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ABSTRACT: Over the past decade, European regions have confronted a succession of major shocks, including the global financial crisis, the 
COVID-19 pandemic, and Russia’s aggression against Ukraine. These events, combining sudden disruptions with "slow-burning" pressures, 
have exacerbated spatial inequalities, positioning regional resilience at the forefront of public policy. The confluence of acute and chronic 
stressors creates a complex environment that complicates mitigation efforts, particularly at regional and local levels. Consequently, 
addressing these challenges requires a reinterpretation of resilience grounded in a precise identification of shock sources and their impact 
on regional development trajectories. The aim of this analysis is to develop and implement a methodological framework for operationalizing 
regional resilience, specifically to categorize European Union regions based on their capacity to withstand the impacts of Russia’s aggression 
against Ukraine. By integrating the VEC components (vulnerability, exposure, and consequences) with a multidimensional assessment 
encompassing social, economic, infrastructural, environmental, and institutional factors, this study adopts an evolutionary, multi-phase 
perspective on resilience. The results of the typology provide a basis for selecting test regions for idiographic studies aimed at identifying the 
process of evolutionary and transformational change in regional socio-economic systems occurring in response to the development shock in 
question.  
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Introduction 

 Over the past two decades, the concept of resilience has become a foundational pillar 

across various disciplines, including economic geography, evolving from simple equilibrium 

models toward an evolutionary perspective ((Boschma, 2015; R. Martin, 2012; R. Martin & 

Sunley, 2015; Sutton et al., 2023). According to this view, resilience does not merely entail a 

return to a pre-existing state ("bouncing back") but rather the capacity for transformation and 

the creation of new growth paths ("bouncing forward") through the reconfiguration of regional 

structures (Bristow & Healy, 2014; Davoudi et al., 2013; Hernes et al., 2025).  

 Contemporary European regions operate under conditions of a "polycrisis," facing a 

sequence of acute shocks - such as the 2008 financial crisis, the COVID-19 pandemic, and 

Russia’s aggression against Ukraine - alongside "slow-burning" structural pressures, including 

climate change and technological disruption (Chu & Gong, 2026; Soete & Stierna, 2023; Tooze, 

2023). These overlapping stressors exacerbate spatial inequalities, placing regional resilience 

at the forefront of public policy. The impacts of the COVID-19 pandemic and the Russian 

aggression against Ukraine have further exposed the vulnerability of local economies to global 

disruptions, highlighting the urgent necessity of building adaptive mechanisms (Anghel & 

Jones, 2023; Bailey et al., 2023; Bontadini et al., 2025; Celi et al., 2022; Gong et al., 2020; 

Simmons et al., 2022; Sutton et al., 2025; Wick & Ayrinhac, 2022). Against this backdrop,"left-

behind" regions face significant challenges stemming from the fact that they are frequently 

marginalized, peripheralized, and less developed (Pike et al., 2024; Rodríguez-Pose, 2018; 

Trippl et al., 2024). On the other hand, a subset of these consists of border regions, which - by 

virtue of their strategic positioning at the intersection of diverse regional or national systems - 
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possess the potential to cultivate unique cross-border synergies and innovations (ESPON, 2025; 

Makkonen et al., 2017; Sohn, 2014). An extensive body of literature now provides both 

sophisticated theoretical frameworks (R. Martin & Sunley, 2020; Sutton et al., 2023) and 

rigorous empirical investigations spanning Europe, the US, China, and India (Lim & 

Mukhopadhyay, 2026; R. Martin et al., 2016; Wang & Wei, 2021). These studies highlight 

complex relationships between resilience and spatial structures, such as urban scale, the degree 

of industrial clustering, or polycentricity (Ao et al., 2025; Capello et al., 2015). Effectively 

addressing contemporary challenges thus necessitates a precise identification of vulnerability 

and exposure to shock sources, alongside an analysis of their impact on developmental 

trajectories. This approach facilitates the design of policies better tailored to local specificities 

within an increasingly volatile global system (R. Martin & Sunley, 2026).  

 This analysis aims to develop and implement a methodological framework for 

operationalizing regional resilience, specifically to categorize European Union regions based 

on their capacity to withstand the impacts of Russia’s aggression against Ukraine. By 

integrating the VEC components (vulnerability, exposure, and consequences) with a 

multidimensional assessment encompassing social, economic, infrastructural, environmental, 

and institutional factors, this study adopts an evolutionary, multi-phase perspective on 

resilience. The resulting typology serves as a diagnostic foundation for selecting representative 

regions for idiographic research. These subsequent studies seek to identify the mechanisms of 

evolutionary and transformational change within regional socio-economic systems triggered by 

this specific developmental shock. 

 The structure of this chapter is as follows. In the first part, set against a review of the 

literature on regional resilience, we introduce the VEC (vulnerability-exposure-consequences) 
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approach as an adaptation of established risk analysis frameworks (Reisinger et al., 2020; 

United Nations Office for Disaster Risk Reduction, 2015), and apply it to characterise regional 

resilience-particularly in relation to external linkages and exposure to shocks-during the 

typological research phase (Bontadini et al., 2025). This is followed by the presentation of the 

study's methodological assumptions and the operationalization of the adopted approach. In the 

subsequent section, we discuss the results of the typology of European Union countries and 

regions in terms of their vulnerability and exposure to the consequences of the developmental 

shock triggered by Russia's aggression against Ukraine. We further attempt to describe the 

identified social, economic, and institutional consequences of this crisis through the lens of the 

established types. The next part of the chapter is devoted to a discussion in which we highlight 

the added value and utility of our findings within the context of existing literature. The chapter 

concludes with a summary of the most significant results, highlighting findings that lead to a 

refinement of our VEC conceptual framework for studying regional resilience. Finally, we 

provide a justification for the selection of case studies recommended for the idiographic 

research phase, while outlining the direction and scope of further in-depth studies. This research 

was funded by the National Science Centre, Poland, under the RECORU project (grant no. 

2023/49/B/HS5/00256): "Regional policy in Europe under development shocks – challenges 

for regional development arising from the socio-economic consequences of Russia’s aggression 

against Ukraine". 

The VEC (vulnerability-exposure- consequences) approach in regional resilience research 

 Contemporary explanations of regional development patterns and the evolution of 

regional policy amidst developmental shocks are firmly grounded in the theoretical 
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advancements of evolutionary economics and evolutionary economic geography (EEG). 

According to Boschma & Martin (2010), research utilizing theories of economic evolution must 

satisfy three fundamental conditions: it must be dynamic, it must concern irreversible processes, 

wherein the past leaves a legacy that determines the behavior of economic agents in the present 

and future, and it must account for the creation and impact of novelty as the primary engine of 

self-transformation. Evolutionary economic geography further highlights the regularities 

through which the spatial organization of economic production, circulation, exchange, 

distribution, and consumption undergoes transformation over time, which proves highly 

instrumental in investigating the spatial differentiation of the impacts of developmental shocks 

(Boschma & Martin, 2007). Findings in this field suggest that the current spatial distribution of 

economic activity is not the result of random events, but rather the outcome of path-dependent 

historical processes; as Dosi (1997) aptly noted, "why something exists is inextricably linked 

with how it became what it is" (p. 1531). This allows for a focused identification of the spatial 

aspects of economic novelty such as innovations (including digital transitions), new firms, 

industries, and value chains and the patterns of spatial economic structures determined by the 

micro-behaviors of individuals and organizations (Bathelt et al., 2004; Bontadini et al., 2025; 

Chu & Gong, 2026; Coe & Yeung, 2015; Copestake et al., 2024; Elekes et al., 2024; Gereffi et 

al., 2022; Jicha et al., 2024; Khlystova & Kalyuzhnova, 2023; Latour, 2005; López et al., 2022; 

R. Martin et al., 2016). Furthermore, this perspective emphasizes the significance of self-

organization within the economic landscape in the absence of central coordination, the vital role 

of human and social capital in the process of shaping resilience (Campanella, 2006; Di Caro & 

Fratesi, 2018; Floetgen et al., 2021; Fratesi & Perucca, 2020; Giacometti & Teräs, 2019; Manca 

et al., 2017; Romanova, 2022; Sutton et al., 2024), and the role of path creation and dependency 

http://recoru.web.amu.edu.pl/


This work was funded by the National Science Centre in Poland under the project  
Regional policy in Europe in conditions of development shocks – challenges of regional development  

resulting from the socio-economic consequences of Russia’s aggression against Ukraine.  
no. 2023/49/B/HS5/00256 

http://recoru.web.amu.edu.pl  
 
 

 
Faculty of Human Geography and Planning, Adam Mickiewicz University Poznań,  

Krygowskiego Street 10, 61-680 Poznań, Poland 
https://wgseigp.amu.edu.pl/ 

 

 6 

 

in shaping spatial differentiation and economic transitions (Drobniak et al., 2021; Gong & 

Hassink, 2019; R. Martin & Gardiner, 2019; Rudkin & Webber, 2023; Wink, 2014). 

Throughout these analyses, the framework consistently emphasizes the critical importance of 

place-dependence in determining the trajectory and ultimate outcomes of these evolutionary 

processes (ESPON, 2025; R. Martin & Sunley, 2026; Masik & Sagan, 2016; Trippl et al., 2024; 

Yeung, 2024). 

 Integrating these premises into the study of resilience represents a significant challenge, 

giving rise to diverse conceptualizations of the phenomenon (Bristow & Healy, 2020; 

Christopherson et al., 2010; Fröhlich & Hassink, 2018; Gong & Hassink, 2016; Hassink, 2010; 

Hassink & Gong, 2020; R. Martin, 2012; Masik, 2022a, 2022b; Palekiene et al., 2015; Simmie 

& Martin, 2010; Yamamoto, 2011). As noted by R. Martin (2012), drawing upon the findings 

of Holling (1996), the nature of regional resilience is conceptualized in three ways: the 

engineering or neoclassical approach: emphasizes a return to a pre-recession equilibrium 

following a shock; the ecological approach: accounts for "hysteresis/remanence" and the 

potential shift to an alternative stable state and the evolutionary or adaptive approach: views 

resilience as a historically contingent process of creative destruction, highlighting continuous 

renewal, open-ended reorientation, recovery, and reorganization. This typology is further 

expanded by Sutton et al. (2023), who introduce a fourth, transformative approach; this refers 

to the capacity of regions to develop entirely new structural and functional configurations when 

existing systems become untenable due to a shock, ultimately facilitating the emergence of a 

more favorable growth path in the aftermath (Fröhlich & Hassink, 2018; Hassink & Gong, 

2020; Peng et al., 2017). As a result, contemporary resilience research has transitioned from a 

narrow focus on equilibrium recovery toward a multidimensional paradigm that prioritizes a 
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region's long-term capacity for structural transformation and proactive adaptation in an 

increasingly volatile global economy, while overcoming with varying degrees of success the 

constraints arising from the challenges of operationalizing the measurement of this 

phenomenon.  

 Our research on regional resilience in the face of the consequences of the shock caused 

by Russia's aggression against Ukraine fully utilizes the existing findings in the literature while 

addressing the challenges identified therein. Due to data limitations, an engineering approach 

is adopted during the typological research phase of our investigation (Fig. 1). This perspective 

focuses on identifying the trajectories of regional socio-economic systems as they return to their 

pre-shock state, commonly referred to as "bouncing back." To deepen these findings, regional  

 

Figure 1  

A proprietary algorithm for regional resilience research  

 
Source: Own compilation.  
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resilience is analyzed through our original VEC framework (vulnerability-exposure- 

consequences). These results are further refined during the case study stage (idiographic 

research phase), where an evolutionary-transformative approach is applied. This approach 

allows for the identification of a region's capacity for transformation and the creation of new 

developmental paths, known as "bouncing forward." This analysis not only accounts for 

regional variations in vulnerability and exposure—which determine the ultimate consequences 

of a shock—but primarily focuses on delineating the process of reconfiguring regional 

structures and their subsequent outcomes. 

 In the first stage of our research (typological empirical research), the results of which 

are presented in this chapter, we propose a proprietary approach to characterizing regional 

resilience from an engineering perspective. This approach is based on the integration of three 

elements describing risk and resistance, which we refer to as the VEC framework (vulnerability, 

exposure, and consequences). In our approach, VEC is not viewed as a simple summation of 

regional characteristics; rather, it is treated as a process of change conditioned by the specific 

features of a region and its exposure to shock. This process leads to diverse outcomes that 

emerge as a logical consequence of the relationship between the nature and intensity of the 

shock and the structural characteristics of the regional system. Our framework proposes 

interpreting regional resilience through the lens of vulnerability, exposure, and consequences 

observed within the functioning of regional socio-economic systems. This does not imply that 

we equate regional resilience with VEC. Instead, we assume that VEC allows us to identify the 

conditions and trajectory of a shock by examining the characteristics and shifts that describe 

the performance of the socio-economic system. Vulnerability and exposure describe a region's 

susceptibility, determined by internal regional attributes and the intensity of shock transmission. 
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While the VEC framework provides a structured analytical lens, it can be complemented by a 

system-based perspective, in which regions are understood as configurations of interconnected 

actors, institutions and infrastructures. From this viewpoint, vulnerability and exposure reflect 

not only internal structural characteristics, but also a region’s position within relational 

networks through which shocks are transmitted, amplified or mitigated. The relationship 

between vulnerability and exposure is analytical in nature, representing an interaction between 

structural features and shock intensity, rather than a simple mathematical dependency. 

Consequences are identified through trajectories of change, providing an empirical basis for 

determining the degree of resistance (the capacity to withstand change). Based on the findings 

in the existing literature, we posit that regional resilience can be identified through the VEC 

framework, while maintaining the following distinctions relative to our two planned research 

stages: 

• Resistance/Recovery => VEC framework = the conditions and course of a shock resulting 

in functional changes within the regional socio-economic system (identified via the 

engineering approach during the typological research phase). 

• Re-orientation/Renewal = the response of the regional socio-economic system to the shock 

(identified via the evolutionary-transformative approach during the idiographic research 

phase). 

Methodology 

 The empirical part of the study aims to provide a quantitative description of regional 

disparities in vulnerability to development shocks, exposure to the concrete event of war in 

Ukraine, and the effects of the war, as noticeable at the time of writing this chapter. Therefore, 
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we frame the chapter theoretically within the VEC triad. Methodologically, we employ a two-

step procedure: first, we describe the multidimensional nature of each of the VEC components 

using a recursive deductive-inductive procedure, including a theory-driven definition of various 

aspects of regional resilience, data collection and data-driven feature selection and reduction, 

which results in the construction of composite variables quantitatively describing various 

aspects of the VEC triad. In the second step, we use the composite variables obtained in the 

first step to classify EU regions into groups with similar characteristics in terms of susceptibility 

and reaction to the war in Ukraine. 27 European Union countries are the territorial scope of our 

study, and we use NUTS-2 regions as the geographic unit of analysis. After excluding the EU 

outermost territories, Ceuta and Melilla, as they frequently appear as outliers in the data and are 

not essential to the study’s topic, the dataset includes 232 territorial units. We used 2021 data 

to describe vulnerability and exposure, presenting the situation before the war in Ukraine. To 

describe the consequences of war, we looked at changes between 2021 and the most recent data, 

or the aggregated change during the period of the war. 

 The first step of the analysis included the procedures of data gathering, selection, and 

reduction, which aimed to achieve numeric indicators defining various dimensions of VEC 

components in a comprehensive way. We started with a thorough literature review and research 

group discussions which resulted in the definition of 13 theoretical dimensions of regional 

vulnerability (economic, social, institutional and infrastructural-environmental dimensions), 

exposure to war in Ukraine (geographic proximity, and connections to Ukraine and Russia in 

the fields of migration and social ties, international trade, global value chains, tourism, and 

energy market), and consequences of war (social, economic and institutional). Then, we 

reviewed available secondary data sources to identify indicators measuring these aspects. We 
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ended up with 74 indicators covering all the theoretical dimensions. Data came primarily from 

Eurostat (56 variables), but also national census results aggregated in Eurostat CensusHub (EU 

countries held national censuses in 2021), geographic data published by Eurostat GISCO and 

ESPON, survey data and analysis, e.g. by Eurobarometer, as well as big data sources such as 

GDELT global news database. About 1/3 of the variables were only available at the national 

level. The full list of variables, data sources, and metadata descriptions is available on the open 

data repository (Churski et al., 2026). After constructing the dataset, we investigated its internal 

structure by building correlation tables and performing an exploratory principal component 

analysis. The structure of the theoretical dimensions did not fully align with the empirical 

correlations among the variables. Therefore, we built new data-based composite variables, 

separately for each VEC component and at the NUTS-2 and national levels. 

 To simplify the dataset, we used principal component analysis (PCA) and Cronbach’s 

Alpha to assess scale consistency, creating eighteen composite variables that capture 

theoretically justified and data-supported dimensions of our data. We first transformed some 

heavily skewed (skewness> 2) data to achieve a more normal distribution, and then normalised 

the data to Z scores (standard deviations from the mean). We did not use PCA directly to 

construct latent variables, but rather used it as an unsupervised feature selection technique to 

highlight important variables, adapting approaches from Song et al. (2010) and Radeef et al. 

(2024). For each of the six datasets, we conducted PCA and identified the principal component 

that accounted for the greatest proportion of overall variance. After examining which original 

variables had the highest loadings for this factor and verifying the theoretical consistency of the 

composite variable, we created composite scales as the mean Z-scores of each participating 

variable, inspected scale consistency using Cronbach’s Alpha (Vaske et al., 2017), and refined 
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the scale composition to maximise its value. After creating the first composite variable, we 

reran PCA, omitting previously used variables, and continued the process until all dimensions 

in the data structures that could be theoretically interpreted were included in the composite 

values. 

 The last part of the analysis was to group NUTS-2 regions into clusters with similar 

compositions of variables describing VEC components. We classified regions hierarchically 

using the Ward method based on Euclidean distance. Due to different numbers of dimensions 

in VEC, we multiplied E and C dimensions to make their impact equal to that of V. We further 

duplicated the size of regional-level dimensions to augment the impact of regional-level data 

and compensate for the excessive importance of national divisions caused first by differences 

in regional data across borders, and second by the construction of national-level indicators. The 

choice of the number of clusters was based on the examination of a hierarchical tree: 13-cluster 

division distinguishes itself by a high link height and provides an adequate level of detail for 

the analysis, whereas the previous optimal solution – 9 clusters – appeared too general. 

Regional resilience in the face of war in Europe 

 As a result of the first stage of the analysis, nineteen composite variables were identified, 

capturing empirically and theoretically distinct dimensions of regional vulnerability (nine 

variables), exposure (four variables), and the consequences of war (six variables; see Table 1). 
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Table 1 

Composite variables describing regional Vulnerability, Exposure and Consequences of 

war in Ukraine 

Group of composite variables Composite variable Original variables (negative in Italic) 
Cronbach 

Alpha 

Country-level vulnerability 

Lack of institutional 
capacity 

Share of population very attached to city/town/village (%) 

Mean of Worldwide Governance Indicators 

Trust in public institutions (%) 
Share of population using Internet in interaction with public 

authorities (%) 

Global Cybersecurity Index Overall Score 

0.848 

External economic 
dependency 

Inward FDI stocks as % of GDP 
Energy import dependency (%) 

0.693 

Macroeconomic risk 

exposure 

EMU convergence criterion bond yields  

NUTS-2-level vulnerability 

Low economic 
development 

Gross domestic product (GDP) at current prices (Euro per 

inhabitant) 

R&D personnel and researchers as % of population in the 

labour force 
Share of GDP spend on R&D in business enterprise sector (%) 

Patents per million inhabitants 

Share of employed in high-technology manufacturing and KIS 
knowledge-intensive services (%) 

Share of population 25 to 65 tears with tertiary education (%) 

Share of foreign-born population (%) 
Households that have internet access at home (%) 

0.894 

Low spatial accessibility 
and connectivity 

Share of employment in firms below 10 employees (%) 

Motorways network density (km per 100 km2) 
Railways network density (km per 100 km2) 

Average time accessibility to healthcare services (min.) 

Average time accessibility to primary education services 
(min.) 

Population density of urbanized areas 

0.861 

Socio-economic 
disadvantage 

Share of population 25 to 65 years with less than primary, 

primary and lower secondary education (%) 
Proportion of persons at risk of poverty or social exclusion (%) 

Unemployment rate among population from 15 to 74 years (%) 

0.809 

Service-oriented sectoral 

structure 

Herfindahl sectorial concentration index (using employment in 

10 NACE Rev 2 sectors) 
Share of gross value added in Industry (except construction) 

(%) 

Share of gross value added in wholesale and retail trade, 
transport, accommodation and food service activities (%) 

International tourist arrivals at tourist accommodation 

establishments per 1000 inhabitants 

0.687 

Negative demographic 

dynamics 

Total fertility rate 

Share of births by mothers over 35 years old (%) 

Share of population who changed their residence changed 
between NUTS-3 areas in the last year (%) 

0.714 

Demographic ageing 

Mean population age (years) 

Old-age dependency ratio 1st variant (population 65 years as a 

% of population 15 to 64 years) 

0.680 

Country-level exposure 

Geopolitical economic 
exposure 

Share of international tourists coming from Russia and Ukraine 
(%) 

Share of Russia and Ukraine in international trade of the 

country (%) 
Share of import from Russia in total import of fertilisers (%) 

Share of import from Russia in total import of fuels (%) 

Share of foreign value added from Russia in total country 
export of industry (%) 

0.897 

Energy mix exposure 
Share of natural gas in energy use households (%) 

Share of natural gas in energy use in industry (%) 

0.649 

NUTS-2-level exposure Geographical proximity 
Distance from the war zone (km) 
Distance from border of Ukraine or Russia (km) 

0.932 
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Group of composite variables Composite variable Original variables (negative in Italic) 
Cronbach 

Alpha 

Migration ties 
Share of population born in Ukraine or Russia in total region 
population according to census. 

 

Country-level consequences 

Macro-level social impact 

Ukrainian citizens beneficiaries of temporary protection per 

thousand persons 
Share of country Internet news mentions covering events that 

happen in Ukraine or Russia (%) 

0.760 

Fiscal policy 

Change in the total general government expenditures (%) 

Change in the share of expenditures on defense in total general 
government expenditures (%) 

Change in the share of expenditures on social protection in 

total general government expenditures (%) 

0.697 

Macroeconomic impact 

Change in effective exchange rates 
Change in net position of non-financial corporations 2021-

2024 as a % of GDP 

Change in the share of import from Russia in total import of 
fuels (%) 

0.635 

NUTS-2-level consequences 

Demographic change 
Change in population (%) 

Net migration (per 1000 pop.) 

0.904 

Labour market adjustment 
Change in unemployment rate among population from 15 to 74 
years (%) 

Enterprise deaths per 1000 enterprises 

0.515 

Economic performance 
Change in gross domestic product (GDP) per inhabitant at 

current prices (%) 

 

Source: Own compilation.  

 

 At the national level, the vulnerability of European Union member states manifests 

through three composite variables reflecting structural weaknesses. The variable Lack of 

institutional capacity captures the ability of institutional systems to function effectively and 

respond to shocks. It integrates dimensions such as governance quality, public trust, 

digitalization, and cybersecurity preparedness. This variable reflects, in particular, the quality 

of governance, trust in public institutions, population attachment to place, and indicators of 

digital and cyber resilience. Countries characterized by low values of this variable (e.g. 

Bulgaria, Romania, Fig. 2) exhibit historically conditioned institutional weaknesses (path 

dependence), which constrain rapid responses to shocks due to insufficient coordination of 

public policies and low levels of social trust(Masik, 2022b; Pascariu et al., 2021). The variable 

External economic dependency measures the degree to which an economy relies on external 

factors, combining indicators of foreign capital inflows and dependence on energy imports. 

High values (e.g. in Luxembourg, Malta) amplify the transmission of external shocks, 
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potentially destabilizing both the balance of payments and the trade balance (Liadze et al., 

2023). The third variable, Macroeconomic risk exposure, based on government bond yields, 

reflects the financial risk of an economy through the cost of public debt financing. It indicates 

susceptibility to macroeconomic and market tensions under shock conditions. Consequently, 

countries with higher macroeconomic risk (e.g. Romania and Hungary) may experience more 

severe and prolonged negative effects (Caner et al., 2021). 

 At the regional level (NUTS-2), vulnerability assumes a more complex character, 

encompassing both developmental potential and socio-infrastructural constraints. The variable 

Low economic development capacity reflects the developmental potential of regions and 

constitutes a primary determinant of adaptive capacity. Regions with higher income levels, 

innovation capacity, human capital, and openness (e.g. Stockholm) are better equipped to adapt 

under conditions of disruption. In the face of shocks, this translates into a greater ability to 

diversify economic activity, attract investment, and integrate new labor resources, including 

migrants (Acs et al., 2002; Di Pietro et al., 2021). The variable Low spatial accessibility and 

connectivity captures the infrastructural and service accessibility of a region, as well as its 

spatial linkages, which shape its participation in economic processes and its capacity to adapt 

to shocks. Transport network density reflects accessibility and infrastructure development, 

while infrastructural constraints (e.g. in Aegean Islands in Greece) may hinder rapid adjustment 

and resource flows (Rimidis & Butkus, 2025). Access to public services relates to the system’s 

capacity to meet basic social needs (Gerges et al., 2023; Meerow et al., 2016). Conversely, 

higher population density may enhance infrastructure efficiency and service accessibility, 

thereby reducing regional vulnerability (Sharifi et al., 2026). The variable Socio-economic 

disadvantage reflects the accumulation of adverse social and economic conditions, identifying 
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regions with the lowest absorptive capacity (e.g. Campania in Italy). It encompasses low 

educational attainment, poverty risk, and unemployment, whose high levels intensify 

community vulnerability to shocks (Yoon, 2012). The variable Service-oriented sectoral 

structure reflects the degree of economic concentration and the structural profile of a region. 

Regions characterized by low diversification and a high share of service sectors such as tourism 

or transport (like Greeka and Spanish insular regions) are more strongly embedded in external 

environments, increasing the likelihood of external shock transmission (Buigut et al., 2022; 

Kiczmachowska, 2025). Two additional variables refer to regions experiencing demographic 

decline. The composite variable Negative demographic dynamics (with most adverse value in 

Spanish Asturias) reflects processes of population reproduction and mobility, including 

fertility, birth structure, and internal migration, which influence adaptive capacity under shock 

conditions. The composite variable Demographic ageing (most advanced in Eastern German 

Chemnitz region), in turn, captures the age structure of the population and the demographic 

dependency burden, indicating constraints in labor supply and adaptive capacity. Population 

ageing implies both reduced labor availability and increased pressure on social security 

systems, alongside declining regional investment potential (Keenan & Hauer, 2020). 

 Composite exposure variables identify four channels through which the effects of war 

are transmitted to countries and regions. At the national level, the variable Geopolitical 

economic exposure is of central importance. It reflects the extent of trade linkages with Russia 

and Ukraine, including the critical role of Russian inputs in value chains (e.g., fertilizers, fuels, 

industrial raw materials, as well as tourism flows). High values (e.g. in Lithuania) indicate 

strong economic coupling with the source of the shock, increasing transmission intensity 

through trade disruptions, supply chain breakdowns, and restrictions on capital flows (Baldwin 
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& Lopez‐Gonzalez, 2015; Zhang et al., 2023). These dynamics are reinforced by the variable 

Energy mix exposure, which reflects the degree of dependence of households and industry on 

natural gas within the energy consumption structure. Countries with a high concentration of 

energy-intensive industries (e.g the Netherlands) experience the most severe cost shocks, 

necessitating rapid energy transitions (Mannhardt et al., 2023). 

 At the regional level (NUTS-2), exposure acquires both spatial and social dimensions. 

The composite variable Geographical proximity reflects the physical closeness of a region to 

the conflict zone and the borders of countries involved in the war. This proximity intensifies 

direct impacts, facilitates the spillover of crisis effects, and limits the region’s ability to isolate 

itself from geopolitical shocks (Dittel et al., 2024; ESPON, 2024). The composite variable 

Migration ties captures demographic linkages between regions and Ukraine and Russia, 

highlighting the role of existing migration networks as channels of shock transmission. Stronger 

pre-existing social ties with Ukraine (e.g. in Estonia and Prague) increase the likelihood of 

significant refugee inflows, placing pressure on infrastructure while simultaneously reshaping 

demographic structures. 

 Six consequence variables capture the effects of war at the regional level. At the national 

scale, the variable Macro-level social impact (with the largest values in Estonia) reflects direct 

systemic effects, including migration pressures, and the saturation of the information sphere 

with war-related narratives. An increase in beneficiaries of temporary protection implies greater 

pressure on public services and labor markets, but if integration is successful may also 

strengthen labor resources and adaptive capacity (Hristova, 2026). Conversely, a decline in the 

intensity of media discourse is often interpreted as a warning signal of weakening public support 

(García-Marín & Salvat-Martinrey, 2023; Morais et al., 2025). The variable Fiscal policy 
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reflects the capacity of states to respond through expenditure reallocation. Shifting fiscal 

priorities toward security (most profound in Poland) enhances resilience to geopolitical shocks 

(Elbargathi & Al-Assaf, 2023), but may simultaneously weaken social resilience by limiting 

redistributive and protective state functions. The third national-level variable, Macroeconomic 

impact, reflects international price competitiveness and financial stability, indicating the ability 

to maintain macroeconomic equilibrium. Low resilience corresponds to a tangible loss of 

stability (as visible in Poland), manifested in exchange rate fluctuations, weakened corporate 

positions, and the need for substantial restructuring of fuel imports (Baldwin & Lopez‐

Gonzalez, 2015). 

 At the regional level (NUTS-2), consequences are more direct and heterogeneous. The 

composite variable Demographic change reflects population dynamics and migration flows, 

which constitute the primary mechanism of demographic adjustment under shock conditions. 

Its positive values (e.g. in Malta and Prague) may be interpreted as an indicator of a region’s 

ability to attract and retain population; however, increased migration flows may also generate 

significant challenges for social services (Duszczyk & Kaczmarczyk, 2022). The variable 

Labour market adjustment captures economic adaptation processes through a synthetic 

representation of labor market dynamics and the condition of the enterprise sector. A decline in 

unemployment (e.g. in Greek regions) may be interpreted as a sign of increased resilience and 

absorptive capacity, whereas a rise in firm bankruptcies indicates that the resilience threshold 

of the private sector has been exceeded (EUROSTAT, 2024). Finally, the composite variable 

Economic performance reflects overall economic dynamics through changes in GDP per capita, 

serving as a synthetic measure of the economic effects of the shock. Its positive values (e.g. in 

Bulgarian Southeast) may be interpreted as an indicator of a region’s capacity to recover and 
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sustain economic activity after a shock (Chen, 2022), although rising inflation and exchange 

rate volatility may adversely affect this measure. Composite VEC measures present distinctive 

geographic patterns (Figure 2). 

 

Figure 2  

Geographic differences in the values of composite variables describing Vulnerability, 

Exposure and Consequences of war in Ukraine 

 
 Source: Own compilation.  
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To simplify this complexity, we aggregated the regions into 13 types with distinctive 

characteristics (Fig. 3, Fig. 4). The identified types exhibit sufficient structural similarities to 

allow their further aggregation into five resilience profiles, differentiated by the dominant 

mechanism of shock transmission from structural vulnerability, through exposure channels, to 

the nature and intensity of observed consequences. The presentation of results follows the logic 

of the VEC triad: for each profile, the internal vulnerability characteristics of the regions are 

discussed first, followed by the identification of the main exposure channels to the geopolitical 

shock triggered by the war in Ukraine, and finally by a characterisation of the observed 

consequences. 

Profile I Geopolitically Exposed Regions with High Reactivity encompasses regions 

located in Poland (11 regions of Western and Central Poland), Lithuania, Latvia and Estonia, 

as well as the capital regions of Bucharest (Romania) and Budapest (Hungary). In terms of 

vulnerability (V), this profile combines relatively favourable socio-economic conditions and 

reasonably effective institutions with marked spatial peripherality and a moderately constrained 

development potential. With respect to exposure (E), these regions are the most proximate to 

the conflict zone, strongly integrated into trade networks with Ukraine and Russia, and host 

sizeable diaspora communities from both countries circumstances that render them the most 

directly and intensely affected by the conflict. The consequences (C) include the largest scale 

of refugee inflows across all identified profiles, significant labour market pressures, a marked 

increase in public expenditure, and the simultaneous maintenance of positive economic growth. 

Profile II Regions of Peripheral Structural Vulnerability with Differentiated Energy 

Exposure, represented by three subtypes encompasses regions located in Romania, Bulgaria, 

Poland (6 eastern regions), Hungary, Slovakia and Croatia. In terms of vulnerability (V), this 
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profile is characterised by an accumulation of structural weaknesses: lower levels of economic 

development, elevated macroeconomic risk and persistent institutional deficits. Exposure (E) 

operates primarily through the energy channel notably, dependence on Russian fossil fuel 

supplies in the II-b and II-c subtypes, as well as through territorial adjacency to Ukraine. The 

consequences (C) are ambivalent in character: whilst these regions record comparatively 

favourable economic performance attributable in large part to their limited integration into 

value chains directly linked to the conflict zone, depopulation is simultaneously deepening and 

the fiscal policy response to the shock is markedly weaker than that observed in Profile I. 

Profile III Transitional Regions with Absorptive Migration Exposure encompasses 

regions located in Czechia, Luxembourg, Cyprus and the urban metropolitan regions of 

Bratislava, Vienna, Berlin, Hamburg and Bremen. In terms of vulnerability (V), regions of this 

type are comparatively well developed, well connected and characterised by low levels of 

deprivation, although their strong export orientation renders them more susceptible to broader 

economic disruptions. Exposure (E) is primarily associated with the function of a migration 

corridor, characterised by strong population-based ties to Ukraine and moderate geographical 

proximity, in the absence of significant energy dependence on Russia. The consequences (C) 

are most visible in the demographic and social sphere, manifesting in a substantial influx of 

refugees and increased pressure on public services, whilst labour market conditions and 

economic output have remained relatively stable. 

Profile IV Resilient Core Regions with Adaptive Fiscal Response, representing the by 

five subtypes, encompasses regions located in Sweden, Finland, Belgium, the Netherlands, 

Germany, Denmark, Austria and France. In terms of vulnerability (V), these regions exhibit the 

highest levels of development, low poverty rates, well-developed transport infrastructure and 
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robust institutional frameworks, although the more service-oriented among them may prove 

susceptible to external demand shocks. Exposure (E) is primarily energy-related: the German 

Dutch core was severely affected by the disruption of Russian gas supplies, whereas the Nordic 

countries, with their more diversified energy mix, are less exposed to this transmission channel 

and maintain limited economic ties with Russia and Ukraine. The consequences (C) take the 

form principally of increased public expenditure and deteriorating economic performance in 

several member states, driven above all by the costs of a rapid and far-reaching energy 

transition, with comparatively moderate social effects. 

Profile V Mediterranean Service-Sensitive Regions, representing by three subtypes, 

encompasses regions located in Italy, Greece, Spain, Portugal and Ireland. In terms of 

vulnerability (V), these regions are characterised by a combination of high dependence on 

tourism and services, elevated poverty levels in parts of the area, advanced population ageing 

and a prolonged structural decline in fertility. Exposure (E) is predominantly indirect: despite 

their considerable distance from the frontline, these regions have been affected by the decline 

in tourist arrivals from Russia and Ukraine and by rising energy prices, particularly in Italy. 

The consequences (C) encompass limited social effects these regions did not emerge as a 

primary destination for refugee flows, a fiscal restraint common to all three types, reflected in 

the absence of an expansive budgetary response to the shock, and differentiated economic 

outcomes ranging from relatively contained effects in V-b and V-c subtypes to a marked 

deterioration in economic performance in Italy, where the burden of rising energy costs proved 

most acute. 
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Figure 3  

Types of NUTS-2 regions according to the values of composite variables describing 

Vulnerability, Exposure and Consequences of war in Ukraine 

 
Source: Own compilation.  

 

The typology presented here confirms that the resilience of EU regions to geopolitical 

shocks is neither linear nor exclusively geographical in character, it is the product of a specific 

configuration of structural vulnerability, exposure channels and the capacity to absorb 

consequences. Regions with the highest levels of exposure do not invariably record the most 

severe economic outcomes, as evidenced by Profile I, where strong institutional and fiscal 

responsiveness enabled sustained economic growth despite unprecedented migratory and 
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geopolitical pressure. Conversely, core regions (Profile IV) and Mediterranean regions (Profile 

V), despite lower levels of direct exposure, experience the effects of the shock through distinct 

channels, the energy transition and demand-side constraints, respectively, demonstrating that 

none of the identified profiles has remained beyond the reach of the war in Ukraine's impact on 

 

Figure 4  

Average values of composite variables for types of NUTS-2 regions 

 
Source: Own compilation.  

 

 the regional systems of the European Union. The complexity and profile-specificity of these 

findings underscore the necessity of deepening the analysis through idiographic empirical 
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research which, in line with the research framework adopted in this study (Fig. 1), will seek to 

verify the mechanisms of risk absorption and resistance already observable at the typological 

stage, whilst identifying the trajectories of reorientation and the conditions for recoverability in 

selected test regions. 

Discussion 

 By examining the heterogeneous responses of European regions to the shock triggered 

by Russia’s aggression against Ukraine, this study advances the debate on regional resilience, 

highlighting the need to move beyond static and reductionist interpretations toward a more 

processual, multidimensional, and relational understanding of resilience. 

 The empirical application of the VEC approach enables a more precise identification of 

the mechanisms through which shocks are transmitted to regional systems, contributing to the 

broader debate on the operationalisation of regional resilience (Evenhuis, 2017; Gong & 

Hassink, 2016; R. Martin & Sunley, 2015). In many existing approaches, resilience is treated 

as an outcome variable, typically measured by the scale of decline or the speed of recovery of 

economic activity. In contrast, the VEC framework allows for the disentangling of different 

dimensions of the resilience process and facilitates the analysis of the mechanisms leading to 

observed outcomes. In doing so, it responds to calls in the literature for the decomposition of 

this complex phenomenon and a move away from its one-dimensional interpretation. 

 The VEC approach is also consistent with the dominant conceptualisation of resilience 

as a dynamic capacity of systems to adapt and transform (Bristow & Healy, 2014; Trippl et al., 

2024). As a result, it goes beyond the static measurement of resilience levels and instead enables 

the analysis of relationships between its key components, reflecting the processual nature of 
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regional responses to shocks. It is increasingly emphasised that the VEC framework should not 

be interpreted as a linear causal chain, but rather as a system of interdependent processes in 

which components co-evolve through feedback mechanisms (Avelino et al., 2018; G. Martin et 

al., 2017). Within this framework, particular importance should be attached to the 

configurational nature of relationships between the components of VEC, as their significance 

becomes apparent only in specific combinations. The findings show that regions with similar 

levels of exposure may experience markedly different consequences, as illustrated by the 

contrast between profiles I and II. This suggests that the analysis of resilience requires 

accounting for the co-occurrence and interaction of individual components, rather than treating 

them in isolation. 

 In this context, it is important to distinguish between direct and indirect exposure. The 

results indicate that regions may experience strong shock impulses not only due to geographical 

proximity, but also through functional and network linkages. Regions highly integrated into the 

global economy may be affected by disruptions despite their relative distance from the source 

of the shock (Taliercio, 2024). Consequently, exposure should be understood as a function of a 

region’s position within networks of flows, rather than solely its location. This is reflected in 

the results for core regions (profile IVb, and to some extent IVa), where relative distance from 

the conflict does not eliminate significant economic consequences. 

 Vulnerability, in turn, emerges as the outcome of cumulative long-term structural 

processes that constrain the system’s capacity to respond to disruptions. This perspective 

requires moving away from treating vulnerability as a static parameter and instead recognising 

its evolutionary character, shaped by past development trajectories (Buzási et al., 2021; Melo-

Aguilar et al., 2022). It follows that regional susceptibility can be both reinforced and reduced 
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over time through investment decisions, public policies, and structural changes. This is 

particularly evident in peripheral regions (profile II), where the accumulation of pre-existing 

weaknesses translates into more severe consequences of the analysed shock. 

 An important contribution of the VEC approach lies in demonstrating that consequences 

do not represent the final stage of the process but rather constitute a feedback mechanism that 

shapes future exposure and vulnerability. Negative outcomes may reinforce existing structural 

weaknesses, but under certain conditions they can also trigger adaptive and transformative 

processes (Ma et al., 2025). In this sense, consequences act as a selection mechanism in the 

evolution of regional systems, differentiating their subsequent development trajectories, from 

the persistence of negative trends to their reversal. 

 Within this framework, adaptive capacity emerges as a key factor moderating the 

relationships between the components of VEC. It not only mitigates the scale of losses, but also 

influences the direction of structural change, enabling a shift from defensive responses to more 

transformative strategies (Arrighi, 2021). Differences in the level of adaptive capacity help 

explain why regions with similar initial conditions may follow divergent trajectories, as 

illustrated by the contrast between highly exposed regions with relatively favourable outcomes 

(profile I) and those characterised by greater structural vulnerability. 

 An additional interpretative dimension is the possibility of non-linear effects, whereby 

high exposure, under conditions of sufficient adaptive resources, may lead to positive 

development outcomes. This phenomenon, closely related to the concept of antifragility, 

suggests that relationships between the components of VEC are not necessarily negative (Boo 

& Mars, 2021; Chiffi & Curci, 2024). This is partially supported by the findings, particularly 
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in the case of regions that can maintain or even improve their economic performance despite 

strong external shocks. 

 Consequently, the VEC approach should be understood as a framework for analysing 

systems of interdependent processes, enabling the identification not only of the level of 

resilience, but more importantly of the mechanisms through which it is shaped under conditions 

of complex and multi-level interactions. 

 Despite its analytical advantages, the application of the VEC framework also reveals 

several important limitations that require explicit acknowledgement. First, the 

operationalisation of vulnerability, exposure, and consequences remains strongly dependent on 

data availability and indicator selection, which inevitably introduces a degree of arbitrariness 

into the construction of composite measures (Gündogmus et al., 2022). This is particularly 

relevant in the context of multidimensional analyses, where different weighting schemes or 

variable configurations may lead to alternative typologies of regional resilience (Black et al., 

2023). Second, the empirical implementation of VEC in this study relies on a quasi-static 

representation of vulnerability and exposure, anchored in pre-shock conditions, which 

constrains the ability to fully capture their dynamic evolution over time. This limitation reflects 

a broader challenge in resilience research, where dynamic processes are often approximated 

using static indicators (Evenhuis, 2017; R. Martin & Sunley, 2015). Third, while the VEC 

approach allows for the identification of structural and relational determinants of resilience, it 

remains less sensitive to the role of agency, institutional learning, and policy interventions, 

which are emphasised in evolutionary and institutional approaches to regional resilience 

(Boschma, 2015; Bristow & Healy, 2014). These limitations suggest that VEC should be 
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interpreted not as a self-sufficient model, but rather as a heuristic framework that benefits from 

integration with dynamic, process-based, and actor-centred perspectives. 

 The configurational nature of relationships within VEC leads directly to the conclusion 

that resilience is inherently multidimensional and cannot be adequately captured by single 

indicators or simplified analytical models. In contrast to reductionist approaches, increasing 

attention is being paid to frameworks that integrate multiple spheres of regional functioning, as 

reflected in the literature emphasising the simultaneous influence of economic, social, 

institutional, and environmental factors (Christmann & Ibert, 2012; Rota et al., 2020). Within 

this perspective, resilience is not the sum of separate components, but rather the outcome of 

their co-occurrence and interaction within the regional system. 

 Crucially, the individual dimensions of resilience do not operate independently, but are 

mutually conditioning. The structure of the economy influences not only a region’s 

vulnerability to disruptions, but also its capacity to respond, while the quality of institutions 

shapes both adaptive capacity and the management of risk (Gonçalves et al., 2018). This 

suggests that resilience should be interpreted as a configuration of interrelated resources and 

mechanisms, rather than as their linear aggregation. Empirical support for this view is provided 

by the observed diversity of regional development trajectories, where regions with partially 

similar initial conditions respond to shocks in markedly different ways. 

 In this context, approaches based on sets of analytical dimensions, such as economic 

structure, territorial capital, governance, connectivity, and environmental conditions, gain 

particular importance (Fratesi & Perucca, 2020; OECD, 2020). Their simultaneous 

consideration allows for a more comprehensive explanation of regional responses, especially in 

crisis situations where interactions between these elements intensify. This is particularly 
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evident in regions characterised by the accumulation of structural constraints, where the co-

occurrence of weaknesses across multiple dimensions translates into higher systemic 

vulnerability to disruptions. 

 From an interpretative perspective, the multidimensional nature of resilience also 

implies the need to move beyond approaches based on single composite indicators towards 

more complex frameworks capable of capturing the structure of interdependencies between 

different components of regional systems. In practice, this entails the use of analytical tools that 

enable the identification of latent patterns and the co-occurrence of different forms of capital 

and adaptive mechanisms. 

 At the same time, it should be emphasised that despite the advancement of analytical 

tools, no universal standard for measuring resilience has emerged. This necessitates the context-

sensitive selection of methods and the explicit acknowledgement of the limitations of the 

analysis (Gündogmus et al., 2022). Consequently, the multidimensionality of resilience requires 

not only advanced analytical approaches, but also interpretative caution that accounts for the 

complexity and context-dependence of processes unfolding within regional systems. 

 An extension of this perspective is provided by the relational approach, which shifts the 

focus of resilience analysis from the internal characteristics of regions to their embeddedness 

in broader systems of interconnections. Within this framework, resilience cannot be adequately 

explained solely by economic structure or local resources but must be analysed in relation to 

the networks that co-shape the functioning of regional systems (Christmann & Ibert, 2012; 

Delgado et al., 2021). This entails moving beyond a “container” view of regions towards an 

understanding of regions as components of dynamic systems of flows and interactions. From 

this perspective, resilience takes on an emergent character, arising not from isolated system 
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attributes but from the configuration of relationships in which a region is embedded. Trade, 

migration, capital, and institutional flows constitute key channels for the transmission of both 

shock impulses and adaptive responses (de Beurs et al., 2021; Mendoza‐Velázquez & Rendón‐

Rojas, 2021; Sommese, 2024). As a result, a region’s position within economic and social 

networks becomes a crucial determinant of its capacity to respond to disruptions. 

 Network linkages exhibit an inherently ambivalent character: they may simultaneously 

increase exposure to external shocks while enhancing the capacity for absorption. Their impact 

depends less on the number of connections than on their quality, particularly levels of trust, 

coordination, and the ability to mobilise resources (Fekete, 2019). This implies that regions 

with similar degrees of network integration may experience divergent outcomes depending on 

the institutional and social embeddedness of these relationships.  

 The spatial patterns identified in this study both confirm and challenge existing 

empirical findings on regional resilience. While previous research has frequently emphasised 

the vulnerability of peripheral regions and the relative stability of core areas (e.g. Capello et al., 

2015; Di Pietro et al., 2021), our results suggest a more differentiated picture in which resilience 

outcomes are not strictly aligned with the core–periphery divide. In particular, the observation 

that highly exposed regions in Central and Eastern Europe (Profile I) maintain positive 

economic performance contrasts with expectations derived from studies highlighting the 

destabilising effects of external shocks transmitted through proximity and trade linkages. At the 

same time, the significant impact of the energy crisis on core regions (Profile IV), despite their 

strong structural and institutional capacity, points to the growing importance of sector-specific 

vulnerabilities, especially in the context of global value chain integration and energy 

dependence (Bontadini et al., 2025). These findings indicate that contemporary resilience 
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patterns are increasingly shaped by functional and network-based exposures rather than purely 

territorial characteristics, thereby extending and, in part, revising earlier interpretations of 

spatial resilience in Europe. 

 The relational dimension of resilience is also evident in multi-level analyses, which 

emphasise the importance of interactions across different levels of system organisation. The 

transmission of crisis impulses and the operation of adaptive mechanisms do not stop at 

administrative boundaries but instead spread through functional and institutional linkages (Isia 

et al., 2023). As a result, regional resilience becomes a function of the capacity to coordinate 

and integrate actions within systems of multi-level governance, encompassing local, national, 

and supranational levels. Adopting this perspective also implies a shift in the interpretation of 

regional differentiation. Differences in resilience are not determined solely by variations in 

resource endowments, but also by regions’ positions within networks of relationships and their 

ability to mobilise and utilise these connections in adaptive processes. In this context, the 

concept of relational capital remains particularly relevant, as it highlights the role of networks 

as a resource enabling access to knowledge, support, and development opportunities. 

Incorporating the relational perspective also enables the identification of more complex 

development trajectories, including cases in which specific configurations of linkages support 

not only the absorption of shocks, but also their productive utilisation. As a result, regional 

resilience emerges as an outcome of dynamic interactions unfolding within networks of 

relationships, the understanding of which requires the integration of structural, institutional, and 

network-based approaches. Extending this perspective leads directly to the need to account for 

the broader context of overlapping and interacting disruptions. If regional resilience is co-

shaped by networks of relationships and flows of trade, migration, and capital, then these same 
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channels also function as mechanisms for the transmission of diverse crisis impulses. In this 

sense, relational embeddedness not only conditions adaptive capacity, but also co-determines 

the scale and reach of shocks, contributing to their accumulation and mutual reinforcement. 

This perspective aligns closely with the concept of polycrisis, which emphasises that 

contemporary regional systems operate under conditions of overlapping and interdependent 

crises (Miklian & Katsos, 2025; Weems et al., 2025). Within this framework, resilience no 

longer refers to the response to a single event, but rather to the capacity to function under 

conditions of persistent complexity and uncertainty. The findings indicate that the responses of 

European regions are shaped by the accumulation of overlapping processes and cannot be 

explained solely by reference to a single shock. Instead, they are rooted in long-term structural 

tensions and the legacy of previous crises, consistent with approaches emphasising path 

dependency in regional development (Evenhuis, 2017; R. Martin & Sunley, 2015). 

 Under conditions of polycrisis, different channels of crisis impact interact, giving rise 

to complex transmission mechanisms. Interactions between energy, economic, and social crises 

illustrate how the consequences of one disturbance may be amplified by others, leading to 

cascading effects and the deepening of existing imbalances (Miklian & Katsos, 2025). At the 

same time, the literature suggests that partial compensatory mechanisms may also emerge, 

whereby certain processes mitigate the effects of others, further underscoring the non-linear 

nature of these dynamics (Weems et al., 2025). From an interpretative perspective, the relational 

character of regional systems also reinforces the importance of institutions and the capacity to 

manage complexity. The findings show that regions with stronger institutional frameworks are 

better equipped to absorb shocks and coordinate responses to multiple disruptions, in line with 

literature highlighting the role of governance in shaping resilience (Gonçalves et al., 2018; Rota 
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et al., 2020). In practice, this translates into a greater capacity to integrate actions within systems 

of multi-level governance and to mobilise available resources more effectively in response to 

changing conditions. Consequently, polycrisis should not be treated as a separate analytical 

context, but rather as an inherent feature of contemporary regional systems that reshapes the 

understanding of resilience. It shifts the focus from analysing responses to isolated events 

towards assessing the capacity of systems to operate under conditions of sustained, 

multidimensional instability, where both the structure of interconnections and the ability to 

adaptively leverage them are of central importance. An implication of the configurational and 

multidimensional nature of resilience, as revealed through the VEC analysis, is the need to 

apply analytical tools capable of capturing the complexity of the processes under study. In 

practice, this entails moving beyond approaches based on single indicators towards methods 

that enable the analysis of interdependencies between components of regional systems. The 

literature suggests that such analyses benefit from the use of composite indices and 

dimensionality reduction techniques, such as principal component analysis (PCA), factor 

analysis, or data envelopment analysis (DEA), which allow for the identification of latent 

structures and patterns in the data (Black et al., 2023; Sánchez-Zamora & Gallardo-Cobos, 

2019). The application of these approaches in this study made it possible to reconstruct 

configurations of co-occurring VEC components and to identify coherent regional profiles. In 

this sense, the adopted analytical procedure is not purely exploratory; rather, in line with the 

literature, it combines statistical analysis with theoretical grounding, allowing the resulting 

typology to be treated as an explanatory rather than merely descriptive tool (Bathelt & Glückler, 

2011; McCann, 2013; Murtagh & Legendre, 2014). Within this framework, classification 

methods gain particular importance, as they enable the translation of complex theoretical 
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concepts into operational tools for comparative analysis. They facilitate a shift from the analysis 

of individual variables to the identification of recurring configurations of resilience, consistent 

with calls to move beyond one-dimensional approaches towards multi-axial analyses (Delgado 

et al., 2021; Rota et al., 2020). Contemporary regional typologies integrate multiple dimensions 

of regional functioning—from economic structure and territorial capital to governance quality 

and network embeddedness (Fratesi & Perucca, 2020; OECD, 2020), thus allowing for the 

capture of both the level and the structure of resilience. From the perspective of the VEC 

framework, a key advantage of typological approaches lies in their ability to analyse not 

individual components, but their co-occurrence. This makes it possible to identify regions with 

distinct functional profiles, such as those characterised by high exposure but strong adaptive 

capacities (profile I), or regions that are relatively less exposed yet structurally vulnerable 

(profile II). In this way, the VEC framework is extended from a tool for analysing variables to 

a tool for analysing configurations, significantly enhancing its interpretative potential. The 

development of such approaches forms part of a broader research agenda on resilience that 

integrates quantitative methods with relational and dynamic analyses. In this context, network-

based approaches and dynamic models are gaining increasing importance, as they enable the 

examination of interactions between regions and changes over time (de Beurs et al., 2021; 

Kourtit et al., 2024). Their application allows for a deeper understanding of the processual 

nature of resilience and the mechanisms through which shocks propagate across regional 

systems, as reflected in the observed differences between core regions and more weakly 

integrated areas. At the same time, it should be emphasised that the advancement of analytical 

tools does not eliminate fundamental methodological challenges related to the measurement of 

resilience. The absence of a unified standard necessitates the context-sensitive selection of 
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methods and the explicit acknowledgement of the limitations of the adopted approaches (Black 

et al., 2023; Gündogmus et al., 2022). An additional challenge lies in integrating emerging 

theoretical perspectives, such as the concept of antifragility, which extends traditional 

understandings of resilience by incorporating a transformative dimension (Boo & Mars, 2021). 

Consequently, regional resilience should be interpreted as a configuration of interdependent 

processes embedded in multi-level relational structures. This represents a significant shift from 

earlier approaches and redefines the way regional resilience is understood in the context of 

contemporary shocks. 

Conclusions and Recommendations 

 This study demonstrates that regional resilience cannot be adequately understood as a 

direct function of shock intensity or geographic proximity (Boschma, 2015; R. Martin & 

Sunley, 2015). Instead, it emerges from the interaction between structural vulnerability, 

exposure channels, and adaptive capacity, which together shape differentiated regional 

responses to external shocks. The empirical analysis confirms the analytical value of the VEC 

framework, while simultaneously indicating the need to reinterpret it beyond a linear and 

decomposable model. 

 This paper makes three main contributions to the literature on regional resilience. First, 

it provides an empirical validation and conceptual refinement of the VEC framework, 

demonstrating that its components should not be treated as independent dimensions, but rather 

as interdependent and co-evolving elements of a relational system. Vulnerability and exposure 

interact in a mutually reinforcing manner, shaping the scale and nature of consequences in ways 

that cannot be explained through isolated analysis of individual variables. Second, the study 
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reveals a more complex spatial pattern of resilience across European Union regions, which 

transcends the traditional core–periphery dichotomy (Boschma, 2015; R. Martin & Sunley, 

2015).  The results show that high exposure does not necessarily translate into negative 

outcomes, as illustrated by regions that, despite strong geopolitical and migration pressures, 

maintain positive economic performance due to favourable institutional and structural 

conditions. Third, the study contributes methodologically by demonstrating that 

multidimensional and classification-based approaches can effectively capture heterogeneous 

configurations of resilience, allowing for the identification of distinct regional profiles that 

remain obscured in aggregate analyses. 

The empirical findings suggest that the spatial distribution of resilience is shaped less 

by geographic proximity to the source of the shock and more by the structure of economic, 

institutional, and relational linkages. Core regions, despite their relative distance from the 

conflict, experience significant impacts through energy dependencies and integration into 

global value chains, while peripheral regions are affected through a combination of structural 

vulnerabilities and selective exposure channels. This indicates that resilience is not a territorial 

attribute in a narrow sense, but rather a function of a region’s position within broader systems 

of flows and interactions (Capello et al., 2015; Di Pietro et al., 2021). 

 From a policy perspective, these findings imply the need to move beyond place-neutral 

approaches toward interventions that account for the specific configurations of vulnerability, 

exposure, and adaptive capacity shaping regional responses. This includes the integration of 

sectoral policies—such as energy, migration, and economic development, within a coherent 

framework that recognises the interconnected nature of contemporary shocks. Strengthening 

institutional capacity, enhancing the quality of governance, and supporting the diversification 

http://recoru.web.amu.edu.pl/


This work was funded by the National Science Centre in Poland under the project  
Regional policy in Europe in conditions of development shocks – challenges of regional development  

resulting from the socio-economic consequences of Russia’s aggression against Ukraine.  
no. 2023/49/B/HS5/00256 

http://recoru.web.amu.edu.pl  
 
 

 
Faculty of Human Geography and Planning, Adam Mickiewicz University Poznań,  

Krygowskiego Street 10, 61-680 Poznań, Poland 
https://wgseigp.amu.edu.pl/ 

 

 38 

 

of economic structures emerge as key elements of resilience-building strategies, especially in 

regions characterised by cumulative structural weaknesses. 

 The typology developed in this study provides a structured basis for the selection of 

case studies in the subsequent idiographic research phase. While the quantitative analysis 

allows for the identification of patterns and configurations, it does not fully capture the causal 

mechanisms underlying adaptation and transformation processes. Further research should 

therefore focus on in-depth, context-sensitive analyses that examine the role of actors, 

institutions, and multi-level governance arrangements in shaping regional responses to shocks. 

In particular, attention should be paid to the ways in which regions mobilise relational resources 

and reconfigure existing development paths under conditions of uncertainty. 

 Taken together, the findings suggest that regional resilience should no longer be 

interpreted as a static property of territorial units, but as an emergent outcome of dynamic and 

multi-scalar interactions across economic, institutional, and relational dimensions. These 

findings highlight the added value of the proposed approach in several key respects. First, by 

operationalising resilience through the VEC framework, this study provides a structured way 

to disentangle the mechanisms underlying regional responses to shocks, moving beyond 

outcome-based measures towards a process-oriented interpretation. Second, the identification 

of configurational profiles of regions demonstrates that resilience should be understood as an 

emergent property of interacting dimensions, rather than a linear function of individual factors. 

Third, the results offer a novel empirical perspective on the geography of resilience in the 

European Union, revealing patterns that cut across conventional spatial classifications and 

emphasise the role of relational embeddedness and sectoral exposure. In this sense, the study 

contributes not only to the refinement of the VEC framework itself, but also to the broader 
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effort to integrate multidimensional and relational perspectives into the analysis of regional 

resilience under conditions of contemporary polycrisis (Miklian & Katsos, 2025; Weems et al., 

2025). The VEC framework provides a useful starting point for this reinterpretation; however, 

its further development requires closer integration with relational and evolutionary 

perspectives. Such an approach offers a more adequate foundation for understanding resilience 

in the context of contemporary polycrisis conditions and for designing policies capable of 

addressing the complexity of regional development under persistent uncertainty. 
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