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Abstract

:

The increasing number of economic shocks and disruptions and their highly heterogeneous territorial impacts reopened the debate on the ability of regions to withstand and recover from exogenous shocks. This paper focuses on the recessionary impact of the 2008 global financial economic crisis. It empirically explores the relationship between pre-crisis spatial connectivity and economic resilience across European Union (EU) regions over the 2008–2015 period. The empirical analysis is performed on a sample of 1312 NUTS-3 regions in 25 countries. Standard, spatial and multilevel hierarchical regression models are applied to investigate the effect of spatial connectivity and other pre-crisis determinants on regional economic resilience across three geographical scales: national, NUTS-2 regional and NUTS-3 regional. The results show that accessibility is an important factor for EU NUTS-3 regions to build resilience capabilities to exogenous shocks. Our findings demonstrate that higher accessibility is associated with greater regional economic resilience. The model results indicate a positive effect of migration and a negative effect of the ageing population on regional reaction to the crisis. Our analysis highlights the importance of country effects and spatial spillover effects on the ability of regions to shape resilience capabilities.
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1. Introduction


Regional economies have been slowing down and facing great uncertainty and instability during the past two decades. The increasing number of shocks and disruptions, such as the global financial crisis in 2008, Brexit in 2020 and the outbreak of the coronavirus pandemic in 2020, along with their highly uneven spatial impacts have contributed to the popularity of the resilience concept in the context of understanding the varying ability of regions to react and recover from exogenous shocks.



Regional economic resilience can be defined as the capacity of a regional economy to absorb shocks, to reorganize and to retain its core function and structure [1]. Three distinct interpretations have been identified in the literature for the conceptualization and empirical application of a regional resilience framework, namely, the engineering, the ecological and the evolutionary approach [2,3]. The engineering resilience focuses on the resistance of a regional economy to external shocks and its ability to return to its pre-shock equilibrium, the ecological resilience refers to the capacity of a regional economy to absorb a shock and move into a new equilibrium state without changing its core structure, and the evolutionary resilience refers to the ability of a regional economy to adapt in the short run and develop new growth paths in the long run [4,5]. The former approaches relate to short-term responses to shocks and disruptions, while the latter approach relates to long-term responses [6]. Based on these approaches, the responses of regional economies to recessionary shocks are typically defined by four interrelated dimensions of resilience, namely, the capability to resist and absorb the shock, the extent of the recovery from the disturbance, the capability to make structural adjustments after the shock and the resumption of the pre-crisis growth path or the creation of a new growth path [2].



Regional economic resilience has been studied at various territorial levels, ranging from a country-level analysis, e.g., for the U.S. [7], China [8], Australia [9], the U.K. [10], Italy [11], Spain [12] and Greece [13], to a European-level analysis [14,15,16,17], using either large spatial units such as NUTS-1 and NUTS-2 or finer scales of geographical resolutions such as NUTS-3, municipalities and local labor systems. Τhe NUTS classification (nomenclature of territorial units for statistics) is a geographical system subdividing the territory of the EU into regions at three hierarchical levels, namely, NUTS-1, NUTS-2 and NUTS-3 (moving from larger to smaller territorial units, respectively) for collecting statistics, conducting analysis and for framing regional policies [18]. Several theoretical perspectives have been developed to investigate the concept of regional resilience and to identify the determinants of its geographic heterogeneity across the various territorial levels, including short-term responses to absorb an external shock [13] to long-term adaptation strategies to develop new growth paths [15]. Fingleton et al. (2012) explored the role of the industrial structure on the economic resilience of U.K. NUTS-1 regions for the period 1971–2010 [19]. Addressing the EU as a whole, Ezcurra and Rios [20] applied spatial regression models to examine the relationship between quality of government and regional resilience across the EU NUTS-2 regions. Di Pietro et al. [21] used a spatial general equilibrium model to investigate the vulnerability, resistance and recoverability of EU NUTS-2 regions and identify key regional resilience features. Giannakis and Bruggeman [13] and Christofakis et al. [22] used input–output models and shift–share analysis to explore the effect of sectoral interdependencies and sectoral specialization on the resilience of Greek NUTS-2 regions during and after the 2008 economic crisis. Di Caro [23] developed a non-linear smooth-transition autoregressive model to examine the engineering and ecological resilience of Italian NUTS-2 regional labor markets to economic shocks for the period 1992–2012.



At NUTS-3 scale, Giannakis and Bruggeman [24] applied multilevel regression models to identify differences in the resilience of urban, intermediate and rural labor markets. Rocchetta and Mina [25] explored the effect of technological coherence on the resilience of U.K. NUTS-3 regions to exogenous shocks for the period 2004–2012. Fratesi and Perucca [26] examined the role of territorial capital, i.e., the regional endowment of structural territorial assets, in the resilience of EU-NUTS-3 regions. Boschma et al. [27] and Cainelli et al. [28] investigated the effect of related variety on the resilience of the Spanish NUTS-3 regions and Italian local labor markets, respectively. At the municipality level, Holl [12] examined employment growth differences between urban cores, urban hinterlands and rural areas in Spain during the pre-crisis period and the recession period.



Research on the role of spatial connectivity on regional economic resilience remains relatively limited. Variations in regional economic resilience can be better understood if spatial interaction, in terms of connectivity and accessibility, is considered [29]. In this study, we identify the role of spatial connectivity in the ability of regions to withstand and recover from recessionary shocks through the concept of accessibility. Accessibility, which can be defined as the degree in which a particular location or area can be reached given available transport means [30], has been considered a key policy goal in spatial and transport planning [30,31], and plays a major role in improving the efficiency of spatial labor markets [32] and in achieving regional sustainability [33]. It is a valuable proxy of spatial connectivity because it embeds socio-connectivity network elements in its economic formulation [29]. A high degree of accessibility may propagate exogenous shocks, but may also increase the competitive efficiency of a region through the decrease in transportation costs and hence contribute to achieving a faster recovery [34]. Thus, studying the effect of spatial connectivity on regional resilience can help provide insights for longer-term policy decisions.



The majority of prior research restricts the analysis of economic resilience to the regional level alone, disregarding the importance of neighboring effects and country effects on regional resilience [24,35]. However, recent contributions in regional resilience literature have underlined the role of spillover effects on the capacity of regions to withstand and recover from recessionary shocks [20,28]. Similarly, recent studies have emphasized the role of national settings on regional resilience by capturing the hierarchical structure of resilience determinants [15,16].



This study aims to empirically explore the relationship between regional economic resilience and spatial connectivity. The main hypothesis is that the higher the accessibility of a region, the greater its capacity to withstand and recover from exogenous shocks. A second main contribution of the study relates to the methodological approach adopted to explore the link between spatial connectivity and regional economic resilience. The application of spatial regression models and hierarchical regression models allows us to investigate the role of spatial spillovers between neighboring regions in explaining the influence of spatial connectivity on regional economic resilience as well as the role of national settings in the ability of regions to withstand and recover from exogenous shocks. Third, the present study provides systematic evidence on the highly uneven capacity of EU regions to withstand and recover from the impact of the 2008 Great Recession.



Our analysis focuses on the first two dimensions of resilience, namely, the resistance and recovery phase of the EU NUTS-3 regions during and after the 2008 economic crisis, i.e., from 2008 to 2015, rather on longer term regional adaptability. We explore the spatial resolution of economic resilience at a finer scale of geographical resolution to attain better spatial homogeneity compared to larger territorial units. Several studies have shown that a region’s resistance to and recovery from an exogenous shock is influenced by its pre-shock growth path and inherent characteristics [16]. Here, we analyze how the pre-crisis spatial connectivity (2006) can affect the ability of regions to withstand and recover from recessionary shocks across different territorial levels (NUTS-3, NUTS-2, country level).



The paper is structured as follows. Section 2 gives an overview of the applied methodology and data. Section 3 is dedicated to presenting the results, while Section 4 discusses and concludes the study.




2. Materials and Methods


2.1. Measuring Regional Economic Resilience and Spatial Connectivity


Several indicators have been employed in the literature to empirically measure regional economic resilience [36]. In this study, following Lagravinese [37] and Giannakis and Bruggeman [17], we explore the resilience of a European NUTS-3 region  i  relative to the average of all regions (identified with index   E U  ), in terms of employment growth rates, as follows:


  RE  S i  =  [   (   E t   R i    −  E  t − 1    R i     )  /  E  t − 1    R i    −  (   E t  E U   −  E  t − 1   E U    )  /  E  t − 1   E U    ]  /  |   (   E t  E U   −  E  t − 1   E U    )  /  E  t − 1   E U    |   



(1)




where    E   R i      is the employment of the  n     (  i = 1 , … ,   n  )    NUTS-3 regions (persons);    E  E U     is the employment of an average region;   t − 1   is the starting year of the crisis period (2008); and  t  is the end year of the recovery period (2015). A positive value of the resilience indicator implies that region  i  exhibits greater resilience to an exogenous shock than the EU average, while a negative value implies that region  i  is less resilient than EU average. We focus on employment variations rather than output changes, as employment better reflects the social impact of the recession [17,20,38], while cyclical movements in employment tend to be more pronounced than changes in output [10].



The analysis of regional economic resilience is performed for 1312 EU NUTS-3 regions. Cyprus, Luxemburg and Malta as well as the Spanish, French and Portuguese overseas regions are excluded from the analysis. The spatial distribution of the regional economic resilience, which is illustrated in Figure 1, highlights the heterogeneous geography of the ability of regions to withstand and recover from the economic downturn. First, the regional geography of economic resilience is clearly influenced by national settings. Regions in southern (e.g., Spain, Portugal, Greece) and eastern (e.g., Bulgaria) EU countries were non-resilient to economic crisis. On the contrary, most of the regions in Belgium and the U.K. were resilient to recessionary shock. However, important within-country disparities of resilience can be also observed (e.g., France, Germany). Second, regional economic resilience is not randomly distributed across space. Spatial clusters of low-resilience regions are observed mainly in Spain, Portugal, Italy and France, while high-resilience regions surrounded by high-resilience regions are mainly present in Germany, Austria, the U.K. and Poland. It should be noted, however, that there are relatively few regions exhibiting a markedly different performance from their neighbors.



We use the multimodal potential accessibility indicator [39] to operationalize and quantify the spatial connectivity of regions. Potential accessibility is one of the most important indicators for measuring accessibility and connectivity by using different modes of transport [33]. The ESPON multimodal accessibility indicator, which describes how easily people in one region can reach people located in other regions, integrates accessibility by road, rail and air, and its calculation is based on the population in NUTS-3 regions and the travel time to reach them [39]. Pre-crisis values of the accessibility indicator are available for the year 2006.



The most accessible regions are found in the core part of the EU (Figure 2), e.g., Belgium. On the contrary, the accessibility of southern EU regions, e.g., Spanish, Italian and Greek regions, is very low with the exception of the capital regions (e.g., Madrid, Rome, Athens), which benefit of the international connections of their airports. Similarly, regions in the eastern (e.g., Bulgaria) and northern (e.g., Finland) part of the EU also exhibit low accessibility.




2.2. Empirical Model


A cross-sectional linear regression model (OLS) is estimated to empirically explore the relationship between spatial connectivity and regional economic resilience as follows:


   R E S  = β  ACCESS  +  X γ  + ε  



(2)




where    R E S    is a    (  n × 1  )    vector of the economic resilience of the  n  NUTS-3 regions;    A C C E S S    is a    (  n × 1  )    vector of the multimodal accessibility of the  n  NUTS-3 regions;  β  is the coefficient of    A C C E S S   ;    X  =  [    X  0      X  1    …     X   m    ]    is a    (  n ×  (  m + 1  )   )    matrix of the  m  control variables with     X  0    being a      (  n × 1  )    vector of units, and    γ  =    [    γ  0      γ  1  …     γ   m    ]   ′    (transposed) is a    (   (  m + 1  )  × 1  )    vector of coefficients of the  m  control variables, with     γ  0    being the constant term; and  ε  is a    (  n × 1  )    vector of error terms. The model was estimated with robust standard errors to rule out any bias coming from heteroscedasticity.



Considering that the ability of regions to absorb an external shock has been shown to have a spatially non-random distribution [15,20,24] (Figure 1), we additionally apply two spatial dependence cross-sectional models, namely, the spatial error term (SEM) and the spatial lag model (SLM), to capture the effect of spatial spillovers. The SEM model, which captures the spatial autoregressive process in the error term, can be expressed as follows [40]:


   R E S  = β  A C C E S S  + X γ + λ W μ + ε  



(3)




where  λ  is the spatial autoregressive error coefficient and   W   is a    (  n x n  )    spatial weight matrix with non-negative elements, indicating the spatial relationship between a region and its neighbors. The row-standardized spatial weight matrix    (  W  )    is constructed using a Euclidian distance threshold of 178 km between the centroids of the regions, which is the minimum cut-off distance that allows all regions to have at least one neighbor, and  μ  is a    (  n × 1  )    disturbance vector.



The SLM model, which captures the autoregressive process in the dependent variable, takes the form [40]:


   R E S  = β  A C C E S S  +  X γ  + ρ  W R E S  + ε  



(4)




where  ρ  is the spatial autoregressive parameter and    W R E S    is a    (  n × 1  )    vector of the spatially lagged response variable.



We apply the generalized spatial two-stage least squares (GS2SLS) estimator [20,41] to estimate the parameters of the model. The estimator provides consistent estimates even when the error terms in Equations (3) and (4) are heteroscedastically distributed over the observations. Moran’s I-statistic is applied to test for spatial randomness of the   RES  . Two Lagrange Multiplier (LM) tests, as well as their robust counterparts, are applied to test the significance of the SEM and SLM models.



Considering that the resilience processes in regions are nested in national settings such as institutions, national policies, legislation and governance [17,24,35] (Figure 1), we include country dummy variables in the regression models (column 2a–2c) to control for country-specific effects. A joint null hypothesis that the coefficients of the country dummies are zero is tested with an F-test.



To further investigate the effect of the national context on the ability of regions to absorb an external shock, we additionally apply a hierarchical linear regression model (HLM) to make use of the nested structure of the data set, that is, 1312 EU NUTS-3 regions (level 1) nested within 260 NUTS-2 regions (level 2), which are nested within 25 countries. In particular, a three-level hierarchical linear regression model is formulated as follows:


    RES   ijk   =  γ 0  +    β ACCESS    ijk   +   ∑   q = 1  m   γ q   X  i j k q   +  u  jk   +  v k  +  ε  ijk    



(5)




where   i = 1 , … , n   ( n  denotes the number of NUTS-3 regions);   j = 1 , … , J   ( J  denotes the number of NUTS-2 regions);   k = 1 , … , K   ( K  denotes the number of countries);   q = 1 , … , m   (control variables);    u  j k     is the NUTS-2 regional random intercept;    v k    is the country random intercept; and    ε  i j k     is the error term at NUTS-3 level.



The country-level    (   σ v 2   )   , the NUTS-2 regional-level    (   σ u 2   )    and the NUTS-3 regional-level    (   σ ε 2   )    variance components measure how variation is allocated across the three different levels. The Intraclass Correlation Coefficient (ICC) is applied to quantify the proportion of variance in regional resilience that can be attributed at each territorial level of the model hierarchy [35,42].




2.3. Control Variables


The control variables used in this study to account for pre-crisis factors that may affect the ability of EU NUTS-3 regions to withstand and recover from the recessionary shocks are detailed in the following sub-sections. The reference year for the pre-crisis control variables is 2007. The only exception in the explanatory variables is the indicator of accessibility, which refers to the year 2006.



2.3.1. Migration


Migration has counterbalanced the negative population trends in many EU regions and has been positively associated with regional resilience [17,24]. Here, the percentage of the pre-crisis net migration to total population is used to capture migration effects [43].




2.3.2. Population Density


A proxy variable of agglomeration economies, i.e., population density (thousand persons per square kilometer), is used to capture the effect of pre-crisis agglomeration forces on regional resilience [44,45].




2.3.3. Age Structure


Population structure, which directly affects labor supply, can influence regional economic resilience [20,24]. Several studies have shown a negative association between older populations and labor productivity [46,47]. To capture the effect of the pre-crisis age structure on regional economic resilience, we use the old-age dependency ratio, i.e., population > 65 years to the population 15–64 years [48].




2.3.4. Regional Economic Development


The pre-crisis development level of a region has been positively associated with its ability to react and recover from recessionary shocks [17,49]. The gross domestic product (GDP) per capita is used to capture the effect of territorial economic development [50].




2.3.5. Labor Market Performance


Similarly, the pre-crisis labor market performance may affect the resilience of regions to recessionary shocks [51,52]. We use the regional employment percentage change between 2002–2007 to capture these effects [53].




2.3.6. Urbanization


The degree of urbanization has been found to be either positively [12,54] or negatively [13,52] associated with regional economic resilience. Based on the urban–rural typology of Eurostat [55], a dummy variable is used to classify NUTS-3 regions into urban and non-urban (rural and intermediate). A limitation of the selected urban–rural typology is that it does not account for differences in the size of the cities, which may affect regions’ reaction to the shock [24,54].



The definitions and descriptive statistics of the dependent and explanatory variables included in the regression models, except the dummy variable for the region type, are presented in Table 1.






3. Results


The results of the econometric models are presented in Table 2. Estimations are performed through standard (Equation (2)), spatial (Equations (3)–(4)) and multilevel hierarchical (Equation (5)) models, and show comparable results in terms of coefficients, standard errors and in terms of significance levels. The first series of regressions (columns 1a–c) do not include country dummies. Moran’s test (I-statistic = 12.950, p = 0.000) and the LM tests reveal the existence of spatial dependence in regional resilience.



With the inclusion of country dummy variables in the econometric specifications (columns 2a–c), no spatial autocorrelation can be detected. There is empirical evidence that the inclusion of country dummies largely reduces the importance of spatial correlation [56,57]. Country dummies, which account for unspecified country-specific attributes that may affect regional resilience, are jointly significant at the 1% level. Thus, we can reject the null hypothesis that the coefficients of the dummy variables are zero and conclude that country-specific factors have a significant effect on the resilience of European NUTS-3 regions.



The results of the HLM (column 3) confirm the signs and the significance levels of the determinants of regional resilience, thus highlighting the robustness of the results of our analysis. The country-level ICC equals 0.28; that is, 28% of the variance in the resilience of NUTS-3 regions can be attributed to country effects. The NUTS-2 regional-level ICC equals 49%; i.e., 49% of the variation in economic resilience of NUTS-3 regions lies within countries between NUTS-2 regions, thus highlighting the importance of NUTS-2 regional-level settings on the ability of NUTS-3 regions to withstand and recover from exogenous shocks.



Focusing on the major objective of the paper, the main finding is that the coefficient of accessibility, i.e., the measure of spatial connectivity, is positive and statistically significant; that is, the higher the accessibility of a region before 2008, the greater its resistance and recovery from the crisis for the period 2008–2015. The significance and sign of accessibility proved to be robust over all model specifications of regional resilience. The most accessible regions before 2008, i.e., those located in the economic center of the EU (Figure 2), were more resilient to the impact of the Great Recession (Figure 1). For example, the dense road network of the regions of Belgium is highly integrated with that of neighboring regions and countries [38]. Conversely, the lowest accessibility is found in the southern (e.g., Greece), northern (e.g., Finland) and eastern (e.g., Bulgaria) part of the EU (Figure 2).



Our empirical results indicate that pre-crisis migration has a positive statistically significant effect in determining regional economic resilience in all models. The analysis also shows a negative influence of the ageing population on regional resilience across all models. The positive effect of the level of the pre-crisis economic development (GDP per capita) is found statistically significant across the EU NUTS-3 regions for the HLM model. On the contrary, the pre-crisis labor market performance is negatively associated with regional economic resilience, but this relationship becomes not statistically significant with the inclusion of the country dummy variables in the econometric models (columns 2a–c) and for the HLM model. Similarly, the effect of the degree of urbanization becomes not statistically significant with the inclusion of the country dummies in the regressions (columns 2a–c) and for the HLM model.



We carried out alternative specifications of the spatial weight matrix    ( W )   , using a series of distance threshold cut-off values, namely, distances of 200, 300 and 500 km, to test the sensitivity of the spatial correlation of the regional economic resilience; the results do not significantly differ.




4. Discussion and Conclusions


This paper has empirically explored the relationship between spatial connectivity and regional economic resilience in the EU during and after the 2008 Great Recession. The results indicate that accessibility is an important factor for EU regions to build resilience capabilities. Our estimates reveal that higher accessibility is associated with greater regional economic resilience. The results from a recent study undertaken to estimate the relationship between spatial resilience and spatial accessibility for the municipalities of the Netherlands and Sweden clearly demonstrated the significance of spatial accessibility in the ability of municipalities to absorb and recover from the 2008 economic crisis [34]. Östh et al. [29] report similar findings for the municipalities in Sweden, where the major economic centers, i.e., the most accessible locations in Sweden, were found to be the most resilient areas. Hurtado et al. [58] examined the regional performance in six U.S. states during the last recession (2008–2009) and post-recession (2010–2014); the findings of the study revealed that transportation accessibility was positively associated with regional economic resilience during and after the 2008 Great Recession. Giannakis and Bruggeman [24] found a positive effect of accessibility on the economic resilience of the intermediate EU regions. Reggiani et al. [32] showed that accessibility increases the intensity of knowledge flows between places and improves the efficiency of German labor markets. Cohesion strategies and policies improving the accessibility of European regions can help local economies to shape greater resilience capabilities.



Our model results show that migration is positively associated with the economic resilience of EU NUTS-3 regions. Several studies have found a positive effect of migration on the economic resilience and productivity in EU regions [17,24] and the U.S. [59]. The highest positive effect of migration on regional resilience was observed for the EU rural areas [24]. Huang [60] found that immigration enhanced the economic resilience of U.S. metropolitan areas to the 2008 Great Recession. Ghosh and Mastromarco [59] showed that immigration positively affects the total factor productivity in the U.S. On the contrary, our findings show that an ageing population is negatively associated with the ability of EU regions to react and recover from the recessionary shock. A recent study has shown the negative effect of the 65-plus age group on the resilience of EU rural regions [24]. Lindh and Malmberg [46] found a strong negative association between economic growth and the population shares of older people (65 years and older) for the OECD countries. Ezcurra and Rios found a positive association between the share of population aged 55–64 years and the economic resilience of the EU NUTS-2 regions during the 2008 Great Recession. Finally, our results indicate a positive association of the level of economic development with the resilience of EU regions. Similar results were reported for the urban and rural EU NUTS-3 regions [24]. Petrakos and Psycharis [49] also report that the advanced NUTS-3 regions in Greece, in terms of GDP per capita, were in a better position to confront the 2008 economic crisis.



The present paper delves into the role played by national settings and spatial spillovers in shaping the ability of regions to resist and recover from exogenous shocks. In line with other studies [24,35], our findings indicate the importance of country effects and NUTS-2 regional-level effects in the ability of the EU NUTS-3 regions to react and recover from recessionary shock, thus highlighting the magnitude of applying multilevel techniques for data characterized by a nested structure. Webber et al. [16] explored the connections between regional economic resilience and regional and national growth trajectories in Europe during the period 1990–2011. The findings of the study reveal that European regions have empirically identifiable long-run and path-dependent development trajectories that are significantly shaped by national trajectories; 75% of the variation in gross value added per worker at the NUTS-3 level was attributable to country-level variation in the studied period. Giannakis and Bruggeman [24] examined the effect of the national context in the economic resilience of the EU NUTS-3 urban, intermediate and rural regions during the 2008 economic crisis. Their findings indicate that the magnitude of the country effects was largest for the rural regions; 79% of the variance in the probability of a rural NUTS-3 region to be resilient was attributable to country effects. Hundt and Holtermann [35] focused their analysis on the particular role of the national settings for the resistance and recovery of the EU NUTS-2 regions from exogenous shocks during the period 1990–2014. The results of the study suggest that the impact of the country effects is strongest during the resistance phase when the national level accounts for up to 44.9% of the variance in regional GDP development, while during recovery, the national share decreases but still amounts to no less than 22%. Moreover, the spatial dependence of regional economic resilience reveals the role of spatial spillover effects on the ability of regions to shape resilience capabilities. Ezcurra and Rios [20] emphasize the existence of strong spatial dependence in the resilience of EU NUTS-2 regions during the 2008 Great Recession, that is, the resilience capacity of a given region is positively affected by resilience in neighboring regions. Similarly, Pontarollo and Serpieri [15] indicated that the renewal capacity of the EU NUTS-2 regions during the recent crisis is related to the renewal in their neighbors.



The extension of the study period to capture periods of growth and decline, including the current coronavirus pandemic crisis, and the application of spatial panel regression models to explore the year-to-year regional responses, can provide a more complete perspective of the relationship between spatial connectivity and regional economic resilience. Future research could also control for the effects of the exogenous technological change and the substitution between the inputs of production.
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Figure 1. Regional economic resilience in the EU for the 2008–2015 period. Source: Own elaboration based on Eurostat data. 
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Figure 2. Regional accessibility in the EU in 2006. Source: Own elaboration based on ESPON data [38]. 
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Table 1. Descriptive statistics of the dependent and explanatory variables used in the regression models for the 1312 EU NUTS-3 regions.
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	Mean
	Std. Dev.
	Min
	Max





	Resilience
	1.090
	6.765
	−20.280
	145.932



	Accessibility
	102.753
	38.588
	21.530
	212.940



	Migration
	26.285
	68.950
	−165.990
	511.896



	Population density
	0.573
	1.389
	0.003
	20.893



	Age structure
	27.645
	6.225
	10.289
	52.666



	GDP per capita
	25.021
	17.668
	2.300
	378.500



	Labor market performance
	4.258
	7.310
	−31.584
	40.602







Notes: GDP, gross domestic product.
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Table 2. Regression estimates of the pre-crisis determinants of regional resilience for the ordinary least squares (OLS), spatial error (SEM), spatial lag (SLM) and hierarchical linear regression (HLM) models for the 1312 EU NUTS-3 regions.






Table 2. Regression estimates of the pre-crisis determinants of regional resilience for the ordinary least squares (OLS), spatial error (SEM), spatial lag (SLM) and hierarchical linear regression (HLM) models for the 1312 EU NUTS-3 regions.















	
	(1a)

OLS
	(1b)

SEM
	(1c)

SLM
	(2a)

OLS
	(2b)

SEM
	(2c)

SLM
	(3)

HLM





	Accessibility
	0.066 ***

(0.005)
	0.051 ***

(0.008)
	0.040 ***

(0.006)
	0.012 *

(0.007)
	0.012 *

(0.007)
	0.012 *

(0.007)
	0.020 **

(0.009)



	Migration
	0.005

(0.007)
	0.014 ***

(0.004)
	0.008 ***

(0.003)
	0.025 **

(0.010)
	0.025 ***

(0.010)
	0.026 ***

(0.010)
	0.021 ***

(0.003)



	Population density
	−0.075

(0.203)
	−0.182

(0.168)
	−0.078

(0.150)
	0.202

(0.187)
	0.214

(0.184)
	0.175

(0.177)
	−0.187

(0.155)



	Age structure
	−0.171 ***

(0.034)
	−0.096 ***

(0.036)
	−0.116 ***

(0.029)
	−0.159 ***

(0.026)
	−0.160 ***

(0.025)
	−0.158 ***

(0.025)
	−0.135 ***

(0.038)



	GDP per capita
	0.020

(0.017)
	0.014

(0.012)
	0.011

(0.012)
	0.011

(0.012)
	0.012

(0.012)
	0.011

(0.012)
	0.020 *

(0.012)



	Labor market performance
	−0.114 ***

(0.042)
	−0.076 ***

(0.028)
	−0.077 ***

(0.026)
	−0.016

(0.026)
	−0.016

(0.026)
	−0.016

(0.026)
	−0.037

(0.028)



	Urban areas
	−1.091 *

(0.644)
	−0.021

(0.543)
	−0.405

(0.478)
	0.257

(0.697)
	0.252

(0.694)
	0.309

(0.687)
	0.779

(0.507)



	Constant
	−0.771

(1.382)
	−1.850

(1.337)
	−0.420

(0.941)
	3.387 *

(1.853)
	3.390 *

(1.808)
	3.177 *

(1.819)
	0.332

(1.594)



	Moran’s I
	12.950 ***
	
	
	0.184
	
	
	



	LM error
	152.230 ***
	
	
	1.905
	
	
	



	Robust LM error
	0.517
	
	
	0.246
	
	
	



	LM lag
	187.012 ***
	
	
	1.672
	
	
	



	Robust LM lag
	35.299 ***
	
	
	0.014
	
	
	



	λ
	
	0.511 ***

(0.048)
	
	
	−0.191

(0.378)
	
	



	ρ
	
	
	0.448 ***

(0.043)
	
	
	0.297

(0.206)
	



	Adjusted R-squared
	0.177
	
	
	0.357
	
	
	



	Pseudo R-squared
	
	0.155
	0.247
	
	0.357
	0.356
	



	Country dummies
	No
	No
	No
	Yes
	Yes
	Yes
	



	Country-level variance component    (   σ v 2   )   
	
	
	
	
	
	
	12.847 (4.710)



	NUTS-2 regional-level component    (   σ u 2   )   
	
	
	
	
	
	
	9.896 (1.901)



	NUTS-3 regional-level component    (   σ ε 2   )   
	
	
	
	
	
	
	23.782 (1.092)







Notes: GS2SLS is the estimation method in the SEM and SLM models. Standard errors are shown in parentheses (robust standard errors for the OLS models). * Significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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