
Statistica Applicata - Italian Journal of Applied Statistics Vol. 24 (3) 345

THE IMPACT OF THE ECONOMIC CRISIS FOR ITALIAN
EXPORTING SECTORS: A SPATIAL-STATISTICS ANALYSIS

Carlo Boselli, Francesco G. Truglia

Business Statistics Unit, Istat, Rome, Italy

Alessandro Zeli1

Econometric Studies and Economic Forecasting Division, Istat, Rome, Italy

Received: 30th July 2013/ Accepted: 16th January 2014

Abstract. During the current economic crisis the Italian productive system is under stress
for many reasons. Among them the fall of both internal and external demand plays an
important role. The decrease in the level of sales, due to the lack of competitiveness, has
weakened the manufacturing system and hit economic sectors and geographical areas
differently. In order to detect sectors and areas in which productive structure  has more
deeply deteriorated, a kriging model is estimated on the basis of 2007-2010 firms’ financial
reports. The analysis is carried out on a selection of exporting manufacturing sectors.
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1. INTRODUCTION

The US subprime crisis has created the current adverse conjuncture that affected
Europe and in particular the Euro area. The crisis is characterised by two different
phases: in the first  phase financial contraction and bank failures spread across the
whole Atlantic area involving, above all, the Anglo-Saxon financial market (USA,
UK, Ireland) but also influencing the real economy (the burst of the real estate
bubble in Spain). The second phase, after the temporary recovery in 2010, has
increasingly and profoundly affected the Euro zone and sovereign debts of the Euro
area countries and has continued until now (Galanti, 2013; IMF 2009, IMF 2012).
The contraction of global demand after the sub-prime crisis was a powerful
mechanism for the transmission of the crisis itself, and also caused a decrease in the
demand for Italian export goods.
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Moreover the Euro mechanisms didn’t allow, on one hand, the possibility of
competitive devaluation of Italian currency with respect to the other European (and
non-European) currencies, deepening the impact of the crisis, and, on the other
hand, the possibility of vigorous anti-cyclical fiscal policy.

So, also for Italy, the crisis period from 2007 to 2013 can be divided into two
sub-periods. The first sub-period is characterized by a deep negative conjuncture
until 2009 and by a slight recovery until the first half of 2011. During the first sub-
period, the above mentioned factors aggravated the crisis, but thanks to the global
demand recovery in 2010, caused by the upturn in activity in the emerging
economies, the recovery of global trade growth and the anti-cyclical fiscal policies
outside of the Euro-area, the Italian productive system registered an upturn. The
second sub-period, characterized by an intense recession due to a contraction of
both internal and external demand, began in the second half of 2011 and has
continued until now (Figure 1).

The deep 2007-2010 recession hit nearly all economic sectors and weakened
various productive sectors and geographic areas of the Italian productive system.
The Italian productive system is based on small enterprises and on the territorial
web between them that exploits the location positive externalities i.e. the spill-over
of knowledge and the complementarities of productions between firms.

Figure 1: GDP Italy – Chain index – Base 2005 (percentage change over the previous
period)

(a) Provisional

Source: Istat – National Accounts
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It implies a concentration of similar industries in the same areas and it was
called in the recent past the Productive Districts System (Beccattini, 2000; Fabiani
et al. 2000). There is some evidence of a greater crisis vulnerability of smaller
enterprises belonging to the Made in Italy economic sectors. These firms appear to
have had greater difficulties even in the “slight recovery” period. Obviously the
decrease in demand and the difficulties in the traditional Italian industries’ points
of strength (fashion, mechanical engineering, etc.) have had a negative outcome on
firms belonging to the Productive Districts System, which are highly specialized in
these industries (Foresti et al., 2010).

Consequently the study of productive system decline from a territorial point
of view also implies the opportunity to reveal the industries most affected by the
crisis. This paper aims at detecting the economic sectors and areas most affected by
the crisis, and sectors and areas that showed a stronger resilience. The analysis is
focused on the first crisis sub-period from 2007 to 2010. There are other studies that
focused on the factors that played a role in prompting a company to exit the market
during the early years of the crisis (Mariani et al., 2013) but they are from a regional
perspective.

We consider the financial reports data in 2007 and in 2010 to compare the
single firms from both territorial and economic perspectives. Namely we carried
out a spatial analysis for some economic indicators to compare the different
situations before and after the crisis.

In Section 2 the data and territorial classification are described; in Section 3
the methodology is described, in Section 4 the results are discussed, and in Section
5 the conclusions are presented.

2. DATA AND TERRITORIAL CLASSIFICATION

In Italy the LLS (Sistema Locale del Lavoro; Labour Local System) territorial
classification system is based on clusters of municipalities identified on the basis
of the self-containment of the daily travelling flows between the home place and the
place of work (i.e. travel-to-work areas). The choice of using the LLS as a
geographical unit of reference is encouraged by the economic criteria laying behind
their construction. They seem appropriate for the study of economic changes, given
that these are generated by social and economic interactions between enterprises
and workers in the labour market (Boschma et al., 2012). Hence data are spatially
harmonised using the 1991 year LLS definition.

The LSS classification cannot be precisely superimposed on District System
areas, nevertheless they can be considered as a good proxy of the territorial
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classification (see for instance Istat, 2002; Zeli et al., 2007).
The dataset is based on annual reports transmitted (according to the law) to

the local Chamber of Commerce (CC) by all limited companies. The annual reports
are collected and checked by the CC. We utilized this source by reason of its
relevance in terms of number of observations and target population
representativeness. This database represents a very rich and complete source of
information and includes around 700,000 company financial reports every year. We
considered the last pre-crisis year and the last available year, hence the limited
companies populations with a non-negative turnover for financial years 2007 and
2010 are considered and they are also compared considering their territorial
location.

The aim of the paper is also analysing the economic changes caused by the
crisis in the Italian productive system from its territorial distribution perspective. So
it is important to consider the changes in the productive capacity in terms of number
of enterprises and in terms of the firms’ size (measured by volumes of sales or
turnover). It is also important to understand to what extent the firms’ profitability
level remains the same, since firms could reduce their profitability level in order to
maintain their market shares. So the following indicators are considered for each
LLS:

1) num = number of enterprises

2) afs = npe/num (average firms’ size)

3) tur = turnover/npe (turnover per head)

4) roi = rop/ass *100 (return on investment),

where npe represents the number of persons employed, rop is the operating income
and ass is the total asset.

The paper is focused on the analysis of losses caused by crisis in terms of
productive capacity of the economic structure that can be measured, as we said
before, by: the number of enterprises, their size in terms of employment and volume
of sales. In particular the decrease in the level of sales, due to the lack of
competitiveness and to the fall in exports is one of the reasons for the intensity of
the present recession. Moreover, for the above mentioned reasons, we decided to
introduce into the analysis a measure of profitability: the ROI index. Other studies
take into account similar variables in applying survival analysis to firms in the first
part of the crisis (Mariani et.al, 2013). They utilised a financial reports database to
calculate profits, turnover and persons employed and have a measure of firms’ size
and profitability.

Our analysis is carried out on some specific economic sectors, which are
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broken down according to the NACE Rev.1.1 classification (the 2010 data are
reclassified according to NACE Rev.1.1). In particular they are considered productive
sectors that show the largest export tendency (Istat 2012), representing a large share
of so called “Made in Italy”, so the export tendency is implicitly taken into account.
Table 1 lists the economic sectors considered in this study.

Table 1: Economic sector classification

Description NACE Rev.1.1 NACE Rev.2

Manufacture of leather and related products 19 15

Manufacture of machinery and equipment n.e.c. 29 28

Manufacture of electrical equipment 31 27

Manufacture of other transport equipment 35 30

For these economic sectors the export tendency is over one third for 2007
while in 2010 the export tendency ranges from 40 to 50 per cent.

The larger enterprises have many local productive units localized in two or
more LLS. In order to produce an accurate estimation at LLS level the variables are
estimated at local unit level on the basis of the local unit employment information
coming from IULGI (Survey on local units employment). The IULGI survey is
carried out every year by Istat to update the Italian Business Register.

3. SPATIAL ANALYIS METODOLOGY

3.1 SYSTEM OF SCORES AND RELATIVE SPECIALIZATION INDEX

The aim of the this analysis is to detect sectors and areas most involved in the present
economic crisis by means of the treatment of different dimensions of the problem:
economic activity, territorial dimension, time, different indexes and economic
variables. In order to summarise the available data and to allow the representation
of the indicators on a reasonable number of maps it was necessary to create a scores’
system that synthesised the information coming from the 4 variables distributions.

In particular we considered the 4 distributions of variables changes from 2007
to 2010. Then the quartiles of the 4 distributions were taken in account and a score
ranging from 1 to 4 was assigned to each LLS according to the quartile to which LLS
itself belongs. So the 4 scores related to each LLS can be added up to generate a
score ranging from 4 to 16.

Now it is possible to establish a threshold for which the overall change of the
4 variables from 2007 to 2010 can be considered positive or negative. This threshold
can be utilised to have both a synthetic measure of economic trend and to create the
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maps of changes according to the kriging procedure. Hence only 4 maps, one for
each sector representing the overall change of the 4 variable between 2007 and
2010, were created.

There could be many other methods to calculate the score. In order to carry
out a sensitive analysis another score system was calculated on the basis of the
standardized means of the 4 variables changes ranks. This distribution was
statistically compared to the distribution of standardised scores described before
and no differences were observed.

It was necessary to more accurately determine the geographical context of the
economic sectors localisation, hence we needed to detect the areas in which the 4
economic sectors we were considering were more represented. We calculated for
each sector the RSI (Relative Specialization Index). The RS index is calculated as
a ratio between the incidence (in terms of employment) of the sector j on total
employment of the i–th LSS, the denominator is represented by the same index
calculated on all Italian productive system (i.e. all LLS). So the RS index can be
represented as follows:

RSI = (∑LSS E
J /∑ LSS E) / (∑ IT EJ /∑IT E)  (1)

where E is the number of persons employed and j represents the j-th sector.
If  RSI > 1 then the LLS productive system presents a “specialisation” for the

sector j while if RSI <= 1 the LLS productive system does not have a “specialisation”
for sector j.

3.2 GEOSTATISTICAL METHODOLOGY

Generally when an aggregate territorial data set is considered, the border of the unit
of analysis coincides with the local administrative unit, hence it represents an a
priori factor that may strongly affect the analysis. On the other hand also in lattice
models the choice of the pentagons’ size forming the lattice may strongly affect the
analysis outputs (Arbia, 1989).

In this paper, by using the Euclidean distances among the LLS centroids, we
detect by means of spatial interpolation, theoretical areas or surfaces that, abstracting
from the local administrative unit borders, represent the spatial dimension and,
therefore, the spatial continuity of the phenomenon. The surfaces modelling is
largely utilised in geosciences and for the representation of continuous variables.
In the economic sciences context, generally, the territorial unit overlaps with the
local administrative unit and the modelling techniques are applied considering the
economic variables located in the territorial unit barycenter (Boffi, 2004, pp.155-174).

The modelling of an attribute within a spatial region needs the application of
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geostatistic methods that consider a random function associated to the attribute
(Cliff 1981; Bierkens et al., 1993; Banerjiee et al., 2004; Truglia, 2011).

For any single point u of the spatial region so that u∈A, the value of the
attribute of a spatial datum is modelled as a random variable Z(u). Hence for each
point u, the random variable Z(u) may get different values for the attribute, each
value is related to an occurrence probability. For the n sampled points, uα, with α
=1, 2,...n, z(uα) are considered deterministic. The function of multivariate
accumulated distribution, which characterises the random function composed by k
random variables, is defined by:

F(u 1…,uk; z1,…, zk) = Prob { Z(u1) ≤ z1,…, Z (uk) ≤ zk }. (2)

The function of univariate conditioned accumulated distribution F(u; z|(n))
models the local uncertainty of a random variable. The function of multivariate
accumulated distribution models the global uncertainty of a random field (Moreda
et al., 2006; Truglia, 2011).

Before carrying out the kriging analysis it is necessary to acquire a set of
information about the spatial data configuration and spatial heterogeneity. The
variogram is the statistical function that relates the distance between points (lag)
and variability. It is expected that the higher the geographic distance is, (calculated
all over the couples of points), the higher the variability is (Truglia et al., 2008).

The value of the distance h for which the variability reaches the boundary
value Sill becoming stationary is called range (Cressie, 1993, par.2.3.1). Besides
distance, variability may vary with respect to direction (anisotropy). In this paper
the Sill value varies depending on the direction (Cressie, 1993, pp.63-64). Hence,
in Table 2 the minimum and the maximum range values are presented (in meters).

Figure 2 presents the average points for the experimental variogram and the
experimental variogram function for the model applied in this paper.

Table 2 – Mathematical model employed in fitting indicative variogram

Variogram NACE19 NACE29 NACE31 NACE35

Model Spherical Spherical Spherical Spherical

Anisotropy yes yes yes yes

Minor Range 40065 20707 56251 25055

Major Range 120000 62091 1679898 74813

Partial sill 0.037 0.044 0.013 0.052

Nugget 0.166 0.067 0.260 0.193

Lag Size 10000 10000 20000 9000

N¡langs 12 12 10 10
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Preliminary analysis show that variability depends on distance but also on
geographical direction (anisotropy). Table 2 presents the main experimental
parameters.

The mean for the NACE sectors (Table 3) is around 0, it implies the absence
of systematic errors. Moreover the RMS values are very similar to ASE ones, hence
the model explains the space variability satisfactorily. Finally the RMSS statistics,
which relate observed and theoretical variability, is lesser than 1, hence it satisfies
the theoretical hypothesis.

Table 3 –Statistics of the experimental errors for indicator kriging

Prediction standard error NACE19 NACE29 NACE31 NACE35

Samples 201 422 336 240
Mean (M) -0.002 0.001 0.000 -0.005
Root-Mean-Square (RMS) 0.450 0.498 0.189 0.528
Mean Standardized (MS) -0.003 0.003 0.002 -0.009
Root-Mean-Square Standard.(RMSS) 0.956 0.990 1.000 1.000
Avarage Standard Error (ASE) 0.474 0.503 0.186 0.525

The indicator kriging procedure may supply an approximation of the function
of conditioned accumulated distribution. This kriging is an estimation technique

Figure 2: Experimental and theoretical variogram
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with the same basis of the linear kriging, but it is applied to attributes with non-
Gaussian distribution, which are transformed depending on a non-linear mapping.
The non-linear transformation, called codification (Deutsch et al., 1998), transforms
each value of the set into indicator values by means of indication of the kind:
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Codification by means of indication is applied on the whole sample set, and
creates, for each cutting value, a transformed sample set values by means of
indication that takes values either in 0 or 1. One can estimate conditional expectation
E{I (u; zk_(n))} by algorithms of kriging, which employ numeric random variables,
codified by means of indication. Kriging by simple indicator is simple linear
kriging applied to a sample set codified by means of indication at the cutting values
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where i≠j are weights associated to the threshold that are obtained by solving a
system of equations by applying the Lagrange’s multiplier under the condition: the
sum of the pondering weights equal to 1:
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where λi and j (with i≠j) represent the i-th and the j-th point respectively separated
by the distance h:

φ (u) →  Lagrange’s multiplier;

γ (u) →  variogram function (Ciotoli et al., 2005).

Kriging by means of indicator yields, for each cutting value zk, an estimate,
which is the best least square estimate of the conditional expectancy, of the random
variable I(u;zk). So it is possible to compute, given this property, the estimates for
the values of the function of accumulated distribution of Z(u). The discrete
approximation of the real function of accumulated distribution of Z(u) is given by
the values of the functions of accumulated distribution, estimated at the cutting
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values. The greater the number of cutting values, the better the approximation
(Moreda et al., 2006). Thus, indicator kriging is defined as nonparametric, as it does
not assume the probability distribution of the random variable. Hence it allows the
construction of a discrete approximation for the function of accumulated distribu-
tion of Z(u). One may directly use the discrete probability values to estimate the
characteristic statistical distribution values: mean, variance, median.

4. RESULTS

4.1 PRELIMINARY RESULTS

First the changes between 2007 and 2010 variables levels are calculated for each
LLS and for each sector. The quartiles of distributions of changes are shown in Table
4.

Table 4: The quartiles of the distributions of changes between 2007 and 2010

Nace Statistics ∆ ∆ ∆ ∆ ∆ num ∆ ∆ ∆ ∆ ∆ afs ∆ ∆ ∆ ∆ ∆ tur ∆ ∆ ∆ ∆ ∆ roi

19  Q3 0.5 19.0 28.0 100.0

Median 0.0 -7.0 -1.4 -15.9

 Q1 -33.3 -28.8 -18.0 -67.3

29  Q3 20.8 31.4 10.7 4.9

Median 0.0 -0.8 0.0 -41.2

 Q1 -25.9 -26.1 -30.3 -74.6

31  Q3 21.4 29.7 33.7 25.8

Median 0.0 -8.6 -2.3 -35.0

 Q1 -33.3 -42.5 -30.0 -78.5

35  Q3 25.0 36.7 27.9 30.8

Median 0.0 -3.5 -19.3 -51.8

Q1 -25.0 -44.5 -46.9 -123.0

Table 4 shows a decrease over time for all indicators presented here; this
means that the crisis hit very hard and even the 2010 recovery is not enough  to reach
the production capacity levels registered before. Positive values are registered only
around the third quartile for all variables. Hence the Italian productive system
presents, for these sectors, a decrease in terms of number of enterprises, size of
firms, their volume of sales and their capacity to reach satisfactory profitability
levels. Table 4 shows a greater decrease of average sales for high tech industries
(Manufacture of electrical equipment and Manufacture of other transport equipment).
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Manufacture of machinery shows slightly better results while Manufacture of
leather has the best performance. Profitability presents a strong decrease for all
sectors with the exception of Manufacture of leather that registers a slightly better
result.

Then the score, based on distribution quartiles of the variables, is calculated
for each LLS as described above. The system of scores has its own distribution; in
Figure 3 the overall variables distribution of scores is represented.

The median, under the hypothesis of equidistribution, can be located at 10 (the
midpoint between 4 and 16). At any rate, in our population, the distributions of
variables present mainly negative value due to the crisis, so one can hypothesize that
the change equal to 0 is located near the two-thirds of scores distribution (i.e. around
the score 12) a little before the 3rd quartile. It was decided to set up the kriging
threshold at 11 since the median values of variables for LLS with score equal 11 are
around 0.

The RS index is calculated for the year 2007 in order to define the areas for
which one specific industry is relatively more important and to foresee where the
effects of the recession would be more serious. In Figure 4, the maps for RSI
calculated for each economic activity are shown.

Figure 3:  Scores distribution for overall variables (The horizontal axis represents the value of
the sum of scores, for each LLS; the vertical axis represents the number of occurrences.)



356 Boselli C., Truglia F.G., Zeli A.

Figure 4: Maps of Relative Specialization Index by economic activity – Year 2007
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It can be noted that NACE 19 (Manufacture of leather and related products)
is concentrated in northern regions above all in the Po valley (Veneto) and in the
central regions, in particular: Tuscany (Florence area) and the Adriatic belt. The
NACE 29 (Manufacture of machinery and equipment n.e.c.) is mainly concentrated
in the Po valley, NACE 31 (Manufacture of electrical equipment) is diffused more
homogeneously in almost all Italian regions although there is, once more, a larger
concentration all over the Po valley. NACE 35 (Manufacture of other transport
equipment) presents a larger concentration around the greatest industrial cities such
as Milan, Turin and Bologna in Northern Italy. A particular specialization around
the main logistic and maritime hubs such as Genoa, Venice and Trieste for the north
and Naples and Taranto for the south can also be noted.

4.2 ANALYSIS OF CHANGES

The kriging methodology was applied to perform the spatial analysis for each
economic sector at LLS level. The scores (described above) constitute the basic data
on which the spatial analysis is carried out. The kriging maps describe the changes
which occurred in the structure of industries productive system. The results are
shown in Figure 5.

The lighter the zone in the map, the higher the score (so for the light zones the
score has an higher probability to be greater than 11), on the contrary the zones that
have lower scores are dark-coloured.

The first map (related to Manufacture of leather) shows a substantial resilient
productive structure. The dark areas are concentrated mainly in southern regions
and at the edge of the specialization areas in northern and central regions. Moreover
in northern and central regions the dark areas are located away from the main
communication routes. Hence the most important resilience areas are concentrated
in Tuscany (above all in the north of the region and in the metropolitan area of
Florence) and along the Adriatic belt. These zones also represent, the core of
relative specialization areas.

The map for Manufacture of machinery registers resilient zones above all in
the south (around Naples) and in some northern zones (western Lombardy, Bologna
and internal Veneto areas). Even though the framework denotes a deep reversion
diffused throughout the country, there are many areas (Emilia and Tuscany) in
which the productive structure shows recovery signals. On the contrary Manufacture
of electrical equipment presents large dark-coloured areas widespread all over the
country and very few resilient areas (above all around Milan and in Liguria). The
dark-coloured areas are pervasive in all LLSs, denoting a large and deep crisis for
this industry.
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Figure 5: The resilient and reversion areas – Kriging analysis results
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The last map (Manufacture of other transport equipment) shows (like
Machinery) more resilience in peripheral areas (southern regions and the  mountain
zone in the north) and a deep crisis in the country’s economic and social “centre”.

The economic and social “centre” is the set of regions that represents the
productive core of a country. It is generally located near the relevant markets abroad
(so it may be established by the border regions) and it includes the capital city region
(Mera, 1973;  Hall and Hay, 1982; Boselli, Truglia and Zeli, 2013). The “centre”
for Italy is represented by Po valley regions and by the Rome area.

For Manufacture of electrical equipment sector and Manufacture of other
transport equipment the crisis hit mainly the “centre” regions while a greater
resilience in marginal zones is shown. The Manufacture of machinery presents a
more resilient area in the “centre”, but the zones with greatest recovery signals are
concentrated in southern regions.

5. CONCLUSIONS

We have presented a methodology and an information set that allowed a very
detailed analysis of the territorial dimension of the 2007-2010 economic crisis for
Italy. We have considered 4 of the most important industries in terms of export
tendency and we analysed them for resilience of productive capacity perspective.
We have calculated scores that synthesized the variables changes related to each
single LLS and analysed them by means of a spatial-statistics analysis.

The industries which have mainly suffered from the first phase of the global
crisis are principally the ones with the greatest export tendency, but among them the
crisis hit the high and middle tech sectors more. Hence it can be observed: on the
one hand, more resilience areas for low tech sectors such as Manufacture of leather
that have to face, above all, the challenge of newly developed Countries; on the other
hand, there is a more pervasive reversion for high tech sectors such as Manufacture
of electrical equipment and Manufacture of other transport equipment, that are in
direct competition with other European producers. This kind of behaviour signals
serious competitive problems due to the Euro rules that strongly reduce the
competitive strength of Italian industries, it implies a great decrease in average
sales, above all (as described above) for high-tech/high export tendency industries
that suffer from a stronger competitiveness from other Euro zone countries.

From the territorial point of view we have demonstrated that the crisis has
mainly hit “centre” areas in the Po valley and in central Italy; marginal areas in the
south or in northern peripheral zones show, in certain cases, more resilience. This
may have jeopardized the productive system resilience in the following second
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phase of the crisis, from 2011 to 2013. Nonetheless a sort of “spurious” correlation
has to be pointed out: the crisis bites the “centre” above all because most of the
country’s productive capacity is localized there. On the contrary, in peripheral
zones, with establishments of few companies and lower production level, the
recovery indicators may improve more easily.

We have also to point out the role of infrastructure: in many cases the dark-
coloured areas are away from main communication routes that play an important
role, not only in developing an area, but also in improving the possibility of
resilience of having to deal with an economic downturn.

The study outputs have to be analysed more in-depth and the analysis needs
to be extended to cover also the second crisis phase, from 2011 to 2013. In particular
it is important to understand:
– if the second phase of the crisis endangered, even more, the Italian economic

structure,

– if the areas and the sectors more affected by the first crisis phase are the same
as those which have suffered more in the second phase or, on the contrary, they
have presented some signal of recovery.

– and, more importantly, if the productive capacity in the relative specialization
areas (i.e. Northern and Central Italy) and in industries that present a greater
export tendency towards the Euro zone might have to be compromised.
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