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1 Introduction 

Resilience is a relatively new term in economics. Although the concept has been 

used for some time in the physical, engineering and ecological sciences, it has only 

recently attracted attention from regional analysts, spatial economists and economic 

geographers and has grown in popularity since the last international economic crisis. In 

broad terms, the basic idea is that different degrees of resilience explain variation in 

economic growth trends across the regions of a country (Fingleton et al., 2012; Martin, 

2012; Martin and Sunley, 2015). 

Although there is no universally-shared definition of regional economic resilience, 

there are three main ways of interpreting the concept. Probably the most frequently 

invoked meaning or definition is that of so-called “engineering resilience”, which 

focuses on the system’s resistance to disturbances and its speed of return to the pre-

shock state. The “ecological resilience” focuses on the role of shocks or disturbances in 

pushing a system beyond its “elasticity threshold” to a new domain. Finally, “adaptive 

resilience” is defined as the ability of a system to undergo anticipatory or reactionary 

reorganisation of form and/or function so as to minimise the impact of a destabilizing 

shock (Martin, 2012). 

Given our interest in analysing regional characteristics that might influence 

regional resilience, we begin by constructing a composite index of resilience for the 17 

regions of Spain over the period 1980 to 2015, using the Data Envelopment Approach 

(DEA). Additionally we aim to determine whether our indicator performs the same as 

those formulated by Martin (2012) and used in most studies on resilience (Di Caro, 

2014, Lagravinese, 2014; Sánchez, 2012). Multiple Factor Analysis (MFA) is used to 

characterise regions by their resilience. This is a novel use of this methodology which 

allows the simultaneous analysis of groups of different partial indicators measured at 

different points in time. 

We study the case of the Spanish regions because they present an interesting 

example of regional differences in terms of GDP or employment during times of crisis. 

Moreover, last economic crisis left Spain among the countries hardest hit by rising 

unemployment. According to Cuadrado-Roura and Maroto (2016), the recent economic 

and financial crisis had a significant and particularly adverse impact on Spain, heavily 

affecting all regions, albeit with notable differences. The aim of this article, therefore, is 

to analyse the resilience patterns of Spanish regions, focusing on production 
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specialisation and public, human and social capital as explanatory factors. 

The paper is structured as follows. Section two offers a review of the literature on 

resilience. Section three describes the methodology and results of the composite index 

of resilience and MFA. Section four provides the main conclusions. 

2 Review of literature  

Regional resilience to economic shocks is the result of two combined factors: 

regional shock-resistance and subsequent ‘recovery’ capabilities (Lagravinese, 2014; 

Martin, 2012). The resilience of the various regions will vary according to their 

characteristics. The economic literature has identified numerous quantitative features of 

regional economies that shape their ability to resist and adapt to shocks and change 

(Crescenzi, 2009; Crescenzi and Rodríguez-Pose, 2011). Martin (2012) compares three 

British crises, underlining the importance of local economic structures in regional 

resilience. Moreover, Martin et al. (2016) examine how employment in the major UK 

regions has reacted to the four major recessions of the last 40 years.  

Focusing on European regions at the NUTS 2 level, Brakman et al. (2014) analyse 

the relevance of two possible determinants of regional resilience to shocks: the degree 

of urbanisation and specialisation. They take the Great Recession, the economic and 

financial crisis that began in 2008, as their shock and explore how the resilience of EU 

regions varies with the unemployment rate and real per capita GDP.  

Other dimensions influencing regional resistance are the regional industry mix, 

i.e. the sectoral structure of the regional economy, what is a key factor in determining 

regional crisis resistance; and a group of regional competitiveness/innovation factors. 

Regional human capital and innovation efforts are crucially linked with the capability of 

the local economy not only to generate new knowledge but also to absorb new, 

externally generated ideas and cognitions (Crescenzi, 2009; Crescenzi and Rodríguez-

Pose, 2011). In this direction, Brown and Greenbaum (2017) explore the relationship 

between industry diversity and economic resilience over time in Ohio counties between 

1977 and 2011.  

In relation to the role of policies in resilience, Briguglio (2016) revise, update and 

extend the economic vulnerability and economic resilience indices, where economic 

vulnerability is associated with inherent exposure to external shocks and economic 

resilience with policies that enable a country to minimize or withstand the negative 

effects of such shocks. Also, Caldera et al. (2016) take stock of studies carried out 
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primarily within, but also outside the OECD, to better understand the role of 

macroeconomic and structural policies in spurring or mitigating the vulnerabilities that 

can lead to costly shocks, as well as the role of policies in mitigating the shock impact 

and speeding the recovery.  

Another way to study the resilience is considering the spatial disparities. In 

concrete, Salvati et al. (2017) investigate changes in the spatial structure of two labour 

market indicators in Italy during the most recent expansion and recession waves, so as 

to identify socioeconomic and territorial factors influencing short-term performances of 

local labour markets. Likewise, Angulo et al. (2014) study the crisis suffered in Spain 

from 2007. They use predictions from spatial panel data models to evaluate regional 

resilience to the present economic crisis in terms of annual growth rate of employment. 

In examining the resilience of Spanish regions, Sánchez et al. (2014) try to 

identify the factors behind regional resilience in rural areas of Andalucía for two-time 

periods (2000-2008 and 2008-2012). Their two-period design enables them to use DEA 

to identify areas with changes in their resilience patterns and determine the impact of a 

wide range of regional factors.  

Meanwhile, Cuadrado-Roura and Maroto (2016) analyze the impact of the 

economic and financial crisis on the Spanish regions by examining productive 

specialization and its effects on regional productivity. Likewise, Rosell et al. (2011) 

seek to determine the impact of factors as business density or sectoral specialization, on 

the degree of resilience of the Catalan territories during the last crisis. Finally, Marrades 

(2011) and Ríos et al. (2017) assesses regional resilience for Spanish regions using a 

composite indicator based on employment data. 

In this paper, we contribute with two novelties to the literature of resilience. 

Firstly, we use a new methodology, the MFA, to study the Spanish regions resilience. 

Until now, this method has not been used to characterize regions in terms of their 

resilience.   Likewise, we elaborate a new composite index of resilience considering the 

employment and GDP. 

3 Methodology and results 

3.1 Indexes of Resilience  

As in previous papers, we consider the best factors to characterize a region’s 

response and recovery capacity to be the evolution of employment and GDP. These two 

key variables will therefore be used to construct the indexes of resilience. 
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We will focus on Spanish NUTS 2 regions, using data from the National Institute 

of Statistics (INE) and The Regional Economic Database of the Ministry of the 

Treasury and Public Administration (BD.MORES). The data are GDP at constant 

market prices and employment figures.  

We analyse the trajectory of the Spanish regions from 1980 to 2015 in order to 

identify their ability to cope with and recover from the impact of successive economic 

crises during the period analysed. We consider 7 periods of analysis (Table 1), as 

specified by the Spanish Business Cycle Dating Committee (Spanish Economic 

Association, Universitat Autónoma de Barcelona), who construct an index of economic 

activity to determine the dates of peaks and troughs in economic activity in Spain1.  

Table 1: Periods of analysis 

Period 1 Recovery 1980-1991

Period 2 Crisis 1992-1993

Period 3 Recovery 1994-2007

Period 4 Crisis 2008-2009

Period 5 Recovery 2010

Period 6 Crisis 2011-2013

Period 7 Recovery 2014-2015

 

Most papers (Di Caro, 2014; Lagravinese, 2014; Sánchez, 2012) analyse regional 

resilience levels using the Martin index (Martin, 2012). We also apply this methodology 

to compute indicators of resistance to a crisis and of recovery from a crisis. The index is 

the ratio of change in employment or output in a particular region to the corresponding 

change nationwide. Formally: 

Index Variablert = (ΔVrt/Vrt) / (ΔVNt/VNt)    (1) 

where ΔVrt/Vrt is the change in employment or GDP for region r in period t, and 

ΔVNt/VNt is the change in employment or GDP in period t for the country as a whole. 

Given that the indicators are quotients, their interpretation changes according to 

whether the quotient is positive or negative. They therefore need to be normalised for 

the sake of uniform interpretation. Thus, normalised indicators take values between 0 

and 1 and are interpreted as: the greater the indicator, that is, closer it is to 1, the greater 

the level of resilience or recovery capacity. Tables 2 and 3 show the crisis and recovery 

                                                 
1 For more details, http://asesec.org/CFCweb/en/ 
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indexes for Spanish regions in periods of analysis.   

Table 2: Crisis indexes 

CGDPr Cemployr CGDPr Cemployr CGDPr Cemployr

Andalucía 0.328 0.000 0.856 0.411 0.510 0.106

Aragón 0.631 0.675 0.753 0.512 0.652 0.253

Asturias 0.000 0.536 0.129 0.520 0.000 0.115

Baleares 0.680 0.851 0.583 0.677 1.000 1.000

Canarias 1.000 0.576 0.559 0.324 0.952 0.365

Cantabria 0.297 1.000 0.645 0.808 0.255 0.168

Castilla y León 0.884 0.941 0.953 0.782 0.303 0.124

Castilla La Mancha 0.282 0.609 0.884 0.553 0.463 0.000

Cataluña 0.520 0.265 0.514 0.256 0.744 0.166

Valencia 0.543 0.340 0.000 0.000 0.545 0.261

Extremadura 0.506 0.548 0.987 0.765 0.635 0.019

Galicia 0.654 0.978 0.537 1.000 0.635 0.147

Madrid 0.635 0.460 1.000 0.870 0.946 0.288

Murcia 0.375 0.911 0.845 0.173 0.732 0.338

Navarra 0.466 0.619 0.350 0.944 0.578 0.158

País Vasco 0.641 0.774 0.020 0.662 0.637 0.059

La Rioja 0.534 0.863 0.327 0.812 0.298 0.188

1992-93 2008-09 2011-13

CRISIS

 

Table 3: Recovery indexes 

RGDPr Remployr RGDPr Remployr RGDPr Remployr RGDPr Remployr

Andalucía 0.835 0.854 0.554 0.779 0.008 0.442 0.726 0.761

Aragón 0.491 0.565 0.321 0.352 0.832 0.140 0.224 0.632

Asturias 0.000 0.000 0.002 0.078 0.446 0.198 0.650 0.001

Baleares 0.864 0.869 0.099 0.996 0.191 0.583 0.828 0.831

Canarias 0.380 0.743 0.638 0.855 0.410 0.377 0.319 1.000

Cantabria 0.217 0.110 0.238 0.512 0.349 0.218 0.000 0.164

Castilla y León 0.361 0.222 0.000 0.132 0.511 0.582 0.402 0.314

Castilla La Mancha 0.761 0.724 0.458 0.566 0.095 0.432 0.822 0.356

Cataluña 0.558 0.821 0.396 0.552 0.595 0.576 0.932 0.237

Valencia 0.490 0.639 0.636 0.731 0.078 0.111 1.261 0.602

Extremadura 1.000 0.486 0.149 0.245 0.002 0.590 0.595 0.130

Galicia 0.293 0.030 0.210 0.000 0.483 0.000 0.724 0.294

Madrid 0.602 1.000 1.000 0.825 0.343 0.510 1.000 0.538

Murcia 0.755 0.852 0.937 1.000 0.000 0.493 0.684 0.000

Navarra 0.352 0.723 0.606 0.480 1.000 0.613 0.465 0.109

País Vasco 0.270 0.439 0.364 0.238 0.938 1.000 0.720 0.197

La Rioja 0.615 0.248 0.394 0.665 0.751 0.279 0.277 0.265

1980-91 1994-2007 2010

RECOVERY

2014-15

 

 

We consider both variables to be useful for explaining regional performance 

patterns, because, although they are positively correlated, there are differences between 

the two. We therefore use GDP and employment to compute a composite resilience 

index. According to Nardo et al. (2005), the main advantage of composite indicators is 

that they allow resuming complex and multidimensional realities, comparing and 

interpreting them easier that considering all the sub-indicators. The method used for 
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constructing such index is the Benefit-of-the-Doubt (BoD) (Cherchye et al., 2007), one 

of the models suggested by the OECD (2008). The method is based in Data 

Envelopment Analysis (DEA), and has certain advantages. In the literature about 

composite indicators, one of the issues analysed is the weighting system to use. The 

BoD approach allows varying weights determined endogenously looking for the best 

possible outcome for the region under analysis. This implies that the composite 

indicator of resilience combines the information of the two variables in the best interest 

of the region, and the obtained weighting are independent from subjective decisions of 

the researcher (Giambona and Vassallo, 2016). Any other weighting system would 

worsen the aggregate resilience score (Rogge et al., 2017). Moreover, it provides a 

method of data standardisation, whereby regions are ranked from zero to one, according 

to their level of resilience. The literature has previously explored the usefulness of BoD 

for building composite indexes in many contexts (Despotis, 2005; Giambona y 

Vassallo, 2016; González et al., 2011; Guardiola and Picazo-Tadeo, 2014; Martin and 

Mendoza, 2013; Murias et al., 2012; Pérez et al, 2016; Reig-Martínez, 2013; Sánchez et 

al., 2014; Vidoli and Mazziotta, 2013).  

DEA is a mathematical programming technique designed by Charnes et al. (1978) 

to calculate different measures of efficiency in production units, regions in our case. In a 

basic DEA model, the efficiency of every unit is defined by the maximum of a ratio that 

transforms inputs to outputs (Reig-Martínez, 2013). The BoD model can be written as a 

linear programming problem, which should be solved to compute the composite 

indicator for every region 0. The problem is formulated as:   

0 0 0 0

1
r

R

r r

r

Max h I 


  

subject to:                                               (2) 

0

1

1
R

r rk

r

I


     1,...,k K  

0 0r               1,...,r R  

where 0h
 is the composite indicator of resilience score for region; 0r  is the 

weighting attached to indicator r in the resilience assessment of region and  rkI
 

represents the value of indicator r for region k.  



8 

 

Table 4 gives the resilience indexes of 17 Spanish regions for the periods 

considered. The most resilient regions in the first crisis are seen to be Canarias, 

Cantabria, Castilla y León and Galicia. In the crisis of 2008-09, Galicia is again the 

most resilient region along with Madrid. In the last crisis, the regions that emerge as the 

most resistant are Baleares, Canarias and Madrid. In the recovery stages, Baleares, 

Extremadura and Madrid are the most resilient between 1980 and 1991, and Navarra 

and País Vasco in 2010. In the last stage, 2014-15, the islands and Valencia lead the 

resilience ranking. The islands and Madrid therefore emerge as the most resilient 

regions for the majority of the sample periods. 

Table 4: Resilience index (1980-2015) 

1992-93 2008-09 2011-13 1980-91 1994-2007 2010 2014-15

Andalucía 0.328 0.856 0.510 0.977 0.779 0.442 0.906

Aragón 0.717 0.753 0.652 0.623 0.352 0.832 0.639

Asturias 0.536 0.520 0.115 0.000 0.078 0.446 0.515

Baleares 0.887 0.731 1.000 1.000 0.996 0.583 1.000

Canarias 1.000 0.559 0.952 0.743 0.855 0.428 1.000

Cantabria 1.000 0.860 0.255 0.218 0.512 0.350 0.164

Castilla y León 1.000 0.953 0.303 0.375 0.132 0.582 0.415

Castilla La Mancha 0.615 0.884 0.463 0.868 0.566 0.432 0.652

Cataluña 0.520 0.514 0.744 0.846 0.552 0.626 0.739

Valencia 0.550 0.000 0.545 0.679 0.731 0.111 1.000

Extremadura 0.581 0.987 0.635 1.000 0.245 0.590 0.472

Galicia 1.000 1.000 0.635 0.293 0.210 0.483 0.574

Madrid 0.660 1.000 0.946 1.000 1.000 0.510 0.841

Murcia 0.917 0.845 0.732 0.945 1.000 0.493 0.542

Navarra 0.641 0.944 0.578 0.723 0.606 1.000 0.369

País Vasco 0.810 0.662 0.637 0.441 0.364 1.000 0.571

La Rioja 0.880 0.812 0.298 0.615 0.665 0.751 0.324

Crisis Recovery

 

3.2 Multiple Factor Analysis  

The MFA is a factorial method adapted to the treatment of data tables in which the 

same set of individuals is described through several groups of variables (Escofier and 

Pagés, 1992, 1994). The organisation of original data into groups of variables enriches 

their study, because the pursued goals are not restricted to obtaining a typology of 

individuals defined by a set of variables; they extend to the search for possible 

relationships between the structures obtained within each group. The variables of a 

group measured on a set of individuals form a two-dimensional table.  A full description 

of this method is given in Lebart et al. (1995) and Escofier and Pagés (1992). Several 
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applications of MFA to trend data can be found in García Lautre and Abascal (2003 and 

2004). 

The MFA method has been used to characterize the evolution of latent economic 

variables, such as welfare or development. This method permits us to study the 

resilience of the Spanish regions from an essentially graphic perspective and to 

synthesise and analyse the large amount of information we need to handle. 

This study works with 3 tables, one for each resilience index considered (our own, 

Martin’s GDP index and Martin’s employment index) and each table contains 17 rows, 

one for each region, and 7 columns, one for each period of analysis. We construct the 

global table by juxtaposing these 3 (Figure 1). 

Figure 1: Tables used in the analysis 

1, 2,……………………,7

Periods

1

7 

r

e

g

i
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n

s

G1: includes data from our

resilience index

1, 2,……………………,7

Periods

1, 2,……………………,7

Periods

G2: includes data from

Martin’s GDP index

G3: includes data from

Martin’s employment index
 

 

The aim of the analysis is to reveal the main factors of maximum variability 

described by the various groups of variables. The MFA technique is based on Principal 

Component Analysis (PCA). In the analysis of categorical tables, MFA shows the 

results of Multiple Correspondence Analysis (MCA).  

The objective of MFA is to check for the presence of structures that are common 

to groups of variables (tables). It also provides an overall picture of the relationships 

between groups, based on Escofier’s RV coefficient (Escofier and Pagés, 1992; 1994), 

which is obtained from the coefficients of linear correlation between any two variables. 

Its value is between 0 (for no relationship between variables of the two groups 

considered) and 1 (clouds representing the groups are homothetic).  

For the factor scores of the individuals (or cases) MFA provides two different 

results, namely, partial and global points.  
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By partial point, we mean the factor score of an individual based on the values of 

only one group of variables. Thus, in this study there will be 3 partial points for each 

Spanish region, G1 (only reflects the values of our own resilience indicator); G2 

(reflects the values of Martin’s GDP indicator); and G3 (reflects the values of Martin’s 

employment indicator). Regions whose partial points are close will perform similarly on 

all three indexes. Those with more distant partial points, on the other hand, will perform 

differently on at least one of the three resilience indexes.  

The global or mean points of each region refer to the factor score of an 

individual considering every value of every variable in every group. A global point is 

the barycenter or mean of its respective partial points, and therefore offers a more 

synthetic picture of an individual. In our study, the global points reflect the resilience of 

regions according to all three indexes jointly. 

The possibility of plotting partial and global points simultaneously on the same 

factorial plane provides a powerful visual instrument for the comparison of the different 

measures of regional resilience.  

MFA offers the possibility of including illustrative or supplementary elements 

(individuals or variables). These elements do not play an active role in the factor 

structure but can be projected onto the factorial planes, thereby enriching their 

interpretation. Supplementary variables contain information that is relevant but cannot 

be considered to directly affect the issue at hand, for example, regional endowments of 

capital in each period. 

The supplementary variables that will characterise the Spanish regions are those 

detailed in Table 5. They can be classified into 2 groups: value of capital and production 

structure. 
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Table 5: Descriptive statistics  

Units N Minimum Maximum Mean Stand. Deviation Source

GDP Thousands of € 629 3,554,855.00 200,807,804.00 45,973,769.82 45,893,738.18 BD. Mores and INE

Employment Thousands of people 629 78.20 3,581.35 872.79 796.33 BD. Mores and INE

Value of capital

Social capital per capita Index 510 37.48 1,989.18 375.69 362.83 Fundación BBVA e Ivie

Public capital per capita Thousands of € 510 2.88 19.00 9.29 3.84 Fundación BBVA e Ivie

Illiterates and uneducated % 527 19.09 80.16 47.60 14.89 INE

High school graduates % 527 15.13 49.64 331.63 7.14 INE

Vocational training graduates % 527 0.58 24.74 9.51 5.13 INE

University graduates % 527 3.72 28.91 11.25 4.66 INE

Value of human capital % 527 2.13 3.20 2.58 0.22 INE

Productive structure

Agriculture % 561 0.12 15.24 5.43 3.70 INE

Industry % 561 5.31 34.82 20.22 7.31 INE

Construction % 561 4.37 14.56 8.44 1.87 INE

Market services % 561 36.84 73.27 50.27 8.31 INE

Non-market services % 561 7.76 28.08 15.69 3.40 INE

Productive specialization % 561 0.24 0.56 0.34 0.07 INE

 

To analyse the effects of capital on resilience, we focus on three types of capital: 

public, human and social. 

The role of the public sector as investor is crucial in the economic growth. A 

country’s level of infrastructure depends on public sector investment activity, which, if 

misdirected or insufficient, can constrain both private enterprise and public services. 

The share of public capital stock employed in private production makes these 

infrastructures a key factor in the economic growth of every country or region. Public 

investment also plays an important role in the economic cycle because it can be used as 

a stabilisation mechanism to offset declining private investment. Our analysis therefore 

includes the variable public capital per capita in thousands of Euros at constant 2008 

prices (Ezcurra et al., 2005). 

In relation to human capital, some authors claim that qualifications can increase 

resilience and regional economic growth, because "workers with college degrees and 

higher educational qualifications are more flexible and agile in an economic downturn" 

(Chapple and Lester, 2010; Christopher et al., 2010; Crescenzi et al., 2015). Wide 

regional gaps in human capital endowment also have repercussions in terms of 

infrastructure, services, and thereby income inequalities (Lagravinese, 2014).  

The variables used to measure human capital are: employed population by level of 



12 

 

education (expressed in %), taken from the Labour Force Survey (INE)2 and the value 

of per capita human capital measured in terms of the number of workers without human 

capital that would be required to attain an equivalent level of productivity.  

Many papers consider social capital as an intangible asset which facilitates the 

achievement of personal and group results, both economic and social, by generating 

positive externalities or potential benefits for members of a particular social group. 

Paxton (1999) highlights that a relevant characteristic of social capital – which makes it 

something more than trust, rules and shared values – is that its positive effects are 

generated from a social network. Thus, the scope of the network that makes up the 

group and benefits from these effects on its members is a key aspect of social capital. 

(Miguélez, et al., 2008; Peiró and Tortosa, 2015; Salas and Sanchez, 2012). It is 

measured as social capital per capita (index).  

The three-capital data were supplied by the Fundación BBVA and Instituto 

Valenciano de Investigaciones Económicas (IVIE)3. 

Regional production structure is a key factor in explaining a region’s capacity to 

recover from a crisis (Crescenzi et al., 2015). The role of the manufacturing sector in 

explaining regional economic growth and convergence across areas depends on its 

ability to sustain higher investments, and its capacity for capital accumulation and the 

production of tradable goods (Rodrik, 2013). Furthermore, certain economic sectors are 

known to be more subject to cyclical economic fluctuations than others and as such 

suffer the most from economic downturns (Ormerod, 2010). The manufacturing and 

construction industries typically appear to suffer more during an economic crisis than 

does the services sector, which is more flexible and able to absorb and renew itself more 

rapidly. The geographical distribution of these activities across regions might therefore 

be expected to play a role in explaining spatial differences in resistance to recessionary 

shocks (Martin, 2012). 

Thus, besides including the production structure of each region, we also include a 

variable for productive specialisation, SI, based on the Herfindahl concentration index:  

SI = s
i

2

i=1

N

å  

                                                 
2 Data available at:  

http://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736176918&menu=ultiD

atos&idp=1254735976595 
3 Data available at: http://www.ivie.es/es/ 
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where is
 is the share of the 

thi  activity in total GDP of the economy. The 

activities included in the index are agriculture, construction, industry, market services 

and non-market services. The index has a theoretical range of close to zero to 1, with 

higher values indicating higher specialisation  

3.2.1 MFA of resilience in the Spanish regions  

The complete data for the 17 Spanish regions comprises 3 different resilience 

indicators measured over seven consecutive periods (Figure 1) and 13 supplementary 

variables. This section examines all this information simultaneously by MFA to explore 

three issues: firstly, a comparison of the three resilience indicators; secondly, the 

structure of relationships between the resilience indicators, including the time effect and 

the supplementary variables; and, finally, a characterisation of the regions in terms of 

their resilience and of the socioeconomic features represented by the supplementary 

variables. 

The MFA of the three resilience tables provided the first two factors which, 

together, account for over 50% (the first 36.99% and the second 17.10%) of the total 

variance in the table. This is considered sufficient to enable us to project the variables 

(the supplementary ones included) and individuals onto planes formed by factor 1 

(horizontal axis) and factor 2 (vertical axis) as shown in Figures 2, 3 and 4. In such 

graphs, the factorial coordinate of each variable is connected to the origin of coordinates 

by an arrow. Two points that are close together on the graph mean that the arrows are 

separated by an angle close to zero degrees, so the two variables are positively 

correlated. If the angle is close to 180 degrees, then the correlation is negative and if it 

is close to 90 degrees, the correlation is close to zero. Variables that are close to a factor 

have strong (positive or negative) correlation with that factor and very weak correlation 

with the other factor. 

Comparative analysis of the three resilience measurement methods is conducted 

using the RV coefficients (Table 6) and the variables graph (Figure 2). The RV values 

indicate the existence of a common structure between the 3 tables, which is stronger 

between our resilience index and the remaining two. 
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Table 6: RV relation coefficients between indexes       

Our resilience index Martin's GDP index Martin's employment index

Our resilience index 1.000

Martin's GDP index 0.718 1.000

Martin's employment index 0.803 0.458 1.000

 

The detected common structure is supported by the fact that the resilience 

indicators point roughly in the same direction for each period. Thus, the three resilience 

indicators for recovery periods 1, 2, 4 and crisis period 3 point to the left in the variable 

graph (Figure 2) and the indicators for crisis periods 1 and 2 and recovery period 3 point 

to the top right of the graph. It should be noted that the GDP resilience indicators in 

crisis periods 1 and 2 are quite far from the two remaining indicators. Moreover, the 

three indicators for recovery period 3 are also separate from each other. This shows that 

the common structure between the 3 tables is less obvious; suggesting that, in these 

periods, the three methods will yield distinct resilience scores for the Spanish regions.  

The analysis of the structure of relationships between the resilience indicators and 

the supplementary variables is addressed by again giving meaning to the two factors by 

using the variables graph (Figure 2). The supplementary variables relating to the 

socioeconomic characteristics are projected onto the variables graph (Figure 2). These 

variables are the means for the time period considered (1980-2015). Means were used 

because a detailed analysis of their evolution has confirmed their stability and high 

correlation over time.  

According to the factorial plane (Figure 2), factor 1 mainly reflects resilience in 

recovery periods 1, 2 and 4 and crisis period 3, since these indicators point to the left, 

showing their strong negative correlation with this factor. The supplementary variables 

public capital, share of industry in the economy and, less clearly, vocational training 

and human capital, point to the right on the plane, showing these variables to be 

positively correlated with factor 1. High school graduates, market services and 

productive specialisation, on the other hand, point to the left, and are therefore 

negatively correlated with it. Finally, social capital points slightly to the left, showing a 

certain negative correlation with factor 1. 

In consequence, regions with negative factor scores on factor 1 are more resilient 

than the mean in recovery periods 1, 2, 4 and in crisis period 3. The graphs show these 
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regions to be characterised as above average in terms of share of high school graduates 

and market services and below-average in terms of public capital and share of industry. 

The opposite applies to those regions with positive scores on factor 1.  We could 

therefore say that the most resilient regions in the recovery periods (1, 2 and 4) are those 

that stand out for their specialisation in market services and for their share of population 

with high school education. In contrast, the industry share in economies is barely 

significant. 

Factor 2 mainly reflects the resilience in crisis periods 1 and 2 and recovery 

period 3, since these indicators clearly point upwards, and are strongly positively 

correlated with it. The supplementary variables are not closely correlated with factor 2, 

since none of them points clearly upwards or downwards on the plane. Only university 

graduates, human capital and vocational training graduates show a slight positive 

correlation with factor 2, while construction and uneducated are slightly negatively 

correlated with it.  

Thus, regions with positive factor scores on factor 2 are more resilient than the 

mean in crisis periods 1 and 2 and recovery period 3. The graphs depict these regions as 

being above the mean in higher studies, human capital and vocational training and 

below the mean in construction and without studies.  

Those regions with high scores on both factors can be said to be characterised by 

opposing correlations between their component variables. All the interpretations of the 

variables graph (Figure 2) are supported by the correlation matrix of resilience 

indicators and supplementary variables4. Indeed, although some correlation coefficients 

are not very high, they confirm what was said above. 

Now that the factors have a meaning, we address the final issue, the 

characterisation of the regions in terms of their resilience and the socioeconomic 

features represented by the supplementary variables.  To do this, each Spanish region is 

projected on the factorial plane taking all the information relating to its resilience 

(Figure 3).  

According to the interpretation of Figure 3, the regions in quadrant IV on the 

plane appear to be above average in terms of resilience in crisis periods 1 and 2 and 

recovery period 3 and below average in recovery period 4. A look at Tables 2 and 3 

shows that Castilla y León, Galicia and Cantabria are more resilient in crisis periods 1 

                                                 
4 The correlation matrix is not reported and is available upon request to the authors. 
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and 2. Navarra and País Vasco, which are also in quadrant IV, are the most resilient in 

recovery period 3. These results coincide with those of Cuadrado-Roura and Maroto 

(2016) who observed that the regions on the River Ebro (País Vasco, La Rioja and 

Navarra, Aragón) experienced above-average growth after 2007, and all these regions 

are situated in the same quadrant (IV). A look at Table 4 shows that these regions are, in 

general, very poorly positioned in period 4, thus fulfilling the opposition effect 

mentioned above. Quadrant II contains Valencia, a region whose characteristics are 

completely opposite to those of the regions just mentioned. As expected, Valencia is the 

most resilient region in period 4 and is poorly positioned in crisis periods 1 and 2 and in 

recovery period 3.  

Quadrant III, which represents recovery periods 1, 2 and 4, and crisis 3, can be 

seen to contain the regions of Baleares and Canarias, Madrid and Murcia, which are the 

best performers in terms of resilience in these periods. The most resilient regions in 

recovery periods 1 and 2, Baleares, Madrid and Murcia, stand out for having above-

average industry specialisation and, in particular, economies concentrated mainly on 

market services (chiefly tourism), as can be seen in Figure 2. They also stand out for 

having an above-average percentage of high school graduates. According to Maroto 

(2012), the effects of a crisis can differ substantially across industries. The 

manufacturing, mining, energy and construction sectors, for instance, tend to be much 

more badly affected by business cycles than is the case for services sectors. This is 

reflected in the performances of Baleares and Madrid, whose specialisation is the 

services sector. The same quadrant (III) contains the regions that show most resilience 

in crisis 3, namely, Baleares, Madrid and Canarias. 

And finally, in quadrant I, we find Asturias, which is below the mean for 

resilience in all periods, especially crisis period 3. The supplementary variables on 

which Asturias scores above the mean are construction, percentage of uneducated and 

industry. 

So, as can be seen from the results, different productive and regional 

specialisation patterns produce different levels of resilience in the Spanish regions. The 

conclusion drawn by most studies is that the analysis of industry structures, regional 

specialisation and gaps with the national average can explain regional economic growth 

and, of course, possible regional convergence or divergence within a country in terms of 

productivity and per capita income. Thus, regions with a relatively high share of 

industries with above-average sensitivity to the business cycle can, ceteris paribus, be 
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expected to be significantly affected by a recession (De Groot et al., 2011). 

The various crisis periods in Spain and the policies used to address them have had 

a clear impact at the regional level. One of the most remarkable effects has been the 

increase in regional economic disparities (Cuadrado and Maroto, 2016). In 

consequence, there is a small group of regions that can be considered economically 

resilient, as they have responded better and more flexibly to the general negative 

framework, versus another group of regions that have been heavily hit by the crisis and 

have shown no clear capacity to react. 
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Figure 2: Variables projected on the factorial plane (1-2) 
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Figure 3: Global points on the factorial plane (1-2) 

III

III IV

 

 

 

MFA also provides the partial points of each region represented in Figure 4. This 

graph enables us to return to the first issue, the common structure between the three 

indicators of resilience. The three tables share a common structure that is least obvious 

between groups 2 (GDP indicators) and 3 (employment indicators). The variability of 

the partial points, which is known as “within variability”, is measured with respect to 

that of their respective global points. Thus, regions with low within-variability are 

stable in terms of their ranking across the three resilience indicators considered, whereas 

as that of regions with high within-variability, will vary greatly, according to which 

indicator is used. 

The only partial indicators represented are those of the regions with the highest 

within-variability on axis 1 (Galicia) and axis 2 (Canarias); and those with the lowest 

within-variability among the partial individuals, País Vasco (axis 1) and Madrid (axis 
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2). The analysis of these regions is enough not only to reveal some specific differences 

between the three resilience indicators considered but also to confirm the overall 

stability between the three methods. Thus, Galicia and Canarias occupy very distinct 

positions on the plane (Figure 3) and therefore differ greatly in terms of resilience. 

Galicia is clearly below the mean in recovery periods 1, 2, 4 and crisis period 3 when 

employment indicators are used, whereas, it appears close to the mean in these periods 

when GDP indicators are used. Being a hybrid between the employment and GDP 

resilience indicators, our indicator (group 1) places Galicia close to the global point. 

The analysis for Canarias is similar but in relation to factor 2. Madrid and País Vasco 

have different partial points but the closeness of their positions on the plane suggests 

that their results are not affected by the type of resilience indicator used. 

In general, researchers try to explain regional resilience based on Martin’s 

employment indicator (2012). Our analysis suggests that, however, the conclusions 

might vary significantly if, instead of using employment, they were to use GDP, as 

shown in Figure 4. Thus, given that our indicator can be seen as a hybrid of these two 

ones, we suggest that the joint use of both indicators can help to smooth the results. 
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Figure 4: Global and partial points on the factorial plane (1-2)  

 

 

4 Summary and conclusions  

There has been increasing interest in and invocation of the notion of resilience in 

the social and environmental sciences over the past few years, and the concept has even 

entered national, regional and local policy discourse. Our aim here has been to try to 

identify which characteristics of a region most influence its resilience. We begin by 

constructing a composite index of resilience for the 17 regions of Spain for the period 

1980 to 2015, using the DEA approach. In a second stage, we apply MFA in order to 

analyse the factors that make regions more or less resilient and compare our index of 

resilience to that of Martin (2012). By plotting the resilience index scores and the 

socioeconomic variables on the same graph, we are able to establish an interesting 

relationship between the two and derive an interpretation of the influence of 

socioeconomics on regional resilience. 

Our results show that the resilience of Spanish regions varies according to their 
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socio-economic characteristics. In the first two crisis periods, 1992-92 and 2008-09, and 

in 2010 (year of recovery) the most resilient regions are Castilla y León, Cantabria, 

Galicia, La Rioja, País Vasco and Navarra. These are industry-oriented regions with 

higher-quality public and human capital and show the highest percentages of vocational 

training graduates. Baleares, Canarias, Madrid and Murcia show resilience especially in 

recovery periods, 1, 2 and 4. They stand out as having above-average productive 

specialisation, and in particular, as economies mainly focused on market services. They 

also have a population with an above-average share of high-school graduates. 

Another finding from this study is that the results differ greatly according to 

whether we take into account our own index of resilience or that of Martin (2012). A 

different choice of indicator would cause some regions, such as Galicia or Canarias, to 

vary their position on the plane and consequently their characterisation in terms of 

resilience. In this respect, observation shows that our indicator of resilience is the 

closest in all cases to the mid-point. This would justify the use of both GDP and 

employment for the characterisation of resilience.  

The increasing use of the concept of resilience in regional studies calls for further 

work on the issue of what determines the resilience of an economy (regional or local), 

and what causes it to increase or decline. This article focuses mainly on productive 

specialisation, productive structure and public, human and social capital. Naturally, 

these elements or factors only partially explain the resilience capacity of regional 

economies. Other aspects requiring exploration include the institutional framework, the 

entrepreneurship capacity and the export dynamics of each region. Some of these 

potential factors relate to those analysed here, but there is clearly much scope for further 

analysis. Although of an exploratory nature, the arguments and analysis contained in 

this article suggest that further, more detailed, research would be worthwhile.  

 

References  

Angulo, A., Mur, J. and Trívez, J. (2014): “Measure of the resilience to Spanish 

economic crisis: the role of specialization”, Economics and Business Letters, nº3(4), 

p.263-275. 

Brakman, S., Garretsen, H. and van Marrewijk, C. (2014): “The Crisis and 

Regional Resilience in Europe: On the Importance of Urbanisation and Specialisation”, 



 

23 

 

CESifo Working Paper nº4724. 

Briguglio, L. (2016): “Exposure to external shocks and economic resilience of 

countries: evidence from global indicators”, Journal of Economic Studies, nº43, p.1057- 

1078. 

Brown, L. and Greenbaum, R. (2017): “The role of industrial diversity in 

economic resilience: An empirical examination across 35 years”, Urban Studies, nº54 

(6), p.1347-1366. 

Caldera, A., Rasmussen, M. and Röhn, O. (2016): “Economic Resilience: What 

Role for Policies?”, Journal of International Commerce, Economics and Policy, nº7. 

Chapple, K. and Lester, W. (2010): “The resilient regional labour market? The US 

case”, Cambridge Journal of Regions, Economy and Society, nº3, p.85–104, 

doi:10.1093/cjres/rsp031. 

Charnes, A., Cooper, W. and Rhodes, E. (1978): “Measuring the Efficiency of 

Decision Making Units” European Journal of Operational Research, nº2, p.429-444. 

Cherchye, L., Moesen, W., Rogge, N. and van Puyenbroeck, T. (2007): “An 

introduction to ‘benefit of the doubt’ composite indicators”, Social Indicators Research, 

nº82, p.111-145. 

Christopher, S., Michie, J. and Tyler, P. (2010): “Regional resilience: theoretical 

and empirical Perspectives”, Cambridge Journal of Regions, Economy and Society, nº3, 

p.3–10. 

Crescenzi, R. (2009): “Undermining the principle of territorial concentration? EU 

regional policy and the socio-economic disadvantage of European regions” Regional 

Studies, nº43, p.111–33. 

Crescenzi, R., Luca, D. and Milio, S. (2015): “The geography of the economic 

crisis in Europe: national macroeconomic conditions, regional structural factors and 

short-term economic performance” Cambridge Journal of Regions, Economy and 

Society, doi: 10.1093/cjres/rsv031. 

Crescenzi, R. and Rodríguez-Pose, A. (2011): “Innovation and Regional Growth 

in the European Union”, Berlin: Springer. 

Cuadrado-Roura, J. and Maroto, A. (2016): “Unbalanced regional resilience to the 

economic crisis in Spain: a tale of specialisation and productivity” Cambridge Journal 

of Regions, Economy and Society, nº9, p.153-178. 

De Groot, S., Mohlmann, J., Garretsen, J. and De Groot, H. (2011): “The crisis 



 

24 

 

sensitivity of European countries and regions: stylised facts and spatial heterogeneity”, 

Cambridge Journal of Regions, Economy and Society, nº4, p.437-456. 

Despotis, D.K. (2005): “A reassessment of the human development index via data 

envelopment analysis” Journal of the Operational Research Society, nº56, p.969-980. 

Di Caro, P. (2014): “Recessions, recoveries and regional resilience: evidence on 

Italy” Cambridge Journal of Regions, Economy and Society, nº8, p.273-291. 

Escofier, B. and Pagés, J. (1992): “Análisis factoriales simples y múltiples. 

Objetivos, métodos e interpretación” Servicio editorial de la Universidad de País 

Vasco. 

Escofier, B. and Pagés, J. (1994): “Multiple factor analysis (AFMULT package)”, 

Computational Statistics & Data Analysis, nº18, p.121-140. North-Holland. 

Ezcurra, R., Gil, C., Pascual, P. and Rapún, M. (2005): “Public capital, regional 

productivity and spatial spillovers” The Annals of Regional Science, nº39, p.471-494. 

Fingleton, B., Garretsen, H. and Martin, R. (2012): “Recessionary shocks and 

regional employment: evidence on the resilience of UK regions” Journal of Regional 

Science, nº52, p.109–133. 

García Lautre, I. and Abascal, E. (2003): “Una metodología para el estudio de la 

evolución de variables latentes. Análisis de las infraestructuras de carreteras de las 

comunidades autónomas (1975-2000)”, Estadística Española, nº45, p.193-210. 

García Lautre, I. and Abascal, E. (2004): “A methodology for measuring latent 

variables based on multiple factor analysis” Computational Statistics & Data Analysis, 

nº45, p.505-517. 

Giambona, F. and Vassallo, E. (2016): “Composite Indicator of Social Inclusion 

for European countries”, In G. Alleva and A. Giommi (eds.): Topics in Theoretical and 

Applied Statistics, p.239-252. 

González, E., Carcaba, A., Ventura, J. (2011) : “The Importance of the 

Geographic Level of Analysis in the Assessment of the Quality of Life: The Case of 

Spain”,  Social Indicators Research, nº102, p.209-228.  

Guardiola, J., Picazo-Tadeo, A.J. (2014): “Building Weighted-Domain Composite 

Indices of Life Satisfaction with Data Envelopment Analysis”, Social Indicators 

Research, nº117, p.257-274. 

Lagravinese, R. (2014) “Crisi economiche e resilienza regionale”, EyesReg –

Giornale di Scienze Regionali, nº4, p. 48-55.  



 

25 

 

Lebart, L., Morineau, A. and Piron, M. (1995) “Statistique exploratoire 

multidimensionnelle”, Dunod, Paris. 

Marrades, R. (2011) “Assessing regional resilience with a composite indicator”, 

Thesis Empirics, Universidad de Valencia. 

Maroto, A. (2012) “Productivity growth and cyclical behaviour in service 

industries: the Spanish case”, The Service Industries Journal, nº31, p.725-745. 

Martin, R., Sunley, P., Gardiner, B. and Tyler, P. (2016) “How Regions React to 

Recessions: Resilience and the Role of Economic Structure”, Regional Studies, nº50 (4), 

p.561-585. 

Martin, R. and Sunley, P. (2015) “On the notion of regional economic resilience: 

conceptualization and explanation”, Journal of Economic Geography, nº15, p.1-42. 

Martín, J. C. and Mendoza, C. (2013). “A DEA approach to measure the quality-

of-life in the municipalities of the Canary Islands”, Social Indicators Research, nº113, 

p.335-353. 

Martin, R. (2012) “Regional economic resilience, hysteresis and recessionary 

shocks”, Journal of Economic Geography, nº12, p.1-32. 

Miguélez, E., Moreno, R. and Artís, M. (2008) “Does social capital reinforce 

technological inputs in the creation of knowledge? Evidence from the Spanish regions”, 

Regional Studies, nº45, p.1019-1038. 

Murias, P., Novello, S. and Martínez, F. (2012) “The Regions of Economic Well-

being in Italy and Spain”, Regional Studies, nº46, p.793-816. 

Nardo M., Saisana M., Saltelli A. and Tarantola S. (2005) “Tools for Composite 

Indicators Building”, European Commission, report EUR 21682 EN, (Joint Research 

Centre, Ispra, Italy). 

OECD (2008) Handbook on Constructing Composite Indicators - Methodology 

and user guide. OECD publishing. Paris. 

Ormerod, P. (2010) “Resilience after local economic shocks”, Applied Economics 

Letters, nº17, p.503-207. 

Paxton, P. (1999) “Is social capital declining in the United States? A multiple 

indicators assessment”, American Journal of Sociology, nº105, p.88-127. 

Peiró, P. and Tortosa, J. (2015) “Social capital, investment and economic growth: 

some evidence for Spanish provinces”, Spatial Economic Analysis, nº10, p.102-126. 

Pérez, V., Guerrero, F., León, M., Luiz da Silva, C. and Caballero, R. (2016) 



 

26 

 

“Sustainability Ranking for Cuban Tourist Destinations Based on Composite Indexes”, 

Social Indicators Research, nº129, p.425-444. 

Reig-Martínez, E. (2013) “Social and Economic Wellbeing in Europe and the 

Mediterranean Basin: Building an Enlarged Human Development Indicator”, Social 

Indicators Research, nº111, p.527-547. 

Ríos, V., Gianmoena, L., Iraizoz, B., Pascual, P., Rapún, M. and Ubago, Y. 

(2017) “The Determinants of Regional Resilience in Spain during the Great Recession”, 

In T. Mancha (Dir): Política Económica, Economía Regional y Servicios. Ed. Aranzadi, 

Cizur Menor, p.299-321. 

Rodrik, D. (2013) “Unconditional convergence in manufacturing”, Quarterly 

Journal of Economics, nº128, p.165-204. 

Rogge, N., De Jaeger, S. And lavigne, C. (2017) “Wate Performance of NUTS 2-

regions in the EU: A Conditional Directional Distance Benefit-of-the-Doubt Model”, 

Ecological Economics, nº139, p.19-32. 

Rosell, J., Viladomiu, L. and Mancilla, C. (2011) “Resiliencia, territorios y 

empleo: El caso de las comarcas catalanas”, Unitat d’Història Econòmica UHE 

Working Paper 2011_14. 

Salas, V. and Sánchez Asín, J. (2012) “Emprendedores y capital social en 

España”, Economistas, nº132, p.72-83. 

Salvati, L, Carlucci, M. and Venanzoni, G. (2017) “Recession, resilience, local 

labour markets: wealthier is better?”, Letters in Spatial and Resources Sciences,nº10, 

p.177-204. 

Sánchez, P. (2012) “Sensibilidad y Resiliencia de las Regiones Españolas durante 

las crisis económicas (1976-2011)”, V Jornadas de Geografía Económica AGE 

Universidad de Girona, 2012. 

Sánchez, P., Gallardo, R. and Ceña, F. (2014) “El medio rural andaluz frente a la 

crisis económica: un análisis de los factores de resiliencia territorial”, Economía 

Agraria y Recursos Naturales, nº14, p.27-56. 

Spanish Economic Association (2015): CF Index of Economic Activity. Spanish 

Business Cycle Dating Committee. 

Vidoli, F. and Mazziotta, C. (2013) “Robust weighted composite indicators by 

means of frontier methods with an application to European infrastructure endowment”, 

Italian Journal of Applied Statistics, nº23, p.1-24. 

http://asesec.org/CFCweb/cf_index_e.htm
http://asesec.org/CFCweb/cf_index_e.htm

