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Abstract
This paper analyses regional competitiveness at the subregional level through a novel 
methodological approach that adopts a matching design. By comparing the performance 
of similar firms in different parts of the region, it is possible to detect whether different 
places provide different competitive territorial assets. Using data for Lombardy, a large 
and competitive European region, the analysis shows that the different territories of the 
region are differently competitive in different industries, even when they are similar in 
terms of total GDP per capita or specialization. The paper also confirms that measur-
ing competitiveness on different indicators (Labour Productivity, TFP, Profitability) can 
provide different results, and this especially happens when comparing static and dynamic 
indicators. The methodology presented here is especially relevant to the design of regional 
policies, that are mostly deployed at the NUTS-2 level but would benefit from accounting 
for the presence of strongly dis-homogeneous territories inside the same region.

Keywords  Territorial competitiveness · Internal regional development · Propensity score 
matching · Counterfactual strategies

JEL codes  R12 · R58 · L25 · C19

1  Introduction

The concept of competitiveness has, in recent decades, risen from being a firm-related con-
cept to being a central element for the understanding of the economic development of coun-
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tries and regions. Indeed, firm competitiveness and territorial competitiveness are closely 
related. Firms competing among each other in a globalized economy are not monads; rather, 
they are tightly rooted in the territorial context surrounding them, where their competitive-
ness is strongly affected, if not determined, by the local context in which they operate (Bos-
chma, 2004). A large set of elements influencing firm competitiveness are, in fact, highly 
territorialized and unevenly distributed in space (e.g., infrastructure, human capital, skilled 
workers and quality institutions) (Dierickx & Cool, 1989; Maskell & Malmberg, 1999); 
even the presence of other firms (both related and nonrelated) may be important for their 
competitiveness (Balland, Boschma, & Frenken, 2015).

While many studies focus on comparing the competitiveness of countries and regions, 
difficulties arise when researchers and policymakers need to look at territorial units smaller 
than usual statistical regions, for instance, when the aim is to understand the possible dif-
ferentials of competitiveness inside the same region, to highlight the presence of territorial 
specificities in competitiveness and its dynamic evolution.

Two main approaches in fact exist, one based on composite indicators, and one based on 
firm data. Composite indicators are normally impossible to use at scales smaller than the 
regional indicators due to the lack of statistical data at smaller spatial scales. For example, in 
the EU, Eurostat reports many indicators and statistics at the NUTS-2 level and only fewer 
indicators and statistics at the NUTS-3 level1.

Firm-level data, on the other hand, might allow us to go into a smaller scale, but they are 
mostly used to understand the competitiveness of firms. When they are used to understand 
territorial patterns, they are usually aggregated, so it is difficult to understand whether the 
results depend on the territory, or industrial specialization, or the type of firms that are pres-
ent in a certain region.

This paper aims to fill this gap with a methodology to estimate the differentials of com-
petitiveness between small statistical units, e.g., the different subregions of a NUTS-2 
region. This is done with a novel methodological approach that involves a two-step match-
ing procedure with firm-level data.

The case study in which this novel approach is tested is Lombardy, in Italy, one of the 
most productive and competitive regions in the EU and commonly considered the core 
engine of the Italian productive system; Lombardy is a densely populated (both by people 
and firms) large region with consistently high scores in the Regional Competitiveness Index 
(RCI) computed by the EU Commission. Lombardy is, on the one hand, the most populated 
region of the country and, on the other hand, the one with the highest scores in the RCI.

Another possibility to illustrate the methodology could have been by using a cross sec-
tion of different Italian provinces (NUTS-3), but in case they belong to different regions, 
they would have been affected by different political and institutional settings.

The research has a number of objectives that sequentially follow one from the other, 
since the first (methodological) objective is the main objective of the paper, while the sec-
ond and third are ancillary and follow from a first application of the methodology to the 
case study region.

1  NUTS is the acronym for Nomenclature of Territorial Units for Statistics, which are the statistical units of 
the European Union, periodically revised by Eurostat, the official statistical office of the EU. The last update 
was published in 2020 (Eurostat, 2020). For Italy, NUTS-2 correspond to administrative regions, while 
NUTS-3 correspond to provinces and metropolitan areas. For a map of NUTS in the case study presented in 
the paper, the reader will refer to Sect. 3.1.
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The main aim of this paper is to propose a methodological approach to measure territo-
rial competitiveness in a novel way by analysing it through the impact of territorial factors 
on firm competitiveness. In particular, the levels of competitiveness at the territorial level 
are detected—rather than from composite indicators—by the fact that similar firms that 
operate in different territories have different competitive performances. By controlling for 
firms’ characteristics and sectoral dynamics, the differences in the performance of firms can 
only be due to their location and, therefore, when a significant difference in competitiveness 
is detected, this is due to the territorial characteristics of places, especially on the levels 
of what is now commonly called territorial capital (Camagni, 2009; Fratesi & Perucca, 
2019). The corresponding null hypothesis — validated by the eventual absence of differ-
ential effects in the empirical results — would, on the contrary, suggest that at the selected 
territorial level, the competitiveness of firms is mainly impacted only by individual firms’ 
choices, characteristics and industrial dynamics reinforced by cumulative processes.

Fulfilling the main aim of the paper, also enables to confront two important open issues 
of regional competitiveness. The first of these ancillary objectives is to show how much the 
use of different indicators can lead to different rankings on territorial competitiveness. If this 
is confirmed, in fact, one can induce those analyses that focus on just one indicator may be 
weak, since they would not be confirmed with other indicators. In particular, the expecta-
tion is to find a difference between the results obtained through the use of static competitive 
indicators and results obtained when competitiveness is measured in dynamic terms.

The second ancillary objective of the paper, also illustrative of the potentialities of the 
methodology, is to characterize the differences in competitiveness within the Lombardy 
region between its territories. Despite the fact that most analyses of regional competitive-
ness in the European Union adopt the NUTS-2 level, the emergence of dis-homogeneities 
between the different territories inside a single region is expected and going to be tested, in 
particular the presence of subregions with similar levels of GDP and/or specialization that 
are differently competitive in one industry or another.

The results of this paper show how important it is to measure territorial competitiveness 
at smaller territorial units with respect to NUTS-2 regions, since in this way it is possible to 
provide valuable new policy information on the territorial strengths and weaknesses inside 
the region, such information will help design more effective industrial policies at the territo-
rial level and reduce the risk of wasting time and resources into ineffective actions.

Knowing the competitiveness specificities of territories smaller than EU NUTS-2 regions 
is especially important in light of Smart Specialization Strategies (S3), which have been at 
the core of European regional competitiveness policies for programming period 2014–2020 
(whose payments will end in 2023).

The rest of the paper is organized as follows: Sect. 2 will provide a brief review of the 
two ways of measuring competitiveness at the regional and firm levels, and Sect. 3 will 
present the choice of the case study and the data that are used. Section 4 will present the 
new methodological approach that has been developed to assess territorial competitiveness 
based on firm-level data and a two-step matching procedure, alongside the tests performed 
for the validation of the model. Section 5 will present the results on static and dynamic 
indicators. Section 6 concludes and argues the importance of being aware of territorial dif-
ferences at smaller spatial scales.

2. Literature review.
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1.1  The concept of competitiveness

The concept of competitiveness was born for the analysis of firms but was soon translated 
to include spatial units, first nations and then regions and cities. Most likely, the most influ-
ential seminal book, which revamped the whole literature, was the one by (Porter, 1990), 
a scholar who had studied competitiveness at the firm level, before extending the analysis 
at the national level, with the ideation of the famous diamond, where national success in 
a certain sector depends on elements such as factor conditions, demand conditions, firm 
strategy, structure and rivalry and, finally, the presence of related and supporting indus-
tries. All these elements are not only different between countries but also between regions 
inside countries and sometimes essentially local, as this seminal contribution was aware of 
when analysing the role of geographic concentration. In the 1990s, thereafter, the number 
of analyses of regional competitiveness was very high and used in a variety of ways and 
contexts (Turok, 2004). Even more relevant was the importance of this word in the public 
policy debate, which led to the criticisms by Krugman (1994, 1996), who considered that 
the view of countries as competing in the global arena, similar to firms, was misleading and 
leading to wrong economic policies. However, another influential scholar (Camagni, 2002) 
confuted that statement by showing how the regional and national levels are different so that 
competing for regions is different than for nations due to the absence of a number of macro-
economic adjustment mechanisms. As a consequence, in contrast to countries, being com-
petitive for regions is a necessity to avoid exclusion, decline and, possibly, desertification.

The regional science literature shows that competitiveness is a phenomenon with a clear 
spatial characterization. On the one hand, regional competitiveness depends on the competi-
tiveness of the firms that are located there. At the same time, however, the competitiveness 
of firms is influenced by the factors and conditions that are present at the regional level in 
their place of location.

Regional competitiveness, therefore, is normally “understood to refer to the presence of 
conditions that both enable firms to compete in their chosen markets and enable the value 
these firms generate to be captured within a particular region” (Huggins & Thompson, 2017, 
p.2). Although most authors would agree on such a definition, the theoretical underpinnings 
of the competitiveness discourse are often blurred and vary between the micro and the 
macro, so that the success of the competitiveness term may be owed to the need of policy-
makers to justify certain courses of action (Bristow, 2005).

Consistent with this two-level definition of regional competitiveness, the measurements 
of competitiveness that are relevant to this work have been achieved within two strands, 
one at the level of firms and the other at the level of regions. The competitiveness of firms 
is normally assessed through various indicators of firm performance, in many cases com-
ing from the firm balance sheets, in others from aggregate performance indicators such as 
employment or revenues. In contrast, the competitiveness of regions and cities is normally 
measured through composite indicators and indexes.

1.2  The measurement of competitiveness with firm data

Examples of the measurement of competitiveness using indicators at the firm level are in 
the papers by Akben-Selcuk (2016), Čadil, Mirošník, & Rehák (2017), Rodríguez-Pose & 
Hardy (2017). These indicators are normally the same as those used in the literature on the 
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microeconomic impacts of regional policy, for instance, in the papers by Bernini, Cerqua, & 
Pellegrini (2017), Bernini & Pellegrini (2011), Sterlacchini & Venturini (2019). Early stud-
ies in the 1990s focused on a “resource-based” view where a firm’s competitive advantage 
derives from those resources that match specific conditions; later, scholars moved more 
towards a “capability-based” perspective, emphasizing a more dynamic view of competi-
tion (Depperu, & Cerrato, 2005). Following Ma’s (Ma, 2000) dichotomy of “positional” and 
“kinetical” advantages for competitiveness, positional advantages (static) derive from the 
position in a specific market and ownership or access to resources, while kinetical advan-
tages (dynamic) derive from a firm’s capabilities, competence and knowledge.

Some of the recent papers focus on static indicators (Productivity, Profitability, etc.), 
e.g., (Akimova, 2000; Bramanti & Ricci, 2020; Laureti & Viviani, 2011). Other papers, 
instead, analyse competitiveness based on dynamic indicators (productivity growth, GVA 
growth, employment growth, etc.), e.g., (Aguiar & Gagnepain, 2017; Albanese, de Blasio, 
& Locatelli, 2021; Bhattacharya & Rath, 2020).

Literature indicates that many empirical works, employing firm-level data, are still lim-
ited by difficulties in isolating the different sources of effects induced by different factors 
(Cerqua & Pellegrini, 2014) or by specific local conditions. A wide range of counterfactual 
methodologies have been applied to firm-level microdata to deal with these issues. Exam-
ples of different strategies employed to contain these issues can be found – especially – in 
the literature on the microeconomic impacts of regional policy, where different matching 
designs, both binary and generalized (Adorno, Bernini, & Pellegrini, 2007a) are used to 
control for firms’ characteristics.

Most interesting, in reference to this paper, is a contribution by de Zwaan and Merlevede 
(2013) tasked with the problem of studying the impact of a policy over a very differentiated 
pan-European context. They resolved to control the heterogeneous social and economic 
composition of EU territories by employing a ‘two-tier’ matching strategy where they first 
match among them different European regions (NUTS-2) based on aggregate characteristics 
and then – inside these groups – matches treated and nontreated firms controlling for firm’s 
characteristics (Zwaan & Merlevede, 2013).

1.3  The measurement of competitiveness with composite indicators

For the measurement of competitiveness at the level of cities and regions, as mentioned 
before, most analyses use composite indicators. One of the most interesting earlier attempts 
is the one by (Huggins, 2003). At that time, a number of indexes existed at the country 
level, produced by several important international bodies, while at the regional and local 
levels, information was lacking, so his measurement for the UK regions was empirically an 
advancement, but even more it was conceptually interesting because it used indicators that 
belong to three phases of the competitiveness process, i.e., the inputs, the outputs and the 
outcomes. This classification is common in policy evaluation, but unfortunately, it is less 
diffused in the competitiveness discourse.

Later, the European Union started to systemically benchmark the competitiveness of its 
regions against each other, creating the European Regional Competitiveness Index (RCI), 
which has been produced every three years starting in 2010 and has reached its 4th edition 
(Annoni, Dijkstra, & Gargano, 2017; Annoni & Kozovska, 2010; Djikstra & Annoni, 2019). 
Having a systemic and timely measurement is helpful because it allows interregional com-
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parisons but also, at least to a certain extent, time comparisons because it is possible to see 
whether the position of a certain region improves or worsens in time. The RCI is based on 
the idea that many different pillars are relevant to regional competitiveness (each measured 
through a number of basic indicators) and that these pillars can be aggregated inside three 
main groups, whose weight changes according to the level of development of regions. In 
fact, if for low levels of regional GDP per head, the most important factors of competitive-
ness are those of the basic group, for those with higher levels the importance of efficiency 
group, and then of the innovation group, is larger (Annoni, Dijkstra, & Gargano, 2017; 
Annoni & Kozovska, 2010).

Similar exercises with composite indicators also exist at the urban level, since urban 
agglomerations are competing against each other, not only in terms of production but also in 
terms of the attraction of multinationals and functions (Kamiya & Ni, 2020; Kresl & Singh, 
2012; Ni & Kresl, 2010; Sáez, Periáñez, & Heras-Saizarbitoria, 2017).

Regional competitiveness has also been an important objective at the level of policy, and 
this has not changed for some time now, especially in the EU. For instance, within the Euro-
pean cohesion policy programming period 2014–2020, the reference to competitiveness has 
been important within all thematic objectives related to smart growth, particularly TO12. 
In the context of cohesion policy design, understanding the internal regional differences in 
territorial competitiveness is pivotal for both the effectiveness and efficiency of the enacted 
policies. Despite that, to the knowledge of the authors, a reliable instrument to measure such 
differences has not yet been proposed.

2  Case study and data selection

2.1  Lombardy a large and competitive region

To fulfil the purpose of this study, and especially its third objective, necessary is the selec-
tion of a suitable study area that allows us to illustrate how the methodology works and how 
large the differentiation of competitiveness can be even within a region that is normally 
labelled competitive. Indeed, from an empirical point of view, a study such as this one could 
be applied to all subregions of a whole country, but the paper focuses on only one NUTS-2 
Italian region due to 3 main considerations stemming from the objective of characterizing 
internal regional competitiveness. Focusing on only one region was the most suitable deci-
sion due to:

i)	 administrative boundaries and differences. Indeed, many items of social, economic and 
industrial regulations are delegated to the regional government – this also applies to the 
programming of public and European policies, so taking only one region is the only 
way to ensure that the administrative and legal framework is exactly the same;

ii)	 Regional cultures and social practices may be extremely differentiated between regions;

2  Both the European Structural and Investment Funds and the Cohesion Fund are structured to support 11 
investment priorities, also known as thematic objectives (TO). In particular, TO1 supports the “Strengthening 
research, technological development and innovation”.
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iii)	 Italy is known to have a very large economic and industrial gap between the north-
ern and southern regions; moreover, significant differences can also be found between 
closer regions.

Focusing on a single region to perform the analysis allows us to compare territories that not 
only share the same administrative structure but also share similar cultures and social and 
economic practices.

Lombardy – the selected study area – is a NUTS-2 region in the northern part of Italy. 
Many reasons indicate that it is a very suitable case study to understand and characterize 
internal territorial differences.

First, Lombardy is a large region: one of the largest Italian regions in terms of area but 
also the largest in terms of population and economic activity, and the second most populated 
European NUTS-2 region3. Both in terms of population and GDP Lombardy is closer to 
small European countries rather than other Italian or European NUTS-2 regions: its 2019 
population of 10,010,000 inhabitants was larger than that of Austria and Hungary, and 
slightly less than Greece and Czechia; its 2019 total GDP at market prices (Euro 398 bil-
lion) was almost identical to that of Austria (397 billion) and not far from that of Belgium 
(Euro 476 billion)4. As a term of reference, the second highest GDP of an Italian NUTS-2 
region is that of Lazio (200 billion) which is almost half of that of Lombardy. Despite its 
size, there is just one Lombardy in the regional competitiveness index, and there is just one 
smart specialization strategy for the region.

Second, Lombardy as a whole is generally considered a highly competitive and produc-
tive region, often compared to other well-performing European NUTS-2 regions rather than 
other Italian regions (Vezzani et al., 2017). In the last edition of the European Competitive-
ness Index (2019), Lombardy is the first Italian region, ranked 145 out of 268 EU regions, 
with a GDP per capita at 127% of the EU average (Djikstra & Annoni, 2019).

This allows us to study and characterize the internal competitiveness of a well-perform-
ing region, in a context not blurred by decades of lagging and struggling economy and often 
ineffective public interventions, as is the case of many other—especially southern—Italian 
regions (Cannari, Magnani, & Pellegrini, 2010; Trigilia, 2012).

As the most competitive region of the country, Lombardy has been studied in a number 
of different academic and policy studies (Beber & Brugnoli, 2012; Bramanti & Ricci, 2020; 
Dal Bianco & Fratesi, 2020; Vezzani et al., 2017).

From a geographic point of view, Lombardy is relatively wide and has high territorial 
variability: in the same region, one can find vast lowlands filled with large and small cities 
and economic activities, as well as many mountainous and rural areas. Administratively, the 
region is divided into 12 provinces (NUTS-3 areas). Inside this highly variated territory, one 
large metropolitan area can be found, the city of Milan, which is not only the largest city of 
the region but also the largest economic centre of the country. Alongside the metropolitan 
area of Milan, there are also other large cities with different economic and social vocations, 
as well as many medium and small cities.

A map of the region and its NUTS-3 areas is presented in Fig. 1.

3  The most populated European NUTS-2 region is the Île de France, the capital region of France (12,252,000 
inhabitants) the third Andalucía (8,427,000 inhabitants). The second most populated Italian NUTS-2 region 
is instead Lazio, the capital region of Italy, with only 5,773,000 inhabitants.
4  Official data from Eurostat database, downloaded in 2021.
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2.2  Data and timespan of the research

For this research, a wide range of data was gathered – especially firms’ microdata – origi-
nating from different institutional and proprietary sources. Three are the main sources of 
data: (i) Italian Census data to define provincial administrative boundaries and provincial 
characteristics (ISTAT, 2011); (ii) the ASIA database (The Italian register for active firms 
and companies) providing provincial aggregate data on all Italian firms and their employees 
(ISTAT, 2020); and (iii) AIDA, proprietary database from Bureau Van Dijk providing bal-
ance sheet information for firms located inside Italian territory (Bureau van Dijk, 2020).

The core of this empirical strategy resides in the use of these firm-level data. Indeed, 
using firm-level data allows us to locate each firm in the Lombardy region inside its specific 
NUTS-3 province and match them with firms located outside based on firms’ characteristics.

However, while these microdata have the advantage of reporting a large number of firm 
characteristics, it is important to consider that they also have some major drawbacks. The 
first drawback is that the AIDA database does not report data for all Italian firms, and the 
reported sample is unbalanced towards larger and more established firms (Pinto Ribeiro, 
Menghinello, & Backer, 2010); moreover, some of the reported information – such as the 
address and geo-localization – may not be completely accurate and updated or may even be 
missing. These issues were limited by cleaning the database, recoding some geo-localiza-
tion data and excluding various typologies of outliers (based on core firm characteristics) 
from the analysis. A final note on data management regards firms entering and exiting the 
market. The dynamics of firms’ demography are a central issue in the discussion of territo-
rial competitiveness (Audretsch & Peña-Legazkue, 2012; Fritsch, 2008; Van Dijk & Pellen-

Fig. 1  Lombardy’s administrative NUTS-3 Provinces
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barg, 2000); however, available data are not suitable for a specific focus on firms entering or 
exiting the market. Therefore, those firms incorporated after the initial period are excluded 
from the analysis, as those firms that are non-active at the time of the final period (see below 
for the definition of initial and final periods).

At the time of the research, the AIDA database, providing firm-level balance sheet infor-
mation, was updated to 2018. Thus, yearly firm data for the 2009–2018 period are collected.

As an additional measure to account for eventual missing data, errors in the reporting 
of data and possible “yearly outliers”, two time periods composed of multiple years are 
defined: the “initial period”, between 2009 and 2011, and the “final period”, 2016–2018. 
Both firms’ characteristics and competitiveness indicators are calculated as the mean values 
over these periods to reduce noise.

3  Methodology

3.1  A Counterfactual measure of Territorial Competitiveness

The main purpose of this article is to measure territorial competitiveness at a smaller ter-
ritorial level with respect to the one for which indexes exist. Such an aim poses several 
challenges, including the lack of an indicator—or indicators—for territorial competitive-
ness at a smaller administrative level than NUTS-2. Theoretically, these challenges could 
be overcome by adapting existing competitiveness indexes at smaller administrative levels; 
however, this would require gathering a large amount of new data or making strong assump-
tions on the spatial distribution of the competitiveness factors recorded by the index.

Moreover, the literature on territorial capital (Camagni, 2009; Fratesi & Perucca, 2019; 
Perucca, 2014) shows that territorial factors are multiple and heterogeneous in their impact 
and that there is no satisfying way—yet—measure all of them.

Instead of relying on a set of proxies or indicators, this article proposes a different meth-
odology to measure territorial competitiveness through the impact of territorial factors on 
firms’ competitiveness. This strategy, and the methodology presented below, have two main 
advantages. First, it relies on already available firm-level data, which allow easy imple-
mentation and change of the level of analysis from the still quite large administrative units 
NUTS-3 (as presented in this paper) to even smaller territories or aggregates of territories 
(e.g., LAUs, LLSs, or classes of municipalities). Second, it does not directly measure the 
different factors of territorial competitiveness; rather, it isolates the overall impact of territo-
rial capital from other sources of competitiveness.

Based on the extended literature on both firms’ competitiveness and territorial capital, 
we can regroup the main factors influencing the competitiveness of individual firms in the 
three following aspects: (i) firms’ characteristics, (ii) industrial sector dynamics, and (iii) 
territorial capital. Given this assumption, a counterfactual workflow5 was developed, able 
to isolate the effect produced by disparities in territorial capital. This allows us to indirectly 

5  Counterfactual methods include a group of techniques widely employed in impact evaluation. Generally, 
they involve comparing the outcomes of interest of those having benefitted from a policy or programme 
(the “treated group”) with those of a non-benefitted group similar in all respects to the treatment group (the 
“comparison/control group”). In the workflow developed for this research, the comparison is performed on a 
spatial dimension (being located in a specific territory) rather than on receiving a policy treatment.
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measure the competitiveness of territories by proxying it via the differential effect on the 
competitiveness of firms located inside a specific territory.

The presence of statistically significant differentials, produced with this counterfactual 
workflow, will validate the hypothesis that there are significant and impacting differences 
in territorial capital at a smaller level than NUTS-2 regions, calling for more research and 
attention on the matter by both policy makers and scholars. The alternate hypothesis is 
the absence of differential effects so that—inside the same region—the competitiveness of 
firms is mainly impacted only by individual firms’ choices, characteristics, and industrial 
dynamics.

The counterfactual strategy — as described in detail below — is implemented via a 
“two-step” matching design (Rosenbaum & Rubin, 1985) including an exact match and 
propensity score matching, which allow the identification of the differential effects — on 
the competitiveness ability of firms, measured via firm-level productivity indicators — of 
being part of a certain territory.

If, in fact, two firms are similar on any other characteristics and only different in terms 
of their location in one territory or the other, the difference of competitive performance 
between these two firms will be due to the external conditions in which they operate, i.e., the 
territorial characteristics of places and the possible presence of external economies there.

This design is tested separately over multiple indicators of firms’ competitiveness mea-
suring both levels of competitiveness in a static setting and differences in competitiveness 
growth over time in a dynamic setting.

In both static and dynamic settings, firms are matched based on whether they are local-
ized inside a specific province; the same strategy is repeated for all provinces (12 NUTS-3 
provinces) in the study area.

To validate the methodology and the credibility of the produced results, several tests are 
performed and reported in Annexes A and B.

3.2  A two-step matching design

Firms are matched using a two-step procedure: step 1 is an exact matching on the industrial 
sector of the specific firm, accounting for the different dynamics produced by participating 
in different industrial sectors. After that, Step 2 is propensity score matching (estimated via 
a probit function) over the most important firm characteristics implemented through the 
use of various data coming from balance sheets and a database of regional policies at the 
microlevel, both available in Italy.

The first step stems from the fact that the industry in which the firm operates is a very 
influential aspect to be considered. On the one hand, dynamic opportunities are different 
in different economic sectors because some sectors are expected to grow more than others 
just because of conjuncture and demand conditions. On the other hand, industries are also 
different in static terms, as they operate in different markets, which implies that they have 
different margins and different organizational requirements.

These multiple effects produced by firms participating in different industrial sectors are 
accounted for in the first step via exact matching: firms are classified based on the main 
industrial sector in which they participate through the NACE Rev.2 classification for indus-
trial sectors and aggregated into 11 categories following the SNA/ISIC aggregation (known 
as the ISIC “High-level aggregation”). Based on this established aggregation (Horvát & 
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Webb, 2020), firms are matched and compared only with other firms in the same sector; 
moreover, among the 11 sectors, only 6 are considered for the analysis, excluding 5 sectors 
due to specific sectorial dynamics or due to a very small number of observations6.

The 6 sectors that are considered in the analysis (manufacture, construction, retail, info 
and communications, financial activities, real estate and scientific and technical professions) 
participate in the exact matching (step 1 of the design), ensuring that firms in one sector are 
compared only to firms in the same sector.

Step 2 is composed of propensity score matching over relevant firm characteristics.
The first firm’s characteristic considered is the age of the firm. If younger firms are nor-

mally expected to be more innovative and dynamic, elderly and more established firms are 
normally more robust and able to benefit from their consolidated presence in the markets 
(Ottaviano, & Mayer, 2007). The age of the firm is recorded as a continuous variable mark-
ing how many years have passed between the year of incorporation of the firm and the last 
year considered in this analysis (2018).

Some firms may benefit from public policy interventions, while others do not and nor-
mally those who do should gain an advantage compared to the others (Adorno, Bernini, & 
Pellegrini, 2007b; Cerqua & Pellegrini, 2014). This is characterised via a dummy variable 
identifying those firms that participated in public policy programmes for the programming 
period “2007–2014”.

The Italian economy is characterised by a large presence of firms in the cooperative sec-
tor. Due to their nature, cooperatives are expected to be less interested in producing profits 
and more interested in the social consequences of their activities. For this reason, in the 
matching procedure, cooperative firms are identified through a specific dummy.

Not all firms are operating with the same geographical extent. Some of them are firms 
that compete in international markets against international competitors, and others are firms 
whose clients are more local and focus on producing goods and services that are sold only 
locally, either to local people or to local firms, when they act as suppliers. For this reason, 
there is a control for whether firms are exporting because it is impossible to control for the 
actual export intensity with existing data.

Large and small firms can also operate differently because small firms are normally 
managed through a much smaller and flexible structure, while larger and more established 
firms—although lacking in flexibility—are stable and less influenced by small market 
dynamics (Ayyagari, M., Demirgüç-Kunt, A., & Maksimovic, 2011; Mayer & Ottaviano, 
2008). Larger firms can also lead local economies and smaller ones (Altomonte & Békés, 
2016). Moreover, small and large firms are subject to different regulations. Among the dif-
ferent firm-size indicators, the number of employees is used here because it has official 
thresholds in Italian regulations. This variable is used in a continuous form, recording the 
number of employees.

Firms may also be different in the extent to which they rely on immaterial assets. This 
can produce large differences between firms belonging to different sectors (an issue that is 
solved by considering the sectors separately) but also within the same sector due to differ-

6  The five sectors which are excluded are “agriculture, forestry and fishing”, “mining and quarrying”, “public 
administration and defence”, “finance”, and the residual category “other service activities”. These are all sec-
tors where either the public sector is particularly important, directly or in terms of regulations and subsidies 
or, as is the case for the financial sector, observations are very few and highly concentrated in a specific place 
due to external factors.
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ent firms’ strategies. This aspect is controlled by a continuous variable registering the share 
of immaterial assets (over total assets) declared by a specific firm, which is present in the 
database.

Another important aspect is the financial position of firms (Ayyagari, M., Demirgüç-
Kunt, A., & Maksimovic, 2011); firms having larger debts may find it harder to obtain 
enough resources to endeavour new investments. The financial position is considered via a 
continuous variable registering the ratio of debts on the total gross earnings of firms.

Using propensity score matching—estimated via a probit function with a caliper of 0.05 - 
firms are matched inside the same industrial sector based on this wide set of characteristics, 
ensuring that the residual differentials on the indicators of firms’ competitiveness are due to 
differences in territorial capital. Both the Pearson correlation and the Spearman rank’s cor-
relation coefficients confirm the absence of high levels of correlation among these variables. 
Specifically, the Pearson correlation test confirms that no pair of variables shows levels of 
correlations above 0.7.

Finally, one more constraint is implemented in the matching design to address the pos-
sible “sorting effect” of firms when choosing their localization. Big cities, especially large 
metropolitan areas, are – not only in terms of social and territorial capital – exceptionally 
more attractive to firms than other territories. This is due not only to higher stocks of ter-
ritorial capital but also to being a “place on the map” (i.e., branding opportunities, name 
recognition) (Wheeler, 2001). The sorting effect puts metropolises and large cities on a 
totally different scale compared to other territories when firms decide where to localize. To 
avoid the possible confounding effect generated by the sorting effect, a simple restriction to 
the matching design is employed: the province of Milan (which is mostly composed of the 
metropolitan area of Milan, the only truly “big” city in the region) is compared with the rest 
of the region; conversely, when matching firms from the other provinces, firms located in 
the province of Milan are excluded from the computation.

3.3  Firms’ indicators of competitiveness

The competitiveness of firms, i.e., their ability to successfully compete in markets, cannot 
be measured directly but only through related proxies. There are therefore many variables 
that can be related to competitiveness.

Some of these may measure the static performance of firms, assuming that firms that are 
in a better situation are as such because they are more competitive. Other variables measure, 
instead, the dynamic performance of firms, which assume that more competitive firms can 
improve their situation faster.

Since the empirical strategy involves both static and dynamic settings, measures that are 
adaptable for both settings are used.

Among the many possible measures, three are especially relevant because of their diffu-
sion in the literature and because the selected variables are indicators of the fact that a firm 
is more competitive than others. These three indicators are related to the fact that the firm 
is either more productive or more profitable and both things are related to competitiveness, 
although productivity is more an input of it, while Profitability is an output.

Two different variables are used to measure the productivity of firms:
The first one is value added per employee, computed as the simple ratio between these 

two variables available in the database (VA/emp). This is probably the most common 



Measuring competitiveness differentials inside the same region: a… 13

1 3

and established variable used to compare the competitiveness of firms. Value added per 
employee to measure Labour Productivity is used in the papers by Aguiar & Gagnepain 
(2017, Bhattacharya & Rath (2020), Falciola, Jansen, & Rollo (2020), Laureti & Viviani 
(2011), Nemethova, Siranova, & Sipikal (2019).

The second variable measuring productivity, Total Factor Productivity (TFP), is more 
complex than value added per employee, but is also more informative. TFP is computed as 
the residual of a Solow production function (Solow, 1956) based on value added and calcu-
lating the capital stock at the firm level using the perpetual inventory method (PIM) (Gal, 
2013). TFP is used, among others, in the papers by Albanese et al. (2021), Ciani, Locatelli, 
& Pagnini (2018), Gal (2013), Lasagni, Nifo, & Vecchione (2015).

The third selected indicator for firms’ competitiveness focuses on firms’ Profitability 
rather than productivity. To measure Profitability, EBIDTA (earnings before interest, taxes, 
depreciations and amortizations) is used as a ratio on turnover. This indicator is very dif-
ferent from the previous two; rather than measuring an “input” generating competitiveness, 
it measures an “output” of being competitive. Indeed, when a firm is or becomes more 
competitive inside its sector, it generates more profits. This measure is used in the papers by 
Aguiar & Gagnepain (2017), Akimova (2000), Bharadwaj (2000), Bramanti & Ricci (2020).

These three indicators of competitiveness are used for both static and dynamic settings. 
In the static setting, the indicators are used to calculate the differentials of competitiveness 
for matched firms—sector by sector—due to being localized in different NUTS-3 provinces. 
For the dynamic setting, the growth rate of the indicators is used.

Both the initial period (2009–2011) and the final periods (2016–2018) are calculated 
as mean values to reduce the problem of nonreported balance-sheet data in some years; 
indeed, data in the AIDA dataset are mostly self-reported by the firms themselves (via the 
submission of balance sheets), and it often happens to find some gap-years in the database. 
Regarding the matching for the dynamic setting, a variable reporting the specific value of 
the selected indicator in the initial period is included. This allows us to effectively compare 
firms that may have different orders of values on the specific indicator.

3.4  Validation of the model

Several aspects of the employed strategy can indeed hinder the reliability of the model: 
the two most critical aspects regard the pool of available firm-level observations and the 
reliability of the propensity score matching. Currently, firm-level databases reporting bal-
ance sheet information do not include the entirety of firms present in the territory. One 
critical aspect of the empirical strategy regards the ability of the available information to 
represent the real distribution of firms inside the region. The consistency of data was tested 
in a two-way matrix (province—sector) against the distribution of “local units” gathered 
from the ASIA database (ISTAT, 2020). The results of this Altham test (Altham & Fer-
rie, 2007)—providing a metric of row-column association in a matrix without requiring 
a specific assumption on the ordinality of data—show that the available observations are 
similarly distributed among provinces and industrial sectors. Annex A reports the results and 
metrics for the row-column association of the two matrixes and elaborates on the applica-
tion and interpretation of the Altham test.

The reliability of the model is tested, producing balancing reports for each individual 
matching. For most cases, a satisfactory level of balancing is present, with fewer exceptions 
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for smaller industries, especially in smaller provinces, as expected from the numerosity of 
data (see Annex B for balancing reports).

Both the strategy and the 2-steps matching model developed, tested on real data, appear 
to be reliable in matching similar firms located in different territories and—overall—isolat-
ing the territorial effects on firms’ competitiveness from the effects produced by sectoral 
dynamics and individual firm characteristics.

The real test, however, in order to confirm the main hypothesis, is whether they are 
able to individuate statistically significant differences in competitiveness between territories 
inside the same NUTS-2 region.

Table 1  Static provincial differentials on LABOUR PRODUCTIVITY (va/empl) 2009–2011
Total Manufacture Construction Retail Info and 

Comm
Real 
Estate

Prof. Sci 
and Tech

MILANO 0.05903*** 0.04539*** 0.03346** 0.06153*** 0.10230*** 0.07939** 0.09781***
(att, tstat) 8.9789 4.4869 1.6957 4.9229 4.0144 2.1413 4.8405
VARESE -0.0132 − 0.0231* − 0.0736*** -0.0205 0.10602** − 0.1688** -0.0526

-1.1789 -1.5010 -2.5515 -0.8711 2.1604 -2.1738 -1.2158
COMO 0.01448 0.00557 -0.012 0.04886* 0.10258* 0.05423 -0.0536

1.0148 0.3058 -0.2869 1.6498 1.5451 0.5281 -0.8818
SON-
DRIO

− 0.0753*** − 0.1435*** − 0.1182** − 0.1266*** 0.01531 0.05886 − 0.2014**

-2.7873 -3.0082 -2.0596 -3.1695 0.1362 0.3332 -2.0483
BER-
GAMO

− 0.0175** -0.0136 0.01778 − 0.0508*** − 0.0623* 0.04238 0.02703

-1.7936 -0.9616 0.7991 -2.4825 -1.4982 0.7015 0.7013
BRESCIA 0.0095 0.03651*** 0.0041 -0.01 − 0.0642* 0.00389 0.02706

0.9991 2.7754 0.1504 -0.5143 -1.6153 0.0647 0.7707
PAVIA − 0.0242* -0.0245 -0.0263 0.04481* 0.0168 0.0818 -0.0239

-1.3819 -0.9854 -0.6369 1.3821 0.2246 0.7093 -0.3246
CRE-
MONA

0.01511 -0.0125 0.01456 − 0.0519* 0.01072 0.09069 0.01331

0.7351 -0.3826 0.2400 -1.3258 0.1401 0.6502 0.1876
MAN-
TOVA

0.02398 -0.0076 0.0563 0.02557 0.05546 0.13954 -0.0267

1.1611 -0.2849 0.8332 0.6559 0.7305 0.9723 -0.3532
LECCO 0.01633 0.04071** 0.04772 0.0379 0.057 0.07758 0.05025

0.9202 1.8645 0.9728 1.0675 0.5914 0.6387 0.6425
LODI 0.02458 0.0241 0.08938* 0.0597 -0.0024 -0.0629 0.04418

0.8449 0.5134 1.5185 1.0510 -0.0295 -0.3756 0.4315
MONZA 0.00618 0.01009 0.03969 0.03217* 0.031 0.05094 -0.0012

0.5201 0.6271 1.1142 1.4155 0.6921 0.7409 -0.0296
T-stat: *t.90 = 1.29, **t.95 = 1.66, ***t.99 = 2.36
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4  Estimation results

4.1  Results for static competitiveness indicators

The counterfactual strategy discussed above produces interesting results, showing the dis-
homogeneous distribution of territorial competitiveness inside the selected NUTS-2 region 
and hence providing evidence supporting the hypothesis that it is worthwhile to analyse the 
differences in competitiveness at smaller spatial scales.

As described in the “Methodology” section, the two-step matching strategy is used to 
compare—over three different indicators (Labour Productivity, TFP and, Profitability)—the 
competitiveness of firms based on their location in one of the 12 provinces of the Lombardy 
region to measure the role of the territorial dimension on internal regional competitiveness.

Table 2  Static provincial differentials on TOTAL FACTOR PRODUCTIVITY 2009–2011
Total Manufacture Construc-

tion
Retail Info and 

Comm
Real Estate Prof. Sci 

and Tech
MI-
LANO

0.10981*** 0.09262*** 0.02401 0.09657*** 0.12181*** 0.07887** 0.14254***

(att, 
tstat)

14.2464 8.5680 0.9695 6.8301 2.9290 2.0763 6.2385

VARESE 0.01438 0.02794* 0.08638** 0.03161 0.01348 -0.0422 0.02596
1.0720 1.6266 2.0905 1.2226 0.1544 -0.5438 0.5441

COMO 0.0044 -0.0229 − 0.0730* 0.0021 -0.0024 -0.0959 0.02135
0.2662 -1.0493 -1.3055 0.0655 -0.0231 -0.8489 0.3815

SON-
DRIO

− 0.1037*** − 0.0799** -0.0305 -0.0533 − 0.3735** -0.0652 − 0.2804**

-3.5198 -1.7801 -0.5017 -1.0527 -1.8271 -0.6454 -2.2190
BER-
GAMO

-0.0026 0.01412 -0.0306 -0.0087 -0.0003 0.01867 0.00299

-0.2393 0.9430 -0.9869 -0.3925 -0.0061 0.2594 0.0708
BRES-
CIA

− 0.0269*** − 0.0285** -0.0007 − 0.0417** 0.01167 0.16617*** 0.01843

-2.4605 -2.0399 -0.0206 -1.9987 0.1762 2.5575 0.4652
PAVIA -0.0118 -0.0213 -0.0248 -0.0387 0.01214 0.15771 0.00333

-0.5516 -0.7307 -0.4142 -1.0219 0.0994 1.1408 0.0489
CRE-
MONA

− 0.0434** -0.03 − 0.1013* -0.0117 -0.0502 0.04775 − 0.1965***

-1.8891 -0.9467 -1.3204 -0.2879 -0.4138 0.4010 -2.7585
MAN-
TOVA

0.01076 − 0.0426* -0.0008 -0.0204 -0.0466 − 0.3768*** 0.0244

0.5009 -1.6335 -0.0118 -0.4838 -0.3349 -2.3769 0.3726
LECCO -0.022 -0.0218 0.04774 -0.0459 -0.0766 − 0.1738* 0.03661

-1.1354 -0.9331 0.7285 -1.1037 -0.6391 -1.3013 0.4028
LODI 0.0316 -0.0149 0.10144 0.00386 -0.102 -0.0342 0.13115

0.9894 -0.3098 1.2326 0.0656 -0.6557 -0.2086 0.8964
MONZA 0.05218*** 0.03819** 0.04707 0.08640*** 0.08374 -0.0292 -0.0418

3.8856 2.1487 0.9780 3.5145 1.0483 -0.3992 -0.9970
T-stat: *t.90 = 1.29, **t.95 = 1.66, ***t.99 = 2.36
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In this section, the results for each indicator are presented in a specific table reporting 
provincial ATTs, alongside their T-stat, for every industry considered. In the purpose of this 
paper, tables will not be described cell by cell; instead, an effort will be made to describe the 
ability of the model to individuate significant differentials of territorial competitiveness and 
highlight differences and similarities between indicators and settings.

Tables, in addition to results produced with the described two-step matching for each 
industrial sector, also include a column labelled “Total” provided to give additional clarity 
and robustness to the results. The ATTs reported in this column—which are not integral part 
of the described counterfactual strategy—are calculated without the first step of exact sec-
toral matching (otherwise the larger sectors would be predominant) but including the NACE 
variable among the covariates of the propensity score.

Tables 1 and 2, and 3 report the results for the three indicators in a static setting.

Table 3  Static provincial differentials on PROFITABILITY (roa) 2009–2011
Total Manufacture Construction Retail Info and 

Comm
Real 
Estate

Prof. Sci 
and Tech

MI-
LANO

− 0.0077* -0.0015 0.01054 -0.0078 − 0.0283* 0.03548** 0.00235

(att, 
tstat)

-1.5568 -0.1969 0.7183 -0.8598 -1.3433 1.8089 0.1462

VARESE 0.01026 -0.0049 − 0.0731*** 0.02669* 0.00267 0.0275 0.03428
1.1405 -0.4020 -2.8029 1.5478 0.0483 0.7075 0.9572

COMO − 0.0180* -0.009 -0.0053 -0.0106 -0.0082 0.00444 0.00997
-1.5967 -0.5893 -0.1526 -0.5239 -0.1489 0.0948 0.2008

SON-
DRIO

0.01187 -0.0073 0.08818** 0.04494* -0.1316 -0.0153 0.19475***

0.5815 -0.2041 1.9993 1.4674 -0.7120 -0.1759 2.6590
BER-
GAMO

-0.0018 -0.0047 0.03051* -0.0181 0.0249 -0.0116 0.017

-0.2497 -0.4466 1.6495 -1.2298 0.6128 -0.3187 0.5525
BRES-
CIA

− 0.0248*** -0.013 − 0.0272* -0.0072 -0.0009 0.01168 − 0.0693***

-3.4944 -1.2823 -1.3221 -0.5262 -0.0226 0.3471 -2.3656
PAVIA 0.01259 − 0.0346** 0.05428* -0.0192 0.04403 0.00287 0.04294

0.9211 -1.7020 1.6179 -0.7624 0.6285 0.0419 0.8901
CRE-
MONA

0.02012* 0.00471 0.00589 0.02997 -0.0602 0.04164 0.08327*

1.3749 0.2105 0.1208 1.1360 -0.8191 0.5262 1.5858
MAN-
TOVA

0.01141 -0.022 0.00388 -0.0144 -0.0676 0.06552 -0.0281

0.7892 -1.0795 0.0647 -0.5608 -0.7221 1.2409 -0.5110
LECCO 0.00659 0.01496 -0.0267 0.00789 -0.0063 0.03916 − 0.1399**

0.4907 0.8596 -0.6180 0.2879 -0.0913 0.5108 -2.0118
LODI -0.022 -0.0204 -0.0405 -0.0055 − 0.1860** 0.05253 -0.0366

-0.9730 -0.6029 -0.7511 -0.1387 -1.9719 0.4899 -0.4072
MONZA -0.0001 -0.011 -0.0003 0.03114** -0.0355 0.02791 0.00056

-0.0118 -0.8353 -0.0125 1.8918 -0.8411 0.6935 0.0179
T-stat: *t.90 = 1.29, **t.95 = 1.66, ***t.99 = 2.36
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The first noticeable result is that each indicator, in the static setting, is able to individuate 
significant differences due to firms being located in a specific province. Moreover, this holds 
consistently true either when looking at a specific industrial sector alone (with this proposed 
two-step strategy) or if looking at all sectors together (the first column, labelled “Total”).

The results tables are easily read by column or row where significant coefficients (ATTs) 
are indicated with asterisks, a positive and significant coefficient indicates that firms located 
in the specific province operating in one specific industrial sector have higher productiv-
ity or Profitability (depending on the indicator) than similar firms located elsewhere; in 
contrast, a negative and significant coefficient indicates that firms located in the province 
have lower levels of productivity or Profitability than similar firms located in the rest of the 
region.

Table 4  Dynamic provincial differentials on LABOUR PRODUCTIVITY GROWTH (va/empl) 2009–2011 
vs. 2016–2018

Total Manufacture Construc-
tion

Retail Info and 
Comm

Real Estate Prof. Sci 
and Tech

MI-
LANO

− 0.0074** 0.003 0.00552 0.00089 0.00453 0.02231 0.01399*

(att, 
tstat)

-2.0174 0.5645 0.4779 0.1408 0.3500 0.8821 1.3069

VARESE -0.0058 − 0.0114* − 0.0294* − 0.0216** 0.00303 0.03605 0.00724
-1.0070 -1.5034 -1.6016 -1.9552 0.1375 0.6942 0.3623

COMO -0.0082 − 0.0133* 0.01687 -0.0088 0.02666 0.13178** -0.0137
-1.1210 -1.3152 0.8730 -0.6525 0.9663 2.0120 -0.5604

SON-
DRIO

-0.0036 0.01388 -0.0018 0.01561 -0.0261 -0.0095 -0.0135

-0.3208 0.6668 -0.0637 0.8184 -0.5122 -0.0859 -0.3639
BER-
GAMO

0.00988** -0.0014 0.01919* -0.0105 0.00723 − 0.1077*** -0.0062

2.0842 -0.2151 1.5183 -1.1755 0.3918 -2.4649 -0.3471
BRES-
CIA

0.01809*** 0.02247*** -0.0139 0.01167* -0.0015 0.02766 0.01748

3.7463 3.4020 -0.9804 1.3066 -0.0881 0.6607 0.9852
PAVIA − 0.0227*** − 0.0190* 0.0144 − 0.0450*** − 0.1244*** -0.0433 0.06320**

-2.5132 -1.5233 0.6494 -2.6751 -3.7232 -0.4745 2.1245
CRE-
MONA

-0.01 -0.0091 -0.0319 -0.0033 0.01886 -0.087 0.01198

-0.9390 -0.6583 -0.8586 -0.1862 0.5812 -0.9308 0.3615
MAN-
TOVA

-0.0117 -0.0124 -0.0026 0.018 -0.0056 -0.0422 -0.0133

-1.2357 -0.9973 -0.0870 1.0385 -0.1580 -0.4069 -0.3944
LECCO 0.0031 0.01794* -0.0048 -0.007 -0.0043 − 0.0985* -0.0327

0.3368 1.5655 -0.2021 -0.4401 -0.0976 -1.3346 -0.9053
LODI − 0.0336** 0.00165 0.0081 − 0.0382* 0.05406 0.08555 0.02691

-2.3238 0.0713 0.2288 -1.5016 0.9133 0.7793 0.4926
MONZA -0.0026 -0.0057 0.0052 -0.0079 -0.0104 0.01372 -0.013

-0.4424 -0.7053 0.2504 -0.7414 -0.5148 0.2722 -0.5905
T-stat: *t.90 = 1.29, **t.95 = 1.66, ***t.99 = 2.36
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Comparing the results produced using the three indicators produces some similarities but 
also, more interestingly, some differences.

Both Labour Productivity and Total Factor Productivity are indicators of productivity 
and are expected to produce similar and consistent results. While they, indeed, generally 
produce similar results, it is very interesting to note that this is not always the case. While 
Labour Productivity only considers the value added per employee, the computation for the 
TFP also includes the capitalization of firms as an element of productivity. Including the 
capitalization of firms may produce different results depending on the industrial sectors. 
While services are generally more impacted by the levels of capitalization of firms, these 
differences can also be seen in other sectors; for example, both the provinces of Brescia 
and Lecco have a long history of manufacturing vocation, and the indicator of Labour Pro-
ductivity mostly reflects this history; indeed, they both have positive and significant ATTs. 
Looking at Table 2 for TFP, however, these two provinces are presented in a different light. 
Indeed, including the capitalization of firms in the equation, while the rest of the model stays 
the same, the province of Lecco shows no significant differences (in manufacturing) from 
the rest of the region, while the province of Brescia now shows a negative and significant 
coefficient, indicating that firms located there are less productive than similar firms located 
elsewhere.

Table 4 reports the results for the indicator of Profitability. The results presented here 
are expected to be less consistent with the previous two indicators. Indeed, while all three 
indicators are somewhat different, this indicator is more different than the other two. Instead 
of measuring an “input” generating competitiveness, it measures an “output” of being com-
petitive. Indeed, when a firm is or becomes more competitive inside its sector, it generates 
more profits, becoming more profitable.

The differential effects recorded using this indicator (purely in terms of the number of 
significant coefficients) are less than those recorded with the other two indicators; however, 
they are not less relevant. Indeed, this third indicator looks at a different, but still crucial, 
aspect of the concept of competitiveness.

By observing, together, the results produced by the different indicators, it is possible to 
better understand the territorial complexity and differences inside the region. Indeed, beyond 
being able to characterize the strengths and weaknesses of the specific provinces, some 
more generalizable effects can be highlighted. The province of Milan is mostly composed 
of its metropolitan area; on the production side, firms located in the province consistently 
overperform similar firms located elsewhere in every industrial sector. However, Table 3 for 
Profitability shows that for most industries (excluded Information and Communication and 
Real Estate), Milan’s differentials are not significant, indicating that firms located there are 
similarly profitable than firms located elsewhere.

Looking at all results together, they suggest that being located in or near the metropoli-
tan area provides a sensible advantage for firms in terms of productivity and availability 
of assets and territorial capital and that firms located there may not necessarily be more 
profitable, since they are more capitalized than firms elsewhere and need to afford higher 
competition for resources and localization costs.
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4.2  Results for dynamic competitiveness indicators

Moving to the dynamic setting, Tables 4 and 5, and 6 report ATTs—with related T-stats—for 
the three indicators in terms of relative growth. The two-step matching strategy is the same, 
and the only adjustment in the propensity score matching model is the addition, case by 
case, of the initial value of the specific indicator.

The results for the dynamic setting indicate that firms located in some provinces grew 
more, in terms of productivity and Profitability, than similar firms located elsewhere.

It was already highlighted how, inside the workflow, it is possible to observe different 
facets of the concept of competitiveness by using different indicators; here, the interest is 
showing that changing between a static or dynamic setting, albeit with the same indicator, 

Table 5  Dynamic provincial differentials on TOTAL FACTOR PRODUCTIVITY GROWTH 2009–2011 vs. 
2016–2018

Total Manufacture Construction Retail Info 
and 
Comm

Real 
Estate

Prof. Sci 
and Tech

MI-
LANO

0.01105*** 0.01123** 0.03298*** 0.01692*** 0.01814 0.04520** 0.02014**

(att, 
tstat)

3.0334 2.2733 2.6997 2.5529 0.8755 2.3458 1.7286

VARESE − 0.0095* -0.0078 -0.0207 -0.0046 -0.0004 0.01408 -0.008
-1.5997 -1.1348 -0.9802 -0.4052 -0.0076 0.3339 -0.3068

COMO 0.00274 -0.0019 -0.0131 − 0.0255** 0.01293 -0.0452 − 0.0607**
0.3778 -0.2186 -0.5189 -1.7633 0.2746 -0.9629 -1.9341

SON-
DRIO

0.00629 − 0.0203* 0.04187* -0.0061 0.0065 -0.0035 0.0029

0.5463 -1.2983 1.3707 -0.3246 0.0557 -0.0424 0.0510
BER-
GAMO

-0.0012 -0.0042 -0.0061 0.01011 -0.011 0.01424 -0.0135

-0.2632 -0.6971 -0.4070 1.0618 -0.3304 0.4410 -0.6761
BRES-
CIA

0.00014 -0.001 0.02768** -0.0007 -0.0002 -0.0025 0.01908

0.0308 -0.1802 1.7372 -0.0794 -0.0072 -0.0790 1.0220
PAVIA -0.0032 0.01315 -0.0015 0.00832 -0.0477 -0.0177 0.03448

-0.3616 1.1883 -0.0512 0.4662 -0.6980 -0.3426 0.8891
CRE-
MONA

0.01157 0.00174 -0.0105 0.03037* 0.04302 -0.0514 0.04419

1.1496 0.1344 -0.2339 1.5870 0.8358 -0.7591 1.1514
MAN-
TOVA

0.01165* -0.0005 0.05555* 0.01468 0.00998 0.0833 0.00003

1.2649 -0.0532 1.5545 0.8138 0.1843 1.0512 0.0010
LECCO 0.00449 -0.0034 − 0.0363* -0.0152 -0.0157 0.01572 0.00889

0.5278 -0.3703 -1.4244 -0.7786 -0.2437 0.2906 0.2185
LODI -0.0018 0.00656 − 0.0498* 0.03214* 0.03577 − 0.0879** -0.0109

-0.1183 0.3061 -1.4531 1.3494 0.4736 -1.7577 -0.2019
MONZA 0.0074 0.00931 0.00741 -0.0031 0.02251 -0.0516 -0.0072

1.2063 1.2395 0.3190 -0.2599 0.5771 -1.2637 -0.2897
T-stat: *t.90 = 1.29, **t.95 = 1.66, ***t.99 = 2.36
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can also produce interesting nuances. Starting with the two dynamic indicators of produc-
tivity growth (whose results are reported in Tables 4 and 5), it can be noticed that the indi-
cators are still able to identify a fair number of differences between provinces, with both 
positive and negative statistically significant coefficients. The fact that the sheer number 
of significant differentials is lower (compared with the relative indicator in a static setting) 
suggests that the dynamic growth in productivity is partially affected by common trends and 
economic dynamics. It is relevant to note, however, that the smaller number of observations 
available for the dynamic setting (due to an overall higher number of missing information 
in the firms’ database) might also be partially connected to this drop in the number of sig-
nificant differentials individuated.

The most interesting observations these results provide emerge by comparing specific 
cases. The differences in coefficients between static and dynamic settings for the province 
of Milan provide a good example of these observations. In the static setting, firms located in 
the province of Milan easily overperform similar firms located elsewhere; this is expected, 
and—from a competitiveness point of view—this is expected also to happen in the dynamic 
setting. While Table 5 reporting results for firms’ growth in Total Factor Productivity con-
firms the expectation, Table 4 (reporting results for growth in Labour Productivity) instead 
shows a negative significant ATT for the total economy and, going sector by sector, only 

Table 6  Dynamic provincial differentials on PROFITABILITY GROWTH (ROA) 2009–2011 vs. 2016–2018
Total Manufacture Construction Retail Info and 

Comm
Real 
Estate

Prof. 
Sci and 
Tech

MILANO − 0.0037* -0.0044 -0.0041 0.00103 − 0.0155* 0.01705** 0.00233
(att, tstat) -1.4519 -1.1579 -0.6176 0.2520 -1.3701 1.6995 0.3020
VARESE − 0.0082** − 0.0101** -0.0002 0.00045 0.00483 0.01601 0.00554

-1.7518 -1.7479 -0.0206 0.0596 0.1625 0.7685 0.2839
COMO 0.00299 0.00027 0.00204 -0.0016 -0.0108 -0.0086 -0.0014

0.5497 0.0385 0.1359 -0.1784 -0.3445 -0.3396 -0.0576
SONDRIO 0.01918** -0.0104 0.04827*** -0.0053 0.09793** 0.00296 -0.0214

2.0798 -0.7378 2.9143 -0.3964 1.7268 0.0765 -0.6379
BERGAMO 0.00399 0.0015 0.00437 0.00072 0.00954 0.01292 0.00827

1.0916 0.3080 0.5269 0.1092 0.5515 0.7850 0.5829
BRESCIA 0.00435 0.00081 − 0.0194** 0.00041 0.01542 − 0.0213* 0.01537

1.2419 0.1710 -2.1509 0.0699 0.9116 -1.4197 1.1801
PAVIA − 0.0119** − 0.0168** -0.0061 -0.0055 0.03677 0.00683 0.02894

-1.7302 -1.6972 -0.3766 -0.4845 0.7764 0.2189 1.0932
CREMONA 0.00609 -0.0028 -0.0208 -0.0025 0.01515 -0.0459 -0.0231

0.7762 -0.2869 -0.9456 -0.1915 0.4957 -1.0313 -0.9032
MANTOVA 0.00606 − 0.0121* 0.00362 -0.0036 -0.0286 0.04165 -0.002

0.9225 -1.5094 0.1998 -0.3408 -0.7777 0.9584 -0.0866
LECCO − 0.0117** -0.0022 -0.0201 0.00374 0.01397 -0.0263 -0.0109

-1.7952 -0.2685 -1.1519 0.3205 0.3905 -0.8904 -0.4215
LODI -0.0052 − 0.0292* -0.013 0.00767 0.05598 -0.0099 -0.0128

-0.4551 -1.6182 -0.5736 0.4377 0.9421 -0.1927 -0.2638
MONZA − 0.0112*** -0.0024 -0.0047 -0.0068 − 0.0474** 0.04021** 0.00712

-2.4782 -0.4049 -0.3530 -0.9319 -2.0624 1.9304 0.4302
T-stat: *t.90 = 1.29, **t.95 = 1.66, ***t.99 = 2.36
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one significant (and positive) coefficient—the one for scientific and technical professions. 
This is extremely interesting, and what it appears to suggest is that firms located in the 
province of Milan (mostly occupied by its metropolitan area) are more competitive than 
firms located elsewhere, both in static and dynamic terms. However, the results also suggest 
how those firms are growing over time. Indeed, the fact that Milan’s coefficients for Labour 
Productivity are mostly not significant (while they were all significant in the static setting) 
indicates that firms located there do not improve in terms of value added per employee 
more than similar firms located elsewhere. Combining this with the results from Table 5 
(reporting results for the growth in total factor productivity), which are mostly significant 
and all positive, suggests that firms located in Milan compete in their respective markets 
by investing and committing more capital in their production rather than improving their 
employee efficiency. Most likely, this is not due to collective firms’ choices but due to the 
context in which they operate; indeed, static results indicate that firms located there already 
have a higher level of Labour Productivity and, the lack of additional growth in this indica-
tor, is most likely because they have less opportunity to grow in terms of value added per 
employee but are able to remain competitive (and become more competitive over time) by 
committing and investing more capitals.

Table 6 reports the results for the third dynamic indicator, growth in Profitability. As 
already observed in the static setting, the dynamic version of this indicator also records 
a lower number of statistically significant differentials between firms located in different 
provinces compared to the other dynamic indicators. However, it is interesting to observe 
that the two versions (static and dynamic) of this indicator are extremely consistent, con-
trary to what happens with the other two indicators. Many of the significant coefficients 
maintain the same sign, and among those who do not, no one inverts its sign despite some 
losing or gaining in terms of statistical significance.

This correlation between static and dynamic results for the same indicator may sug-
gest either that the Profitability of firms is heavily impacted by common trends or that the 
timeframe selected for the analysis may not be wide enough to show relevant differences in 
dynamic terms.

4.3  Additional robustness tests

After the estimation, additional checks are performed to test the reliability and adaptability 
of the strategy.

It is known that the AIDA dataset has a prominence of large firms over smaller ones, and 
the results were tested by excluding the smaller 10% of firms or the larger 10% of firms. 
While not all coefficients remain exactly the same, most effects remain unchanged, includ-
ing the differences between provinces and the effect of the metropolitan area of Milan7, 
suggesting that the proposed strategy is quite robust in its ability to match firms and measure 
differentials in territorial competitiveness.

Moreover, to test the adaptability of the strategy to a different specification and much 
finer industrial dynamics, the model is run again, including a finer specification of the indus-
trial sector using the 4-Digit NACE code. The results for each group of industries in the 
manufacturing category are reported in Annex C for all indicators. While a finer industrial 
classification in the first step produces a smaller number of observations participating in 

7  Results are available from the authors.
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each propensity score matching, as noticeable from the blank cells in the tables indicating 
an insufficient number of observations to perform a reliable propensity score matching, the 
model is still able to identify multiple differentials in territorial competitiveness. Indeed, 
not only does the strategy appear to be quite adaptable to a different specification, but the 
differentials individuated are – overall – quite robust in sign with the differentials measured 
for the manufacture category in the previous specifications.

The choice of the industry and spatial scales at which to perform the analysis, therefore, 
is not something bounded by the technique but is something that can come, conceptually, 
from the research questions to be investigated and the policy issues to be addressed.

It could be possible to apply the technique at the level of functional regions instead of 
administrative units. For illustrative purposes, this paper chose to use administrative units 
(at the NUTS-3) level because they are usually more relevant to policymakers, but con-
ceptually, it could have been possible to show the example using local labour market areas 
(SSL, sistemi locali del lavoro), which are functional areas built by Istat on commuting 
flows. The drawback would have been the risk of finding a large number of cells for which 
the number of observations is insufficient, since there are only 12 provinces but as many as 
52 SSL in Lombardy.

5  Conclusions

This paper presented a novel methodological approach that exploits data at the firm level 
to assess territorial competitiveness through the use of a two-step matching strategy. This 
methodology has been designed to complement existing indexes of territorial competitive-
ness, for which statistical data do not allow us to go into small territorial units and have to 
be limited to fairly aggregate regional levels (e.g., NUTS-2 in the EU Regional Competi-
tiveness Index).

To illustrate the methodology and the need for going into smaller spatial scales for the 
analysis of territorial competitiveness, the paper analysed the competitiveness of different 
territories inside the same region (at the NUTS-3 level) using the case study of Lombardy, 
a large and competitive European region.

While the main objective of the paper is achieved by validating the proposed model and 
testing its reliability, a number of other interesting results emerge from the analysis con-
ducted on real data for a time span of 10 years after the 2008 crisis.

First, we confirm the assumption that the use of different indicators can lead to different 
rankings of territorial competitiveness. The analysis, in fact, adopts three diffused but dif-
ferent indicators of firm competitiveness, and the results for territories are quite consistent 
but not perfectly so. In fact, if the effect of the large agglomeration represented by the city of 
Milan is almost always present, the results on the competitiveness of the various industries 
in the different provinces are similar but never exactly the same. Moreover, it is interesting 
to notice how one of the indicators may be more adapt than the others to detect difference 
depending on the industrial sector (e.g., it identifies a higher number of significant differen-
tials). These differences are clear in sectors like Manufacturing or Retail—which are highly 
reliant on human workforce—where the highest number of significant differentials if found 
in Labour Productivity; however, indicating a general pattern or correlation between indica-
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tors and industrial sectors would require a wider study and a more in-depth analysis of the 
results from the one that can be provided here.

A much wider difference arises when comparing a static analysis with a dynamic anal-
ysis. In fact, our results show that competitiveness differentials, for the same indicator, 
detected in the static analysis (at a certain point in time) are quite different from those 
detected in the dynamic analysis (growth in time). It is by observing together the results for 
both settings that it is possible to draw an accurate picture of the territorial differences in 
terms of competitiveness inside the region, focusing only on one dimension would produce 
a limited or partial depiction of the situation.

Related to this first result, another important result to consider is that different territories 
(at the NUTS-3 level) within the same region (at the NUTS-2 level) have different levels 
of competitiveness. What makes this result even more compelling is the fact that this varies 
according to the industry, so that two territories with similar levels of aggregate competi-
tiveness are one more competitive than the average in certain industries and the other in 
other industries.

This simple result is indeed very important conceptually because most analyses of 
regional competitiveness take place at the NUTS-2 level but, in this way, hide the significant 
differences existing inside regions. This result is also very important from a policy point of 
view, since most regional development policy strategies are designed at large spatial scales. 
For example, the EU classifies regions at the NUTS-2 level and builds most regional opera-
tional plans at that level.

Measuring interregional territorial competitiveness using firm data poses a series of chal-
lenges, both theorical and practical. The paper was able to tackle many of them, but some 
limitations to this approach remain. It was possible to manage the noise produced by the 
“sorting effect” by restraining the comparison between firms located in the province of 
Milan and firms located elsewhere. Indeed, firms in the province of Milan, which is mostly 
composed of its metropolitan area, are compared to similar firms in the rest of the region to 
generate the provincial ATTs but are then excluded from the matching when generating the 
ATTs for other provinces.

While it is able to overcome the lack of data at a scale smaller than Nuts2, also this 
approach is limited by the availability of data. If there are not enough data at the firm level, 
it will be impossible to go down to the small spatial scale of interest due to the need for rep-
resentativeness. Moreover, firm-level data come from surveys and normally do not involve 
all firms but only a sample. For instance, the database AIDA, which is the main data source 
of the example shown here, does not cover the full population of firms, thus creating a slight 
imbalance towards larger and more established firms.

Another limit, common to all analytical techniques, is that the results obviously depend 
on the choice of industry aggregation to be used, as it was discussed in the methodological 
sections. In this sense, the technique is neutral and the choice of the relevant industries to 
be analysed is something to be decided ex-ante on the basis of data availability and of the 
issues to be analysed.

From a theoretical point of view, there is room for advancement in looking for a way 
to distinguish between the differences in competitiveness due to first and second “nature” 
geography, which is still impossible in this counterfactual approach, which only detects the 
differences without being able to explain them.
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All limitations considered, the approach and results presented in this paper should be 
highly valuable not only from an academic point of view but also from a policy perspective. 
Indeed, the methodology presented here is not intended to replace existing regional com-
petitiveness indicators and indexes already used in both policy design and implementation 
but to integrate those indexes to provide finer spatial analyses so that policymakers could 
have a deeper understanding of the internal territorial differences inside a NUTS-2 region 
and better allocate limited funds and resources more efficiently.

For example, smart specialization strategies involve focusing on vertical priorities that 
address specific emerging industries and sectors to improve the general competitiveness of 
a region, are the workhorse of EU regional innovation and competitiveness policies for the 
2014-20 programming period and have been designed at the NUTS-2 level or are consis-
tent with the eligibility of structural fund support. However, this spatial scale may be large 
enough to hide many specificities. By showing the presence of territorial competitiveness 
differentials inside the same region, different by industry, the paper provides support to the 
idea that smart specialization strategies should take into account processes happening at a 
smaller spatial scale with respect to the current one and that policymakers should therefore 
consider helpful to take into consideration finer territorial specificities in the design of Smart 
Specialization Strategies.
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