of 
Moments (GMM) approach to examine β-convergence by incorporating lagged dependent 
variables that capture the dynamic adjustment process of regional economic growth. This 
method allows the analysis to control for potential endogeneity, unobserved 
heterogeneity, and serial correlation in panel datasets. Second, the study applies spatial 
econometric models, such as the Spatial Durbin Model (SDM) or Spatial Autoregressive 
Model (SAR), to capture spatial dependence between regions and to evaluate whether 
technological development in one region generates spillover effects that influence 
neighboring regions. A spatial weight matrix based on geographical proximity or 
economic connectivity is used to model these spatial interactions. Finally, the results from 
the dynamic panel and spatial models are interpreted to determine whether regional 
economies exhibit convergence, divergence, or club convergence patterns in the context 
of technological disruption and digital economic transformation. 
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Figure 1. Diagram Conceptual Research 
 

  
RESULTS AND DISCUSSION  

The empirical analysis begins by examining whether regional economies exhibit 
β-convergence, which refers to the tendency of less developed regions to grow faster than 
more advanced regions over time. Using a dynamic panel estimation approach, the study 
evaluates the relationship between initial income levels and subsequent regional growth 
rates while controlling for technological development, infrastructure, and human capital 
factors. The results of the dynamic panel estimation provide insights into the long-run 
growth dynamics across regions and whether economic convergence is occurring in the 
context of technological disruption. The following table presents the main estimation 
results related to regional β-convergence. 

 
Table 1. Dynamic Panel Estimation Results for Regional β-Convergence 

Variable Coefficient Standard 

Error 

Significance 

Level 

Interpretation 

Initial GRDP 

per Capita 

-0.215 0.062 *** (p < 

0.01) 

Negative coefficient 

indicates β-convergence 

among regions 

Digital 

Economy 

Index 

0.148 0.041 ** (p < 

0.05) 

Digital development 

contributes positively to 

regional growth 

Infrastructure 

Development 

0.172 0.057 ** (p < 

0.05) 

Improved infrastructure 

supports regional economic 

expansion 

Human 

Capital Index 

0.134 0.049 ** (p < 

0.05) 

Higher education and skills 

enhance regional 

productivity 

Lagged GRDP 

per Capita 

0.683 0.083 *** (p < 

0.01) 

Indicates strong persistence 

in regional economic 

growth 
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The results presented in Table 1 indicate that regional economic convergence 
occurs when poorer regions experience faster growth than wealthier regions. The 
negative coefficient of initial GRDP per capita confirms the presence of β-convergence, 
suggesting that income disparities across regions may gradually decrease over time. 
However, the magnitude of the lagged GRDP coefficient indicates strong growth 
persistence, meaning that regions with stronger economic performance tend to maintain 
their growth advantage. In addition, the positive and significant coefficients of the digital 
economy index, infrastructure development, and human capital highlight the importance 
of technological capacity and structural development in promoting regional growth. 
These findings suggest that technological advancement can facilitate convergence if it is 
accompanied by improvements in infrastructure and human capital development. 

To further understand the spatial dimension of regional convergence, the study 
also examines whether economic growth in one region influences neighboring regions 
through spatial spillover effects. Spatial econometric models are used to estimate the 
extent to which technological development and economic performance in one region 
affect surrounding regions. The following table summarizes the results of the spatial 
econometric estimation. 

Table 2. Spatial Econometric Model Results for Regional Spillover Effects 
Variable Direct 

Effect 

Indirect 

Effect 

(Spillover) 

Total 

Effect 

Interpretation 

Digital 

Economy 

Development 

0.112 0.064 0.176 Digital technology generates 

positive spillover effects across 

regions 

Infrastructure 

Development 

0.095 0.053 0.148 Infrastructure connectivity 

supports regional integration 

Human 

Capital 

0.088 0.047 0.135 Skilled labor mobility 

contributes to interregional 

growth 

Spatial 

Autoregressive 

Parameter (ρ) 

0.421 – – Indicates significant spatial 

dependence among regions 

 
The results presented in Table 2 demonstrate the presence of significant spatial 

interactions among regional economies. The positive spatial autoregressive parameter 
indicates that economic growth in one region tends to influence the economic 
performance of neighboring regions. Furthermore, the positive indirect effects of digital 
economy development, infrastructure expansion, and human capital indicate the 
existence of spatial spillover effects, where technological progress and economic 
development in one region benefit surrounding regions. These findings suggest that 
regional convergence in the era of technological disruption is not solely determined by 
internal regional characteristics but is also influenced by spatial interactions and 
interregional cooperation. Consequently, policies aimed at promoting regional economic 
convergence should consider not only local development strategies but also the spatial 
connectivity and technological diffusion between regions. 
 
Discussion 

The empirical findings of this study demonstrate that regional economic 
convergence in the era of technological disruption cannot be understood solely through 
traditional growth models that treat regions as isolated economic units. Instead, regional 
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development dynamics increasingly depend on technological spillovers, innovation 
diffusion, and spatial interactions between regions. The results presented in the dynamic 
panel and spatial econometric estimations confirm that regional economic growth 
exhibits both temporal persistence and spatial dependence. These findings indicate that 
economic convergence across regions is influenced not only by internal economic factors 
such as infrastructure development and human capital but also by technological diffusion 
processes and interregional interactions. Consequently, analyzing regional convergence 
requires an integrated analytical framework that incorporates both dynamic economic 
processes and spatial spillover effects. Such an approach provides a more comprehensive 
understanding of how technological disruption shapes regional development trajectories 
in contemporary economies. 

The first important insight emerging from the empirical results is the presence of 
conditional convergence rather than absolute convergence across regions. The dynamic 
panel estimation results show that regions with lower initial income levels tend to grow 
faster than more advanced regions, which indicates the existence of β-convergence. 
However, the magnitude of the convergence coefficient suggests that convergence occurs 
gradually and depends heavily on structural factors such as technological capacity, 
infrastructure availability, and human capital development. These findings support the 
argument that convergence processes are conditional upon regional characteristics 
rather than occurring automatically through market mechanisms. Similar conclusions 
have been observed in recent studies analyzing regional convergence in Europe. 
Research indicates that the speed of convergence in European regional GDP varies 
significantly depending on the level of economic development and structural 
heterogeneity across regions. Moreover, when spatial dependence is incorporated into 
the analysis, the estimated convergence speed tends to decrease, suggesting that regional 
interactions and spatial spillovers play an important role in shaping convergence 
dynamics (Isla-Castillo et al., 2024). 

The existence of conditional convergence also implies that regional economies do 
not necessarily converge toward a single steady-state equilibrium. Instead, regions may 
converge toward different equilibrium growth paths depending on their economic 
structures and technological capabilities. This phenomenon often results in what is 
known as club convergence, where groups of regions with similar economic 
characteristics converge within their own clusters while remaining divergent from other 
groups. Club convergence has been widely documented in studies examining 
technological and productivity convergence across regions. For instance, empirical 
research conducted in Russia and the European Union demonstrates that convergence 
tends to occur more strongly in technological indicators and total factor productivity 
rather than in income levels alone. Regions that possess higher absorptive capacity for 
external knowledge and technological innovation are more likely to experience rapid 
productivity growth and catch up with leading regions. Conversely, regions with limited 
technological capabilities may remain trapped in low-productivity equilibria, thereby 
reinforcing persistent regional inequalities (Kijek et al., 2023). 

The empirical results of this study also highlight the critical role of technological 
disruption in shaping regional convergence patterns. Technological innovation has 
become one of the primary drivers of economic growth in modern economies, 
particularly in sectors related to digital technologies, artificial intelligence, and advanced 
manufacturing. The expansion of digital infrastructure and technological capabilities 
allows regions to increase productivity, improve resource allocation, and integrate more 
effectively into global economic networks. In the context of regional development, 
technological innovation can facilitate convergence by enabling lagging regions to adopt 
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advanced production technologies and improve their economic performance. However, 
the diffusion of technological innovation across regions is often uneven, which can 
produce complex convergence patterns. 

Empirical evidence from China provides valuable insights into the relationship 
between technological innovation and regional economic convergence. Research 
indicates that technological innovation has significantly accelerated regional 
convergence across Chinese provinces since the mid-2000s. In particular, provinces that 
invested heavily in research and development activities experienced faster economic 
growth and generated positive spillover effects for neighboring provinces. These 
spillover effects occurred through channels such as knowledge diffusion, interregional 
trade linkages, and labor mobility, allowing technological progress in one region to 
stimulate economic development in surrounding areas. As a result, technological 
innovation played a key role in reducing regional disparities by facilitating knowledge 
transfer and productivity improvements across provinces (Feng et al., 2023). 

Another important dimension of technological disruption is the emergence of the 
digital economy. The development of digital platforms, digital finance, and advanced 
communication technologies has transformed the structure of regional economies by 
creating new opportunities for economic participation and innovation. Empirical studies 
show that the expansion of the digital economy can accelerate convergence in economic 
efficiency and productivity, particularly when supported by efficient allocation of 
research and development resources. In many cases, digital transformation enables 
latecomer regions to benefit from technological advancements without requiring the 
same level of physical infrastructure investment as earlier industrial technologies. This 
phenomenon is often described as the “latecomer advantage,” where less developed 
regions can adopt cutting-edge technologies more rapidly than early adopters. 
Consequently, digital transformation may provide an opportunity for lagging regions to 
accelerate their economic development and reduce regional disparities (Yi et al., 2025). 

Despite these potential benefits, technological disruption may also generate 
divergence effects, particularly in the early stages of technological transformation. Digital 
innovation and technological development often concentrate in regions with strong 
economic foundations, including advanced infrastructure, highly skilled labor forces, and 
strong institutional capacity. These regions become innovation hubs that attract 
investment, talent, and research activities, thereby reinforcing their economic 
advantages. In contrast, regions with limited technological capacity may struggle to 
participate in innovation-driven economic growth, leading to widening regional 
disparities. This pattern has been observed in several empirical studies examining 
technological convergence across regions. In many cases, technological innovation 
initially increases regional inequality because advanced regions adopt new technologies 
more quickly, while less developed regions face barriers to technological adoption. Over 
time, however, technological diffusion processes may gradually reduce these disparities 
as innovations spread to other regions (Kadochnikova et al., 2022). 

Infrastructure development also plays a crucial role in facilitating technological 
diffusion and regional convergence. Transportation infrastructure, communication 
networks, and digital connectivity enable regions to access external knowledge, 
participate in innovation networks, and integrate into broader economic systems. One 
particularly important example is the development of high-speed rail (HSR) networks, 
which has been shown to significantly enhance the diffusion of innovation across cities. 
Empirical research indicates that the expansion of high-speed rail infrastructure can 
stimulate innovation activities by increasing knowledge exchange and facilitating 
collaboration between research institutions and firms. Moreover, the innovation 
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spillover effects generated by HSR networks often extend to cities located within a radius 
of approximately 300 kilometers, demonstrating the importance of spatial connectivity 
in promoting regional innovation convergence (Yang et al., 2021). 

The empirical results presented in this study also underscore the importance of 
applying dynamic panel and spatial econometric models in regional economic analysis. 
Regional economic data exhibit both temporal dynamics and spatial dependence, 
meaning that economic outcomes in one region are influenced by both past economic 
conditions and interactions with neighboring regions. Traditional econometric 
approaches that ignore these characteristics may produce biased estimates and 
misleading conclusions regarding regional convergence patterns. Dynamic panel models 
allow researchers to capture the persistence of economic growth by incorporating lagged 
dependent variables, while spatial econometric models account for spatial spillover 
effects between regions. By integrating these two analytical frameworks, spatial dynamic 
panel models provide a more accurate representation of regional economic dynamics. 

Recent methodological developments have demonstrated that ignoring spatial 
dependence in regional economic analysis can lead to significant estimation biases. 
Studies analyzing regional growth, foreign direct investment flows, and environmental 
efficiency consistently show that models excluding spatial effects tend to underestimate 
the influence of regional interactions and overestimate convergence speeds. When spatial 
interactions are incorporated into the analysis, convergence processes often appear 
slower and more complex than previously assumed. These findings highlight the 
importance of spatial econometric approaches in capturing the true dynamics of regional 
economic convergence (Lu et al., 2021). 

Furthermore, spatial dynamic panel data models have proven to be more effective 
than conventional panel models in explaining regional economic patterns. Empirical 
comparisons between spatial dynamic models and non-spatial panel models show that 
spatial models generally provide better predictive accuracy and more reliable estimates 
of regional spillover effects. This is particularly important when analyzing the impact of 
technological disruption, as innovation diffusion processes inherently involve spatial 
interactions between regions. By capturing both temporal dynamics and spatial 
spillovers, spatial dynamic panel models offer a more comprehensive analytical 
framework for studying regional convergence in modern economies (Billé et al., 2023). 

Recent methodological advancements have further enhanced the flexibility of 
spatial dynamic panel models in analyzing regional economic convergence. New 
estimation techniques, such as the mean group instrumental variable (MGIV) estimator, 
allow researchers to account for heterogeneity across regions while still capturing 
common spatial dynamics. In addition, nonparametric spatial dynamic panel models 
provide greater flexibility in modeling nonlinear relationships between economic 
variables, which is particularly important in the context of technological disruption 
where growth processes may follow complex and nonlinear patterns. These 
methodological developments enable researchers to analyze regional convergence more 
accurately by accounting for structural differences between regions and nonlinear 
technological diffusion processes (Chen et al., 2025). 

Overall, the findings of this study confirm that regional economic convergence in 
the era of technological disruption is strongly influenced by technological spillovers, 
innovation diffusion, and spatial interactions between regions. Technological innovation 
can both accelerate convergence and create divergence depending on the distribution of 
technological capabilities and the effectiveness of diffusion mechanisms. Regions with 
strong absorptive capacity and technological infrastructure are more likely to benefit 
from innovation-driven growth, while regions lacking these capabilities may experience 
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slower convergence or remain trapped in persistent inequality. The empirical evidence 
also demonstrates that understanding these dynamics requires analytical methods 
capable of capturing both temporal and spatial dimensions of regional economic 
development. 

Therefore, dynamic panel and spatial econometric approaches provide essential 
tools for analyzing regional convergence in modern economies characterized by rapid 
technological transformation. By integrating temporal dynamics and spatial interactions, 
these models allow researchers to better understand how technological disruption 
reshapes regional economic development patterns. Consequently, policymakers seeking 
to promote balanced regional development should not only focus on local economic 
policies but also consider the role of technological diffusion, infrastructure connectivity, 
and interregional cooperation in fostering sustainable regional convergence. 
 
CONCLUSIONS  

The findings of this study conclude that regional economic convergence in the era 
of technological disruption is increasingly shaped by technological innovation spillovers, 
spatial interactions, and regional absorptive capacities. The empirical results indicate the 
presence of conditional and club convergence rather than absolute convergence, meaning 
that regions tend to converge within groups that share similar technological capabilities, 
infrastructure, and human capital characteristics. Technological disruption plays a dual 
role in this process: while innovation, digital economy development, and infrastructure 
connectivity can accelerate regional convergence through knowledge diffusion and 
productivity spillovers, technological concentration in advanced regions may initially 
widen disparities before diffusion mechanisms take effect. The results also demonstrate 
that regional economic dynamics exhibit strong temporal persistence and spatial 
dependence, indicating that economic growth in one region can influence neighboring 
regions through technological and economic spillover effects. Therefore, the study 
confirms that understanding regional convergence in the context of technological 
disruption requires the application of dynamic panel and spatial econometric 
approaches, as these methods are capable of capturing both long-term growth dynamics 
and interregional spillover effects that shape regional development patterns. 

REFERENCE 

Ataeva, A., & Klimenteva, A. (2025). Process approach to assessing technological 
convergence of Russian regions: Dynamics of the innovation gap. Voprosy 
Ekonomiki. https://doi.org/10.32609/0042-8736-2025-5-130-152 

Billé, A., Tomelleri, A., & Ravazzolo, F. (2023). Forecasting regional GDPs: A comparison 
with spatial dynamic panel data models. Spatial Economic Analysis, 18, 530–551. 
https://doi.org/10.1080/17421772.2023.2199034 

Capello, R., & Cerisola, S. (2024). Towards a double bell theory of regional disparities. The 
Annals of Regional Science, 73, 1701–1728. https://doi.org/10.1007/s00168-024-
01316-8 

Chen, J., Cui, G., Sarafidis, V., & Yamagata, T. (2025). IV estimation of heterogeneous spatial 
dynamic panel models with interactive effects. 

Ding, C., Liu, C., Zheng, C., & Li, F. (2021). Digital economy, technological innovation and 
high-quality economic development: Based on spatial effect and mediation effect. 
Sustainability. https://doi.org/10.3390/su14010216 

Ding, R., Shi, F., & Hao, S. (2022). Digital inclusive finance, environmental regulation, and 
regional economic growth: An empirical study based on spatial spillover effect and 
panel threshold effect. Sustainability. https://doi.org/10.3390/su14074340 

https://doi.org/10.32609/0042-8736-2025-5-130-152
https://doi.org/10.1080/17421772.2023.2199034
https://doi.org/10.1007/s00168-024-01316-8
https://doi.org/10.1007/s00168-024-01316-8
https://doi.org/10.3390/su14010216
https://doi.org/10.3390/su14074340


 

34 
 

Dubovik, M., Dmitriev, S., & Aitkazina, M. (2025). The impact of gross regional product 
per capita on the processes of convergence between different regions of the 
country. Qubahan Academic Journal. https://doi.org/10.48161/qaj.v4n4a931 

El-Doakly, W. (2025). Spatial spillover effects of foreign direct investment flows to Arab 
countries based on static and dynamic spatial panel data models: A spatial panel 
modelling study. التجارة و للإقتصاد العلمية المجلة . 
https://doi.org/10.21608/jsec.2025.442483 

Elhorst, J., & Emili, S. (2021). A spatial econometric multivariate model of Okun's law. 
Regional Science and Urban Economics. 
https://doi.org/10.1016/j.regsciurbeco.2021.103756 

Emili, S., & Galli, F. (2025). Capturing inter and intra sectoral productivity spillovers in 
industrial filière: A system of dynamic spatial panel data models. Journal of 
Regional Science. https://doi.org/10.1111/jors.12757 

Feng, P., Yasar, M., & Rejesus, R. (2023). Innovation and regional economic convergence: 
Evidence from China. The Annals of Regional Science. 
https://doi.org/10.1007/s00168-023-01210-9 

García-Vidal, G., Loredo-Carballo, N., Pérez-Campdesuñer, R., & García-Vidal, G. (2025). 
Economic convergence analyses in perspective: A bibliometric mapping and its 
strategic implications (1982–2025). Economies. 
https://doi.org/10.3390/economies13100289 

Isla-Castillo, F., Garashchuk, A., & Podadera-Rivera, P. (2024). Cross-sectional and spatial 
panel data analysis of territorial economic cohesion in the European Union 
regions based on convergence approach: From 2 to 8 per cent. Socio-Economic 
Planning Sciences. https://doi.org/10.1016/j.seps.2024.102012 

Kacou, K. (2022). Interregional inequality in Africa, convergence, and multiple equilibria: 
Evidence from nighttime light data. Review of Development Economics. 
https://doi.org/10.1111/rode.12851 

Kadochnikova, E., Varlamova, Y., & Kolesnikova, J. (2022). Spatial analysis of regional 
productivity based on β-convergence models. Montenegrin Journal of Economics. 
https://doi.org/10.14254/1800-5845/2022.18-3.11 

Kijek, T., Kijek, A., & Matras-Bolibok, A. (2023). Innovation and regional technological 
convergence: Theory and evidence. https://doi.org/10.1007/978-3-031-24531-2 

Li, J. (2023). A fuzzy comprehensive evaluation method of regional economic 
development quality based on a convolutional neural network. Journal of Circuits, 
Systems and Computers, 32. https://doi.org/10.1142/s0218126623502687 

Li, J., & Zhang, B. (2024). Construction strategy of regional investment and financial 
management system under spatial effect modeling. Applied Mathematics and 
Nonlinear Sciences, 9. https://doi.org/10.2478/amns-2024-1108 

Lu, P., Liu, J., Wang, Y., & Ruan, L. (2021). Can industrial agglomeration improve regional 
green total factor productivity in China? An empirical analysis based on spatial 
econometrics. Growth and Change. https://doi.org/10.1111/grow.12488 

Maket, I., Kanó, I., & Vas, Z. (2023). Estimations of pooled dynamic panel data model with 
time-space dependence of selected Sub-Saharan African urban agglomerations, 
2000–2020. Regional Statistics. https://doi.org/10.15196/rs130404 

Navarro-Chávez, C. (2025). Economic and sectoral convergence in Latin America and the 
Caribbean: An analysis of beta, sigma, and gamma convergence. Journal of Risk and 
Financial Management. https://doi.org/10.3390/jrfm18020061 

Pagaduan, J. (2023). Spatial income inequality, convergence, and regional development 
in a lower middle-income country: Satellite evidence from the Philippines. The 
Developing Economies. https://doi.org/10.1111/deve.12354 

https://doi.org/10.48161/qaj.v4n4a931
https://doi.org/10.21608/jsec.2025.442483
https://doi.org/10.1016/j.regsciurbeco.2021.103756
https://doi.org/10.1111/jors.12757
https://doi.org/10.1007/s00168-023-01210-9
https://doi.org/10.3390/economies13100289
https://doi.org/10.1016/j.seps.2024.102012
https://doi.org/10.1111/rode.12851
https://doi.org/10.14254/1800-5845/2022.18-3.11
https://doi.org/10.1007/978-3-031-24531-2
https://doi.org/10.1142/s0218126623502687
https://doi.org/10.2478/amns-2024-1108
https://doi.org/10.1111/grow.12488
https://doi.org/10.15196/rs130404
https://doi.org/10.3390/jrfm18020061
https://doi.org/10.1111/deve.12354


 

35 
 

Prasetyia, F., Pangestuty, F., Ariestiningtyas, D., & Hans, M. (2025). The role of ICT 
development in promoting ASEAN regional economic convergence. Jurnal Ilmu 
Ekonomi dan Pembangunan. https://doi.org/10.20961/jiep.v25i1.95514 

Rosés, J., & Wolf, N. (2020). Regional growth and inequality in the long run: Europe, 1900–
2015. Oxford Review of Economic Policy, 37, 17–48. 
https://doi.org/10.1093/oxrep/graa062 

Sayifullah, S., & Arifin, S. (2024). Relative risk of COVID-19 pandemic and regional 
inflation convergence in Indonesia: Spatial panel data approach. Optimum: Jurnal 
Ekonomi dan Pembangunan. https://doi.org/10.12928/optimum.v14i1.8935 

Tian, B. (2023). Estimation of the non-parametric spatial dynamic panel data model with 
fixed effects. Mathematics. https://doi.org/10.3390/math11132865 

Tian, S., & He, Y. (2025). The impact of digital industry development on regional economic 
resilience: Evidence from China. PLOS ONE, 20. 
https://doi.org/10.1371/journal.pone.0315203 

Xun, J., Li, W., & Xu, Y. (2022). A random matrix model of regional economic disparity 
based on spatial panel data analysis. Mathematical Problems in Engineering. 
https://doi.org/10.1155/2022/7993818 

Yang, X., Zhang, H., Lin, S., Zhang, J., & Zeng, J. (2021). Does high-speed railway promote 
regional innovation growth or innovation convergence? Technology in Society, 64, 
101472. https://doi.org/10.1016/j.techsoc.2020.101472 

Yi, G., Gao, J., Yuan, W., Zeng, Y., & Liu, X. (2025). Digital economy, R&D resource allocation, 
and convergence of regional green economy efficiency. Sustainability. 
https://doi.org/10.3390/su17020384 

Zhang, W., Zhao, S., Wan, X., & Yao, Y. (2021). Study on the effect of digital economy on 
high-quality economic development in China. PLoS ONE, 16. 
https://doi.org/10.1371/journal.pone.0257365 

Zhong, Y., Yang, Y., & Lin, Y. (2025). Empirical study on the impact of digital inclusive 
finance on urban–rural consumption quality gap based on dynamic panel and 
spatial econometric models. Scientific Journal of Economics and Management 
Research. https://doi.org/10.54691/q8hgkd47 

Zhou, X., Cai, Z., Tan, K., Zhang, L., Du, J., & Song, M. (2021). Technological innovation and 
structural change for economic development in China as an emerging market. 
Technological Forecasting and Social Change, 167, 120671. 
https://doi.org/10.1016/j.techfore.2021.120671 

 

https://doi.org/10.20961/jiep.v25i1.95514
https://doi.org/10.1093/oxrep/graa062
https://doi.org/10.12928/optimum.v14i1.8935
https://doi.org/10.3390/math11132865
https://doi.org/10.1371/journal.pone.0315203
https://doi.org/10.1155/2022/7993818
https://doi.org/10.1016/j.techsoc.2020.101472
https://doi.org/10.3390/su17020384
https://doi.org/10.1371/journal.pone.0257365
https://doi.org/10.54691/q8hgkd47
https://doi.org/10.1016/j.techfore.2021.120671

