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Abstract

The 2007 economic shock had a strong impact in Italy, hampering the efforts to reduce the regional
disparities. Using the concept of resilience, the aim of the paper is twofold: first, to explore the
resilience regional determinants; second, using a spatio-temporal approach, to analyze if resilience
is not only a regional attribute, but also a process influenced by the geographical localization.
Results highlight that Italy is polarized in two clusters: the first one composed by resilient regions
and a second one grouping the non-resilient regions. The first one, the more dynamic, has been able
to resist and recover after the shock, while the latter one has been trapped in a less dynamic and less
competitive socio-economic model. This polarization not only remains after the shock, but it

becomes stronger.
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1. Introduction

Resilience, the ability of a system to withstand and recover after a shock, is a quite popular concept
and, for the time being, it is used in several fields such as engineering and ecology. Recently, this
approach has also been used in the social sciences, especially in the economic and regional field,
creating a large body of literature. “Despite the notable theoretical and empirical achievements
made by scholars studying economic resilience, some unsettled aspects request further
investigation” (Di Caro and Fratesi, 2018, p.236). Two main lines of research can be identified
(Cellini and Torrisi, 2014). The first one studies the effects of "great shocks" on the growth of cities
(Bosker et al., 2007) and a second line of research includes analyzes on regional growth and on how
regions respond to national and / or international economic shocks (Simmie and Martin, 2010).
Recent contributions by Fingleton, Garretsen and Martin (2012) and Martin (2012) clarify how
resilience can provide an interesting reading key for understanding the differences between
territories.

After a seven-year cycle of moderate growth, the international crisis has pushed Italy into
the deepest recession of the last 50 years of its history. Italy was the first country in the Euro Area
to record a downturn already in 2008 (Fabbris and Michielin, 2010). The difficulties of the Italian
economy have a distant origin. Between the mid-90s and 2007, the average annual growth rate of
GDP (1.5 per cent) was just over half that of the euro-area countries (2.5 per cent). Similarly, labor
productivity developments followed a substantially similar trend and this happened because of the
difficulties with which Italy faced the important changes that were taking place in the global
context: the change in the technological paradigm caused by new information and communication
technologies, the global integration of real and financial markets, the emergence of large rapidly
developing economies, the tendency to a geographical segmentation of production on a global scale
(Signorini, 2013). The strong cyclical contraction of international trade primarily penalized the
central northern regions, which were more export-oriented. However, subsequent economic trends
have reflected the advantages of the most competitive areas, with better access to international
markets (Signorini, 2013).

The aim of the paper is to identify the determinants of regional resilience in Italy at socio-

economic level through a spatio-temporal analysis.



The paper is organized in the following way: in the first part, the concept of resilience will
be examined in relation to the regional context. In the second part, the methodology and the main

results of the survey will be presented. Some final considerations conclude the work.

2. Literature review

The concept of resilient has evolved considerably since Holling’s (1973) seminal paper and it has
attracted the attention from regional analysts and economic geographers only recently. In one of the
pioneering study, Reggiani et al. (2002) argued that the notion of “resilience” could be a key aspect
of the dynamics of spatial economic systems, especially concerning how such systems respond to
shocks, disturbances, and perturbations. As a consequence, the notion of resilience not only can be
adopted in a scientific context, but it can also be used in a socio-economic system where resilience
can be seen as a conceptual framework and regions can be represented in a dynamic and holistic
way, in which social and economic components are interrelated (Swanstrom, 2008).

The growing interest for the notion of resilience and the socio-economic system has been
stimulated by several factors (natural disasters, terroristic attacks, economic shocks). After the 2007
economic shock, resilience received a growing interest as response to a generalized sense of
uncertainty and insecurity from the perception that processes associated with globalization have
made places and regions more permeable to the effects of what were once thought to be external
processes and it has been seen as an answer to the search for formulas for adaptation and survival
(Christopherson et al., 2010).

Resilience, the ability of a system to deal with a shock, can be interpreted using three
different approaches: engineering — the ability of a system to return to its state of equilibrium after
the shock, ecological — the scale of shock that a system is able to absorb before moves to a different
state, and, finally, and adaptive approach- ability of the system to reorganize its form or functions
(Martin, 2012).

Resilience literature is wide and it can be ideally divided in two lines. The first one, prior
2008, focalized the attention on dynamics of complex, adaptive, social-ecological systems (SES) -
the ability of groups or communities to cope with external stresses and disturbances as a result of
social, political and environmental change (Holling 1973; 1996; 2001; Gunderson, 2000; Adger,
2000; Walker et al., 2004; Carpenter et al., 2005). Following this approach resilience is a process
(Pendall et al., 2007) and it includes those inherent conditions that allow the system to absorb
impacts and disturbance and cope with an event, as well as post-event. Moreover, it is an adaptive
process that facilitates the ability of the social system to re-organize, change, and learn in response

to a threat (Cutter et al., 2008) and reorganize while undergoing change, so as to still retain
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essentially the same function, structure, identity, and feedbacks (Walker and Mayers, 2004). These
contributions take into consideration not only the economic components of a system, but also the
social ecological ones.

A second wave of contribution started with a special issue of Cambridge Journal of Regions,
Economy and Society (2010) and is mainly focalized on the economic resilience after the 2007
economic shock and it can be ideally split in two different lines. The first one, focused on the spatial
asymmetry in the reaction to the 2007 economic shock (Cellini and Torrisi, 2014; Crescenzi et al.,
2016; Fingleton et al., 2012; Martin, 2012) and a second one, regarding the determinants of regional
resilience (Lee, 2014, Martin et al., 2016; Fratesi and Perrucca, 2017). These contributions consider
resilience as a process including, as part of the analysis, not only the consequences of the shock, but
also the previous regional situation.

At this point, a definition of resilience it is necessary. Following Martin (2012), resilience
can be defined as the ability of a system to withstand, cope with or recover after a shock. In
accordance with this definition, resilience is a multifaceted process made by four interrelated
dimensions: resistance- the degree of sensitivity or depth reaction to the shock-, recovery — the
speed and the degree of recovery after the shock-, re-orientation — adaptability of regional economy
in response to the shock-, renewal- the extent to which regional economy renews its pre shock
growth path or hysteretic shift to new growth path (Martin, 2012). The way whereby these
dimensions are interrelated is still unexplored in literature. In order to focus not only on the reaction
to the shock, but also on the consequences, we will define resilience as the ability of a region to
reconfigure their socio-economic and institutional structure to develop new growth path (Bosham,
2015). This definition is wide enough and it has the advantage to underlying the importance of the
social components in regional resilience. In accordance with the definition of resilience, our starting
point is represented by the idea the resilience is a process (Pendall, Foster and Cowell, 2007) and
the ability to reconfigure the social economic structure will depend also from the choices made
during the past (Gardiner et al., 2013 for UK, Lagravinese, 2015 for Italy, Cuadraro-Roura and
Maroto, 2016 for Spain).

The shock definition is important to be identified. Shocks can be different for severity and
length and they can impact in different ways across different regions. Moreover, different shocks
generate different reactions and, as a consequence, different levels of resilience (Martin et al.,
2016). Therefore, resilience cannot be considered as a fixed attribute of a region (Martin, Sunley
and Tyler, 2015). The shock is the 2007 economic shock, considered as the deepest crises since

1930s, and it has severely hit Italian regions. Our intent is not only to analyse the impact of



economic crises on ltalian regions, but also to contribute in understanding what determines the
regional resilience and what makes it more or less resilient.

These objectives are related to the comprehension of the spatial effects in the resilience
framework. In fact, both natural and man-made disasters can have various spatial effects.
Investigating these phenomena is a complex, but very strategic problem for identifying spatial
configurations that can allow greater resilience. Space - considered as a container of actions - plays
a significant role in this sense because within the "spatial economy" we are able to unite the spatial
and economic processes characterized by high levels of uncertainty, and uncertainty is at the centre
of resilience (Caschili et al., 2015).

In order to predict and minimize the substantial economic losses generated by disruptive
events, the attention of scholars is now turning to the resilience of economic space systems (Rose,
2009).

3. Resilience determinants: the model

The aim of the empirical analysis is to identify the determinants of regional resilience using a
spatial-temporal analysis. Several methods are used to measure the reaction capacity of a regional
economic system. In our work, we will refer to the approach used by Cuadraro-Roura and Maroto
(2016) who consider resilient regions those that independently of the gross domestic product (GDP)
per capita before the shock, have been able, after the shock, to have a GDP growth rate per capita
higher than the national average.

Our analysis aims to overcome the idea that resilience is only a regional phenomenon, but it
will depend also from geographical localization. Among spatial units, there may be a spatial
dependence i.e. a functional relationship between what happens at one point in space and what
happens elsewhere. Spatial effects such as spatial heterogeneity and spatial dependence should be
taken into consideration in order to explore resilience not only as a regional attribute, but also as a
consequence of the geographic localization. Spatial panels refer to geo-referenced data over time
(Baltagi and Li, 2004; Elhorst, 2014; Elhorst, 2017), which simultaneously consider both the spatial
and temporal elements using spatio-temporal analysis.

The model includes in the analysis the main macroeconomic variables of aggregate demand,
such as private investments and net imports (import-export) (Dormady et al., 2019). Moreover,
other variables have been added in order to explain resilience. In particular, some technological
ones have been included, such as number of patents and R&D expenditure. Spending on R&D is an
economic variable linked to patent intensity. The value of R&D represents the input of a production

function whose output is the number of patents. Patent and R&D expenditure are closely related.
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Despite this, as pointed by Bilbao-Osorio and Rodriguez-Pose (2004), the impact of R&D on
innovation (captured by patent) can follow different paths depending on the typology of R&D
investment. Our analysis will take into consideration the total R&D expenditure that includes both
the public and the private component. The Italian regions are characterized by the well-known
north-south dichotomy in which the incidence of R&D expenditure in the private sector is higher in
the north, while the south is characterized by a higher incidence of public spending on R&D.

The model also includes a financial variable, the financing risk (RF), which captures the
effects of the credit market, which is often included among the indicators that can explain resilience
(Modica and Reggiani, 2015). This variable corresponds to the ratio between the amount of non-
performing bank loans and the amount of credits disbursed by the banking system. The higher is the
RF indicator the lower is the firm reliability. Moreover, regional specialization, captured in the
model through the Local Quotient constructed using employment in the sectors of agriculture,
industry, construction and services, will be taken into consideration (Martin et al., 2016,
Lagravinese, 2015).

Finally, variables for social dimension are added. The choice of social resilience indicators
is debated in the literature (Modica and Reggiani, 2015; Camagni, 2009; 2017). Following these
authors, the school dropout rate and the number of STEM (graduates in scientific and technological
disciplines) were considered as social resilience covariates. These variables do not provide a
complete view of the regional social and cultural dimension, but, in accordance with the parsimony
principle, and in order to avoid phenomena such as latent endogeneity and collinearity, we will
focus on these particular aspects that appear to be consistent with the objectives of the present work.
The school dropout rate is actually a proxy for a condition of social hardship, while STEM
graduates capture the "technological™ supply component of human capital.

The description of the variables is shown in Table 1.A in the appendix. The model is

described by the following equation (1)

ll’l(GDPit) = Nlit + STEMlt + Iit + ABBit+IBit + RFit + RDit + LQait+LQiit+LQcit + LQSit + Eit (1)

where i is the region (Bolzano e Trento, that are a special province, are considered NUTS 2) and t
time 1998< t <2012. The period under consideration (1998-2012) can be divided into two sub-
periods; the first, prior to the economic shock (1998-2007) and the second, indicated as a period
during the crisis that refers to the years 2008-2012.

In order to analyze the resilience determinants, a Cliff-Ord (Cliff and Ord 1973; 1981;
Kelejian and Prucha, 1997) Spatial Error Model (SEM) will be considered. Moreover, error will be
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modelled using the Baltagi (Baltagi and Li, 2004) specification, where the spatial component is on
the error term. Finally, the model will be estimated using the R software with the package spml
(Millo and Piresi, 2012). A fixed effect model has been used in accordance with Elhorst (2014) and
the Hausman test with spatial panel data specification proposed by Mult and Pfaffermayr (2011).
The model is the following:

Yie = XpeB + e (2)
The residuals are spatially auto correlated:

u=p+e 3

with &, = AWe, + v, where u; = (Ugq - Ugy) @Nd & = (€1 - Een)-
ue(uq ....uy) is a vector of regional random effects IIN(O; aj), A is the spatial coefficient, with
|A] < 1 and W is the spatial weight matrix, NxN, where the diagonal elements are equal to 0.
The estimates will be conducted for the regions as a whole, for the subset of the resilient regions

and for the subset of the non-resilient regions.

3.1. Italian regional resilience

As previously discussed, in accordance with Cuadraro-Roura and Maroto (2016), the resilient
regions are those that, independently of the gross domestic product (GDP) per capita before the
shock, have been able, after the shock, to have a GDP growth rate per capita higher than the
national average. The results are displayed in Figure 1.

Regions located in the first quadrant, at the top right, are characterized by a high level of
GDP and a growth of the same above the national average. The regions that fall in the second
quadrant, in the upper left, have a lower GDP level than the national average, but a higher growth
rate. The regions that have a GDP level and a growth rate lower than the national average belong to
the third quadrant, bottom left. In the fourth quadrant, at the bottom right, are the regions with a
GDP level higher than the national average and a growth rate that is lower than the national
average.

During the period 1998-2007, the Italian regions with a GDP level below the national
average had a period of high growth, while, after the 2007 shock, this process was completely
reversed: the regions with a low GDP level per capita had a lower level of growth than the national
average, while regions with a high level of income had growth above the average national growth
rate.

In the period between 2008 and 2012 the Gross Domestic Product (GDP), measured in
volume, marked a rather diversified dynamic at the territorial level, with a less marked reduction

compared to the national average in the Center and North (-7.0%), and much more accentuated in
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the South (-13.1%). During the modest recovery of 2010-11, the Central North's GDP increased,
cumulatively, by 3.2 per cent, while that of the Southern regions decreased further (-0.8 per cent),
also due to the traditional greater dependence of this area on public demand. In 2012 the product of
the southern regions fell by 2.9 per cent, compared to -2.4 per cent in the Center and North.

Overall, the regions that had, in the period following the shock, a GDP growth rate higher
than the national average were Tuscany, Valle d'Aosta, Lombardy, Trento and Bolzano, Sardinia,
Abruzzo and Puglia.

Figure 1. Average annual growth rate and per capita GDP 1998-2007; 2008-2012
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3.2. The spatial analysis

Estimated results are summarized in Table 1.

Table 1. SEM Spatial Panel Fixed Effect

dep. Variable= In(GDP)
1998-2007 2008-2012

all data-set non-resilient resilient all data-set non-resilient resilient

ni -7.4688e-03*** -6.1645e-03*** -0.0072556*** -6.3474e-03*** -0.00382897*** -8.8318e-03***
(< 2.2¢-16) (7.748e-16) (< 2.2¢-16) (5.557e-14) (0.0006874) (< 2.2e-16)

stem 2.9860e-03*** 1.9664e-03* 1.4973e-03** -1.1320e-03 -0.00125309 -4.0004e-04
(2.535e-08) (0.012039) (0.008739) (0.1813373) (0.4340173) (0.4802495)

i 1.0253e-02*** 9.4105e-03*** 8.1212e-03*** 7.7337e-03%** 0.00523847** 1.2412e-02***
(< 2.2e-16) (1.779e-10) (6.646€-09) (2.976e-08) (0.0020049) (< 2.2e-16)

abb -2.9606e-03*** -1.0167e-03 -2.0587e-04 6.0769e-04 0.00132281 -7.0164e-04
(0.0002407) (0.343284) (0.817072) (0.6429369) (0.4670516) (0.5769389)

ib 1.8853e-04* 1.6673e-05 2.1202e-04* 1.1778e-05 -0.00011296 2.2547e-04***
(0.0371164) (0.899568) (0.022751) (0.8947729) (0.3008158) (0.0007071)

rd -3.8836e-03 -4.6734e-02** 8.2258e-03 -1.2034e-02 0.00921673 2.5566e-02*
(0.7828797) (0.006261 ) (0.675912) (0.5368277) (0.7308012) (0.0753217)

rf 5.5251e-05 5.9910e-04 -3.4627e-03 -2.4678e-04 0.00106207 -4.1990e-03***
(0.9468942) (0.475595) (0.058509) (0.7553301) (0.2306075) (10.0001990)

Iga 1.4679e-02** 1.6333e-02** 3.6796e-03 7.0900e-03 0.03378824* -3.8958e-02*
(0.0098711) (0.004971) (0.773002) (0.6332937) (0.0344240) (0.0123032)

Iqi -2.7855e-02 3.5401e-02 -5.8040e-02 5.0819e-02 0.16733173*** -3.0409e-02
(0.2873393) (0.287252) (0.294432) (0.1602605) (0.0001091) (0.5006120)

Igc 1.7460e-02 2.1744e-02 1.4430e-02 8.1591e-02*** 0.06975741** -3.0137e-02
(0.1280476) (0.120306) (0.459246) (0.0004976) (0.0087197) (0.3173064)

Igs 7.2920e-02* 5.8142e-02 -2.4363e-02 6.5018e-02 0.08385514 1.4353e-01
(0.0256943) (0.240668) (0.593983) (0.3214876) (0.2124093) (0.1880051 )

Spatial autoregressive coefficient

A 0.710739*** 0.808529*** 0.77424*** 0.794114*** 0.840892*** 0.815131***
(< 2.2e-16) (< 2.2e-16) (< 2.2e-16) (< 2.26-16) (< 2.2e-16) (< 2.2e-16)

P value in parenthesis; ***0.001;**0.01; *0.05, 0.1

The spatial component (1) is positive and significant both in the antecedent period and in the period
following the shock in all the cases considered, highlighting a strong regional connection in terms
of unobserved variables that the shock of 2007 has strengthened. With regard to covariates, net
exports and private investments are significant and correctly determined in the positive sign to

indicate that the gross domestic product of the Italian regions is driven, both before and after the



economic shock, by these two components. Moreover, before the shock, STEM graduates have a
positive and significant impact on GDP, while after the shock they lose their significance.

This result underlines a structural change of behavior of the Italian regions after the shock.
The school dropout component is correctly determined in the sign and is significant only in the
period before the shock for the entire dataset. The patent intensity is positive and significant in the
resilient regions both in the period before the shock and in the following period. The GDP of
resilient regions is therefore explained also through the patent intensity that represents a proxy for
the ability to innovate. To reinforce this result, there is evidence obtained in terms of R&D: in the
resilient regions it is positive and significant after the shock, while in the non-resilient regions,
before the shock, it is negative and significant. Since R&D spending includes both public and
private spending on research, it is reasonable to assume that public spending on R&D is made in
less dynamic and innovative regions and that it is then used in the most dynamic regions even in
terms of patents.

As far as the productive specialization is concerned, the specialization in industry and
construction is significant and positive only in the non-resilient regions after the shock.

From this model emerges a strongly polarized regional picture with two clusters that tend to
become stronger. On the one hand, the resilient regions, characterized by innovative capacity and a
healthy productive fabric (RF is negative and significant), on the other a second cluster of regions,
the non-resilient ones, which remained trapped in an obsolete production model. In this model, the
determinants of GDP, in addition to those typical of aggregate demand - net imports and
investments, are mostly connected to a productive specialization in industry and construction. This

process also tends to strengthen over time.

4. Discussion and conclusion
The paper aimed to identify the determinants of regional resilience in Italy at socio-economic level
through a spatio-temporal analysis. The results highlight not only the presence of the well-known
dualism between North and South, but also a regional clustering between resilient and non-resilient
regions. In both clusters, GDP is explained by net import and private investments. Moreover, in the
resilient regions, the GDP is also driven by innovation, R&D and patents (IB) are both positive and
significant after the 2007 economic shock.

The human capital, by contrast, plays an important role before the shock, but it is not
significant after the shock. This result underlines the structural break occurred afterward the shock.
Finally, the financial risk (RF) underlines the presence of a healthy and trustable system of firms in

resilient regions. These regions, after the shock, have found new and more promising paths of
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growth based on innovation. Non-resilient regions, by contrast, are trapped in a productive structure
mainly specialized in industrial and construction sector, severely hit by shock.

The dichotomy between resilient and non-resilient regions tends to be exacerbated after the
shock, the spatial term increases in magnitude. Resilience depends not only on regional
characteristics, but also on geographic localization and spatiality. This result overcomes the idea
that resilience is a regional attribute. Moreover, spatial dependence contributes to create a self-
reinforcing cluster. This result has several consequences in term of policy. Creating a resilient
region does not depend only on regional policies, but also on supra-regional policies. Finally, our
model (SEM) considers the spatial term in the error. This hypothesis is linked to the idea the
resilience is a multi-faced and often unobservable. The results confirm this hypothesis and highlight
the presence of unobservable variables. Further research in terms of exploring the resilience spatial

components, also in terms of spatial spillover is needed.
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Appendix

Table Al. Variables model description

In(PIL;;) logarithm of regional GDP (gross domestic product at market prices per capita, concatenated values
with reference year 2010)

NI, net imports (import-export balance) as a percentage of GDP

STEM;, graduates in science and technology - percentage of graduates in scientific and technological
disciplines per thousand inhabitants aged 20-29

I private investment in GDP - private investment as a percentage of GDP

IB;; patent intensity - patents registered at the European Patent Office (EPO) (number per million
inhabitants)

ABB;; school dropout rate- early leavers- school leaving of the total number of secondary school enrollments
in upper secondary schools in percentage terms

RF; Financing risk (loan decay rate)

RD;; Incidence of total R&D expenditure on GDP-Total spending on R&D as a percentage of GDP

LQa; LQi, | Local Quotients in agriculture, industry, construction, services sectors.

LQc; LQs

Source: ISTAT, 2019
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