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Economic complexity and fertility: insights from a low fertility
country
Niccolò Innocentia , Daniele Vignolib and Luciana Lazzerettic

ABSTRACT
This paper analyzes the relationship between a new indicator of economic context, economic complexity (EC), and fertility
change in Italian provinces between 2006 and 2015. We hypothesize that the level of EC is associated with fertility as it
reflects a territory’s capacity to innovate, grow and create job opportunities. The results illustrate a clear positive
association between EC and fertility change across Italian provinces for the period considered, net of traditional
fertility predictors. Those areas that stand at the frontiers of EC are also more likely to dominate and adapt to the
negative consequences of globalization.
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INTRODUCTION

Over the second half of the 20th century, one of the rela-
tively most straightforward associations identified regard-
ing fertility was the negative effect of economic
development. Since the middle of the last century, much
academic effort has been devoted to the study of this effect,
as well as to searching for the reasons behind this negative
association (Anderson & Kohler, 2015; Caldwell, 1976;
Gaddy, 2021; Galor & Weil, 2000; Lesthaeghe, 1995).
Recently, however, this accepted regularity is straining,
and renewed attention has been paid to the link between
economic development and total fertility (Herzer et al.,
2012; Hofmann & Hohmeyer, 2013). To date, there is
evidence of both a positive and a negative relationship
between economic circumstances and fertility, depending
on the level of a country’s human development and its
positive or negative trend (Myrskyla et al., 2009; Wang
& Sun, 2016). The cross-country correlation between
human development and fertility seems to become positive
for countries with higher levels of human development
(Myrskyla et al., 2009). Similar findings have also been

detected across subnational regions of a growing number
of middle-high-income countries (Fox et al., 2019;
Wood et al., 2017). The increasing speed, dynamics and
volatility of globalization has contributed to altering pre-
viously established relationships (Mills & Blossfeld,
2013). These changes have been occurring in industrial-
ized economies in recent decades, although the advent of
the Great Recession and the new era of uncertainty con-
tributed to a more stagnant fertility development over
the last years (Lesthaeghe, 2020; Vignoli et al., 2020a).

The concept of globalization is multifaceted, encom-
passing economic and technological spheres, as well as
financial, political and social processes – all of which
have wide-ranging effects on society and the global econ-
omy (Gangopadhyay, 2017). The search for different
measures of increasing globalization has been studied (pri-
marily) in the economic and (partly) in the sociological lit-
erature. Regarding the studies in economics, these
typically refer to common macroeconomic measures,
such as foreign direct investment, financial flows, and
international trade in goods and services (Sutcliffe &
Glyn, 2019). Although these measurements provide a
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degree of insight into the increasing international inte-
gration of economic activity, they are too narrow to
employ from a socio-demographic perspective. Giddens’s
(1990, p. 64) definition, ‘world-wide social relations
which link distant localities’, or even Held et al.’s (2000,
p. 16), ‘generating transcontinental or interregional flows
and networks of activity’, refer to complex political, cul-
tural and social exchanges aside from economic activities.
While the consequences of globalization and technological
change on the labour market have received substantial
scholarly interest (Gaston & Nelson, 2004; Potrafke,
2013), few studies have addressed the role of globalization
and technological change on fertility in post-industrial
societies (Bernardi & Nazio, 2005; Mills & Blossfeld,
2013). At best, these studies have operationalized the
negative forces of globalization through unemployment
or the diffusion of jobs with uncertain conditions (Kreyen-
feld et al., 2012; Matysiak et al., 2021; Vignoli et al.,
2020b), disregarding the ongoing industrial change occur-
ring across various countries and regions. Consequently,
we argue here for the need to consider new, more aptly sui-
ted markers of the continuous economic- and labour mar-
ket-related transformations in the realm of fertility
research.

This study relies on a new indicator of economic con-
text and its prospects for future development: economic
complexity (EC). The notion of EC stems from a recent
strand of research, pioneered by Hidalgo and Hausmann
(2009), that promotes a view of economic growth and
development emphasizing the complexity of a country or
region. The level of EC indicates the sophistication of a
country’s (or a region’s) productive structure by combining
information on the area’s diversity in terms of the products
exported and their ubiquity (i.e., how many countries/
regions export that product). The idea is that an area
with higher EC will outperform areas with lower EC in
terms of future economic growth (i.e., gross value added,
employment). Many studies have demonstrated the strong
relationship between EC and several economic and social
conditions. For example, EC increases gross domestic pro-
duct (GDP) (Chávez et al., 2017; Poncet & deWaldemar,
2013), and knowledge and innovation (Balland & Rigby,
2017; Petralia et al., 2017). Furthermore, EC has been
shown to reduce economic and social inequality (Hart-
mann et al., 2017). These studies suggest that the level
of EC represents a marker of several characteristics of an
area, including the inclusiveness of institutions, human
capital and social welfare (Hidalgo, 2015).

We posit – to the best of our knowledge, for the first
time – that different levels of ECmight also affect fertility.
We hypothesize that the EC level is associated with ferti-
lity not only because it embodies several dimensions custo-
marily considered key drivers of fertility change, such as
educational qualifications and the accumulation of
human capital, but also because it helps to withstand, or
resist, the negative adjustments of contemporary econ-
omic- and labour market-related transformations, fuelled
by globalization and technological change. Specifically,
we ask: Does an area’s level of EC affect fertility? We

address this question for Italy, covering the period 2006–
15. Italy typifies a depressed fertility setting which has
been stagnating in recent decades to 1.3–1.4 children per
woman, alongside extraordinary regional differentials in
socioeconomic circumstances and fertility (Vitali & Billari,
2017). The Great Recession (Grusky et al., 2011) strongly
hit the country and sharpened the decrease in fertility
levels, particularly in the regions where unemployment
and persistent poverty were already high (Coppola & Di
Laurea, 2016).

The links between economic context and fertility oper-
ate across multiple social and geographical levels (e.g.,
countries, regions and provinces). These links are often
simultaneously relevant, with neighbouring units display-
ing similar patterns (Klüsener et al., 2013b). The geo-
graphical focus of our analysis is at the smallest
geographical level of investigation offered by the European
Union (EU) classification system for units with compar-
able population size: NUTS-3 (i.e., Italian provinces). In
this study, EC is measured following the methodology
developed by Hidalgo and Hausmann (2009), then refined
by Balland and Rigby (2017), using information on the
diversification of the specializations of Italian provinces,
as well as these specializations’ ubiquity. We measured
the EC index (ECI) using employment data (Chávez
et al., 2017; Mealy et al., 2019), rather than either export
(Hidalgo & Hausmann, 2009) or patents data (Balland &
Rigby, 2017; Petralia et al., 2017). We did so in order to
construct a measure of complexity that better acknowl-
edges the productive structure of the provinces (Gao &
Zhou, 2018).

THEORETICAL BACKGROUND

Globalization and complexity
Since the 1980s, an array of global transformation has
occurred, characterized by the declining centrality of
national borders for economic transactions; the intensifi-
cation of worldwide social relations; tougher tax compe-
tition between countries; and deregulations, privatization
and liberalization of domestic industries and markets
(Barbieri & Bozzon, 2016; Guillén, 2001; Held et al.,
1999; Raab et al., 2008). The gains of globalization,
such as more competitive prices, a wider array of choices
and higher living standards have, however, been
accompanied by negative consequences. These include,
but are not limited to, salary cuts, lost jobs, layoffs, bank-
ruptcies and failing companies (Mills & Blossfeld, 2013).

The original concept of globalization refers to the dif-
fusion of international trade, and has traditionally meant
greater openness in trade as a means to higher, and more
rapid, rates of economic growth. This has impacted the
industrial diversification and specialization of countries
and regions. Furthermore, this implies changes in the
labour market and education policies as a means to deal
with the increased economic complexity of a globalized
world. There have been many attempts to measure globa-
lization, including such composite indices as the Globa-
lIndex (Raab et al., 2008) or the KOF index (Dreher,
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2006), composed of quantitative and qualitative measures.
However, as they were designed at the country level, they
cannot be easily transposed to a fine-grained geographical
level. In any event, there is no consensus on the reliability
of these, and other, measures of globalization (Sutcliffe &
Glyn, 2019).

As a result of globalization, advances in information
and communication technologies, significant decreases in
transportation costs, increased purchasing power, and
the adaptation of the labour market competition in pros-
perous nations has increasingly shifted from price to inno-
vation and design competition, thereby requiring an
increasing amount of specialization (Hartmann, 2014).
This has led to increasingly complex and specialized
organization of production. Moreover, in the last decade,
studies have introduced new and more sophisticated
methods to determine a country’s or a region’s optimal
productive structure for growth or competitiveness. This
debate is often integrated with the notions of diversifica-
tion and variety (Boschma & Frenken, 2009). The idea
that variety and an area’s industrial composition may be
among the most important characteristics in explaining
why some territories grow, while others stagnate or
decline, has been the topic of much academic discussion
(Frenken et al., 2007). While the debate on the role of
diversity, variety and industrial specialization has increased
in recent years (e.g., Boschma & Frenken, 2009; Mameli
et al., 2014), it is not yet clear whether diversification or
specialization is more important in favouring economic
growth (Beaudry & Schiffauerova, 2009; Van Oort,
2015). In this context, increasing attention has been paid
to the interactions among sectors and, thus, to a more
comprehensive understanding of the elements of variety
and specialization that most effectively influence growth.

Hidalgo and Hausmann’s (2009) seminal work, which
used the concepts of diversification and ubiquity, argued
that a country’s capacity to grow and reach a higher level
of development is based on its EC – itself defined by the
diversity and ubiquity of products that a country produces
and exports. Each country develops specializations in
different products based on its historical development
and previous specializations. Countries tend to specialize
in as many products as possible, as this facilitates the
development of skills with which to produce new and
additional products that need more specialized compe-
tences. These new products are less ubiquitous and harder
to copy because few other countries hold the necessary
competencies required to produce these types of ‘compo-
site products’. This is the very notion of complexity –
rarer products produced by areas that hold many specializ-
ations are the most complex products. Similarly, the areas
that produce the rarest (least ubiquitous) products and, in
general, hold a wealth of specializations are classified as
more complex areas. For example, the United States,
China and South Korea are characterized not only by a
large variety of specializations, but also by many rare pro-
ducts. For this reason, they are classified among the most
complex countries. The same holds true for some Euro-
pean countries (irrespective of their dimension or

centrality in global competition), such as Switzerland,
Sweden or Germany (Simoes & Hidalgo, 2017). In con-
trast, several countries from the African continent, such
as Chad, Guinea or Nigeria (to name but a few), are less
specialized and economically complex. Furthermore, cer-
tain countries, such as Libya and Iraq, which can be
characterized by relatively higher levels of GDP, have
not been able to translate their higher income into techno-
logical advancements by diversifying in innovative and
rarer specializations.

In this framework, areas that produce the least ubiqui-
tous products face less competition. Countries that prac-
tice a wide array of specializations are able to create new
complex products by combining the specializations they
already possess. Consequently, each new specialization
can be easily combined with a large number of other
specializations. In recent years, the notion of EC has gath-
ered increasing attention within the literature because it
has proved to be highly predictive of future economic
growth. Since Hidalgo and Hausmann (2009), many
other scholars have followed the framework in different
areas (Balland et al., 2020), applying the concept to pro-
ducts – as in the original work (Hartmann et al., 2017;
Zhu & Li, 2017) – to patents (Balland et al., 2019; Balland
& Rigby, 2017; Petralia et al., 2017) and to industries
(Chávez et al., 2017; Mealy et al., 2019). While the first
studies using the concepts and methodology of EC were
developed at the national level (Felipe et al., 2012; Hidalgo
& Hausmann, 2009), EC research has more recently
addressed smaller geographical units, such as regions
(Chávez et al., 2017; Gao & Zhou, 2018), provinces (Rey-
nolds et al., 2018) or cities (Balland et al., 2020; Balland &
Rigby, 2017). These studies suggest that regions or pro-
vinces may specialize into different activities following
the industrial and technological trajectories driven not
only from their countries’ policies, but also by territorial
specificities (e.g., the availability of raw materials or geo-
graphical characteristics).

Globalization, complexity, and fertility
It is tempting to conclude that global fertility decline is
one of the outcomes of globalization, as the opening of
borders and ever-increasing communication across
societies likely encourage convergence in ideas and behav-
iour. Much has been written about globalization and its
possible effect on our lives and the future of our societies,
but this literature is often imprecise about what globaliza-
tion actually entails. European citizens have begun to per-
ceive globalization as a force that erodes the welfare state,
causes job insecurity, and fosters job mobility and job-hop-
ping, in clear opposition to the labour market dynamics of
the past (e.g., Blossfeld et al., 2005). Volatile global mar-
kets and the recent Great Recession have fuelled the view
that globalization is a multiplier of uncertainty (Mills &
Blossfeld, 2013; Vignoli et al., 2020a). Deteriorating econ-
omic conditions are usually manifested by declining econ-
omic activity, as captured by a decline in GDP, falling
consumer confidence and adverse labour market trends.
The worsening of labour market conditions is reflected
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in stagnating or declining wages, higher incidences and
persistence of unemployment, and a spread of more uncer-
tain employment forms, such as time-limited contracts
and involuntary self-employment. The majority of con-
temporary studies into such economic forces have custo-
marily operationalized the diffusion of unemployment or
uncertain jobs as the main driver of fertility decline
(Comolli, 2017; Matysiak et al., 2021; Vignoli et al.,
2020b).

The decline in fertility has been shown to be associ-
ated with changes in individual socioeconomic con-
ditions, leading to the avoidance of large family sizes
(Lesthaeghe, 2010; 2020). Such a decline, however, has
not occurred either uniformly or simultaneously across
regions and countries (Coale, 2017). Certain studies
have investigated the effect of the diffusion of new habits,
ideas or social norms, explaining how these can modify
individuals’ routines and preferences (Inglehart, 1977;
Van de Kaa, 1987). Others have focused on the connec-
tions between fertility and globalization. Caldwell (2001)
suggested that globalization might influence fertility by
changing a country’s economic structure, thus altering
its social and demographic habits. Linkages between
economic conditions in a country, or region, and commu-
nity characteristics have been discussed across demo-
graphic (Arpino & Tavares, 2013; Bleha & Ďurček,
2017), sociological (Hank, 2002) and economic (Sato,
2007) studies, but past research has found different
effects – mainly depending on the area’s level of develop-
ment and the period analyzed. For medium- or high-
income countries, there has been a discussion over a
reversal in the fertility trend (Gaddy, 2021; Myrskyla
et al., 2009) based on the idea that an area’s socioeco-
nomic development is associated with a decline in fertility
only up to a certain point, after which the association
becomes positive (Day, 2012; Myrskyla et al., 2009).
Yet the question remains: What leads to such a reversal
in the relationship?

Recent empirical analysis – spearheaded by Autor et al.
(2013, 2014, 2016), Dauth et al. (2014) and Bloom et al.
(2016) – has shown how globalization has affected such
individual labour market outcomes as unemployment,
labour-force participation and job vacancies. These
changes occurred rapidly (e.g., due to the spread of auto-
mation and the consequent disappearance of entire job
sectors), meaning that people must be prepared for an
economic environment that increasingly requires flexibility
and lifelong learning. This huge wave of change cannot be
downplayed or ignored when addressing fertility drivers.
We posit that, in post-industrial economies, an area’s
EC level might help people withstand the negative conse-
quences of the dramatic economic- and labour market-
related changes fuelled by globalization and technological
innovation. This, in turn, also favours fertility. The level of
EC may represent a crucial driver of fertility because the
diversification and rarity of products in a certain area
embodies the capacity of a territory to innovate, grow
and create job opportunities. This serves to foster a ferti-
lity-friendly environment.

EC and fertility may also be linked because of two
additional sets of reasons. First, while the notion of EC
was initially used to identify differences and variations in
GDP, employment and innovative capacity (Balland &
Rigby, 2017; Hidalgo & Hausmann, 2009; Poncet & de
Waldemar, 2013), EC has more recently been used to
show connections to a country’s inequality (Hartmann
et al., 2017), its level of human development (Hartmann,
2014), and its absolute level of poverty and social welfare
(Ravallion, 2004). Most particularly at subregional levels,
the industrial structure and levels of diversification and
specialization – all factors reflected by an area’s EC (Hart-
mann, 2014) – are connected not only to a territory’s pro-
ductive structure, but also to other important
socioeconomic characteristics (Becattini, 1990), such as
the level of human capital and ability to ameliorate social
inequality. These socioeconomic characteristics are also
well-known determinants of fertility (cf. Wood et al.,
2017). Second, the linkages between EC and fertility
may also be related to migration patterns (Bahar et al.,
2019). Migration is more likely to occur from less to
more complex regions as these flows are often driven by
employment reasons. After all, migrants are usually rela-
tively young and characterized by higher fertility proneness
(e.g., Kulu, 2005; Sato, 2007).

RESEARCH DESIGN

Dependent variable: total fertility rate (TFR)
This study provides a longitudinal analysis of the associ-
ation between EC and fertility across all 103 Italian pro-
vinces between 2006 and 2015. The TFR was taken
from the Italian National Institute of Statistics. These
data were computed by combining national statistics on
births by the age of the mother and complete data on
female population by age. TFR is customarily defined as
the number of children who would be born to a woman
if she were to live to the end of her childbearing years
and bear children in accordance with the age-specific fer-
tility rates of the specified year. Figure 1 depicts the TFR
trends in the Italian macro-regions during the research
period (2006–15).

We note clear differences between the north and south,
particularly before the advent of the Great Recession. In
fact, the fertility levels for the north and, to a lesser extent,
the centre were increasing, while the south’s fertility level
stagnated.

Economic complexity
We followed the methods proposed by Hidalgo and Haus-
mann (2009), and refined by Balland and Rigby (2017), to
build our EC index (ECI). We used employment data
(Chávez et al., 2017; Mealy et al., 2019) drawn from a
firm-level database (AMADEUS, Bureau Van Dijk)
with industries disaggregated according to the NACE1

industrial classification at the four-digit level of all the ana-
lyzed provinces during the study period.

Using employment data, we first defined the industrial
specializations of the Italian provinces. Following the
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formula of the revealed comparative advantage (RCA), the
province (p) is considered to be specialized in the con-
sidered industry (i) if the i share in the industrial basket
of the p, divided by the share of i in Italian industrial com-
position, is higher than a threshold (tv). Mathematically,
this is rendered as:

RCApi ¼ (Epi/Ep)/(Ei/E) > tv

where E represents the number of employees; i is the four-
digit industry; and p is the province.

Once done, we operationalized the RCA as an adja-
cency matrix (Mpi), where Mpi ¼ 1 if p has a relative
specialization in i, and 0 otherwise.

Conscious of the algebraic problems raised by the use
of Hidalgo and Hausmann’s (2009) original method, the
so-called method of reflections (Caldarelli et al., 2012),
we followed the method refined by Balland and Rigby
(2017) – which is based on the reformulation proposed
by Tacchella et al. (2012) – namely, the second eigenvector
method.

We calculated the complexity of provinces based on
employment data using the product matrix W equal to
the product of matrix Mpi (row standardized) and its
transpose MT (row standardized), a squared matrix of
dimensions 103. The elements along the principal diag-
onal of W represent the average ubiquity of the industrial
classes, in which the row and column province has
RCA. The off-diagonal elements represent the product
of the industrial classes in which province ( j; row) has
RCA and the ubiquity of the industrial classes in which
province (k; column) has RCA. These elements thus cap-
ture the similarity in the industrial structure of province
pairs. The complexity for each province is provided by
the second eigenvector of matrix W.

Figure 2 shows that more diversified provinces are
specialized in less ubiquitous industries. Note that the pro-
vinces characterized by high diversification and low ubi-
quity (lower right on the graph) are predominantly
located in the north of the country, with a handful of pro-
vinces in the centre and south. For instance, Milan has the
highest number of specializations and the lowest value in
terms of average ubiquity of the specialized industries.
Accordingly, this province has, on average, the country’s
rarest industries, and offers the opportunity to hold this

advantage because there are so few other provinces to com-
pete with. In addition, the higher RCA allows the pro-
vince of Milan to combine them with many other related
industries – or possibly even with new entrants – allowing
the province to remain at the frontier.

By contrast, Enna (Sicily) shows the lowest number of
RCAs and the highest level of average ubiquity of these
specializations. Specialization in more ‘common’ indus-
tries forces the province into competition with other
regions, thereby hindering its capacity to grow. At the
same time, the few RCAs owned obstruct the province
from expanding its areas of expertise and reaching rarer
specializations that require several different competences
to be obtained.

These extreme examples suggest that levels of diversi-
fication and ubiquity are intuitively able to express not only
a province’s complexity, but also its capacity for future
growth, ability to attract highly specialized and educated
workers (required by the most complex industries), contri-
bution to job creation, economic affluence, and human
capital accumulation (Hartmann, 2014). These factors
allow a province to face globalization and technological
change, and favour the enhancement of a proactive social
and economic context.

Model specification
To test the impact of EC on fertility change in Italian pro-
vinces, we used panel regression techniques with year and
province as fixed effects. TFR was the dependent variable,
while the key explanatory variable was represented by the
ECI standardized to favour the year-to-year comparison.

To better understand the association between TFR
and ECI, we included additional control variables in the
model equation following a stepwise procedure. The selec-
tion of such control variables relied on past findings, as
well as on data availability and reliability.

A first control variable was the province’s population
density (measured as the population/km2). This variable
is often added to studies analyzing the determinants of
change in fertility as a proxy of the level of urbanization
of an area – fertility has been found to decline with urban-
ization (Sato & Yamamoto, 2005).

Among the ‘standard’ fertility predictors, we con-
sidered a range of labour market measures that indicate

Figure 1. Total fertility rate trends in Italian macro-regions, 2006–15.
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employment instability and the persistence of joblessness.
First, we included the area’s unemployment rate, namely
the variation of the unemployment rate of each province
(e.g., Matysiak et al., 2021). Second, we included the per-
centage of workers with a temporary job over the total
number of workers in each province (e.g., Barbieri et al.,
2015; Vignoli et al., 2012). We also controlled our esti-
mates for the accumulation of human capital per province,
proxied by the percentage of residents with at least a ter-
tiary education qualification (e.g., Caltabiano et al.,
2019). These last two indicators were computed from
the European Labour Force Survey, which is a compara-
tive large-sample survey designed for collecting high-qual-
ity labour market data. Moreover, we included GDP per
capita at constant prices in euros (thousands) in the
model equation – a measure available in Eurostat – so as
to capture the economic development of each province.
The annual rate of GDP growth can be considered as a
proxy of general economic prosperity and economic trends
(e.g., Lacalle-Calderon et al., 2017).

One other possible provincial characteristic that may
influence fertility rates is migration between provinces
(e.g., Kulu, 2005; Sato, 2007). Migration typically occurs
from less to more economically advantaged areas. Higher
flows have been observed for employment reasons, and
migrants are usually relatively young. Therefore, we
added the province-specific net migration rate, taken
from Eurostat data, to the model specification.

Finally, we added two variables (typically neglected
within fertility studies) to control for the typical specializ-
ation of the province, measured as a location quotient
(LQ) (Lazzeretti et al., 2008; Von Hofe & Chen, 2006).
The LQ is built at the one-digit level (dividing the sectors
in industries and services). In the economic literature, it is
well established that industry and service sectors strongly

differ in terms of workers’ social class, as well as their
behaviour and expectations (Johnson, 2015; Paci, 1991).
Several factors associated with fertility are also key features
of industrial districts, such as social norms, the labour mar-
ket and welfare specificities (Becattini, 1979). These
characteristics – particularly relevant for Italy given the
widespread presence of industrial districts across territories
– have been largely discussed in both the sociological and
economic literatures (Cruickshank, 1981; Mingione,
2009; Wrigley, 2006). Hence, it is reasonable to anticipate
that a province’s different industrial specialization might
also affect an area’s fertility.

Additionally, the diffusion of tertiary education and
(women’s) labour force participation, and the increased
concentration of employment in the industrial sector, is
most prevalent in the north of Italy (Caltabiano et al.,
2019). Given this well-known regional divide between
the centre–north and south of Italy, we segmented these
areas to test whether there is a different effect of ECI
level on TFR variations between the north and south.

Table 1 presents the descriptive statistics of the vari-
ables added to the regressions and their correlations.

Mathematically, the estimated model takes the follow-
ing form:

yi t+1 =ai + li + b1 + b2ECIi t + b3Unempi t
+ b4Pop.Densityi t + b5GDPi t

+ b6Hum Capi t + b7Temporary Jobi t

+ b8Migrati t + b9LQ Indi t + b10LQ Seri t

+ ei t

where yi t+1 is the TFR level; ai represents the province
dummies; and li represents the time dummies included
in the model. Additionally, every model includes the

Figure 2. Diversification of provinces and average ubiquity of industries, 2011.
Note: Different symbols refer to Italian macro-regions: triangles the north-west, crosses the north-east, squares the centre and
circles the south.
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variable of interest, ECI, and the control variables were
added following a stepwise procedure.

RESULTS

Figures 3 and 4 are maps of the provincial level of EC in
2006 and 2014, respectively, as well as the TFR level for
the same years. Higher levels of EC are concentrated in
the north of the Italian peninsula. During the studied
period, the EC levels grew in the north and slightly
decreased in the south. A similar pattern can be observed
by viewing the period change in TFR, where we see a con-
centration of higher values in the north (with the excep-
tion of certain Sicilian provinces). This divide seems to
have grown during the considered period. These descrip-
tive results are in line with the literature that shows differ-
ent connotations between the north and south with respect
to several socioeconomic forces (Kertzer et al., 2009; Vitali
& Billari, 2017; Zambon et al., 2020).

As the next step, we estimated the relationship
between the ECI and TFR in a multivariate panel
regression setting. From Table 2, we note a positive associ-
ation between ECI and fertility during the studied period.
The effect of the ECI remains elevated after we controlled
our estimates for the control variables considered.

The first two models aim to address, separately, the
relationship between TFR and ECI (model 1) and unem-
ployment (model 2). They both show significant effects
but, as expected, in opposite directions. While
unemployment and TFR showed a negative association,
corroborating much of the previous research on the topic
(e.g., Matysiak et al., 2021), the association between
ECI and TFR was found to be positive. Crucially, ECI
variation retains a positive and significant effect after
including unemployment in the same specification
(model 3).

In models 4–8, we added controls for population den-
sity in the model equations. The results show a negative
correlation between population density and TFR, despite
the estimates being statistically imprecise.

In model 5, we then added a variable controlling for
the province’s GDP per capita. This variable did not
show significant effects in any model specification. This
result is unsurprising, as the effects of adverse labour mar-
ket trends and deteriorating economic conditions on ferti-
lity are known to not be significantly captured by a fall in
GDP (Sobotka et al., 2011).

In model 6, we added two further controls: the pro-
portion of a province’s more highly educated residents
and the share of precariat. Neither of these variables was
proved to have a significant effect. In models 7 and 8,
we additionally controlled for the province-specific net
migrations rate, which also showed no significant associ-
ation with TFR.

Interestingly, in models 7 and 8, we included the two
variables connected to the provinces’ level of industry
and service specialization. We added these in separate
models as they are highly collinear (Table 1). The results
suggest a positive relationship between the level ofTa
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specialization of provinces in industrial sectors and TFR
(model 7). Fertility seems to be related to the typical
industrial specialization of the area. This emphasizes
the idea that, given globalization and remarkable tech-
nological change, accounting for ‘standard’ variables of
economic uncertainty (e.g., unemployment and share
of temporary jobs) is no longer sufficient for studying
fertility variation.

Models 9–11 show the results for the northern and
central provinces, while models 12–14 present the results
only for those located in the south. The results show inter-
esting differences: the effects of complexity on fertility are
positive for the northern provinces, yet we found no sig-
nificance in any of the three models regarding the south
of Italy. The effect of unemployment is significant and

negative in each of the six models presented. The results
also present clear differences regarding the control vari-
ables. Model 11 (north) shows significant and negative
effects of the presence of highly educated people and the
share of precariat in the province on fertility, while
model 14 (south) shows a significant and negative effect
of population density, and a positive and significant effect
of GDP. These results support recent studies suggesting a
differentiated effect on fertility of various indicators across
Italian provinces, particularly between north and south
(Vitali & Billari, 2017; Zambon et al., 2020). This hetero-
geneity regards – in our case – the sign, significance and
magnitude of the coefficients.

Three final issues deserve attention. First, one may ask
for a test of the ECI’s two components, namely diversity

Figure 3. Economic complexity (EC) level in Italy, 2006 and 2014.

Figure 4. Total fertility rate in Italy, 2006 and 2014.
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Table 2. Estimation results.
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Variables TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15

Economic complexity index 0.0240**

(0.0100)

0.0218**

(0.0101)

0.0218**

(0.0101)

0.0218**

(0.0101)

0.0205**

(0.0102)

0.0202**

(0.0102)

0.0204**

(0.0102)

Unemployment rate −0.00205**
(0.00102)

−0.00176*
(0.00103)

−0.00180*
(0.00103)

−0.00181*
(0.00104)

−0.00174*
(0.00104)

−0.00147
(0.00105)

−0.00167
(0.00105)

Population density −0.000128
(0.000241)

−0.000131
(0.000247)

−0.000154
(0.000248)

−0.000160
(0.000248)

−0.000158
(0.000249)

GDP −0.0000719
(0.00137)

−0.000232
(0.00138)

0.0000322

(0.00140)

−0.000107
(0.00140)

Tertiary education 0.149

(0.125)

0.156*

(0.098)

0.151

(0.129)

Unstable job −0.00943
(0.0916)

−0.00138
(0.0920)

−0.00342
(0.0922)

Net migration −0.00872
(0.0205)

−0.0124
(0.0205)

Specialization industry 0.0628**

(0.0304)

Specialization service −0.0194
(0.0183)

Constant 1.528***

(0.00437)

1.541***

(0.00816)

1.539***

(0.00818)

1.573***

(0.0637)

1.576***

(0.0893)

1.570***

(0.0901)

1.497***

(0.0960)

1.585***

(0.0927)

R2 0.4153 0.4140 0.4174 0.4176 0.4176 0.4186 0.4220 0.4197

No. of cases 927 927 927 927 927 927 927 927

Province FE Yes Yes Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes Yes Yes

(Continued )
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Table 2. Continued.
Model 9: North Model 10: North Model 11: North Model 12: South Model 13: South Model 14: South

Variables TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15 TFR 2006–15

Economic complexity index 0.0433***

(0.0161)

0.0510***

(0.0135)

−0.0114
(0.0164)

−0.0113
(0.0165)

Unemployment rate −0.0130***
(0.00215)

−0.0117***
(0.00213)

−0.00641***
(0.00122)

−0.00519***
(0.00129)

Population density −0.00053
(0.00034)

−0.00128*
(0.000707)

GDP 0.00412

(0.0171)

0.0721***

(0.0273)

Tertiary education −0.447***
(0.155)

−0.126
(0.146)

Unstable job −0.550***
(0.113)

−0.225
(0.139)

Net migration −0.0127
(0.0302)

−0.0436
(0.0461)

Constant 1.421***

(0.0081)

1.415***

(0.0091)

1.525***

(0.0682)

1.352***

(0.0124)

1.384***

(0.0167)

1.401***

(0.0792)

R2 0.0879 0.0781 0.1422 0.096 0.135 0.2494

No. of cases 603 603 603 324 324 324

Province FE Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes

Notes: FE, fixed effects; GDP, gross domestic product; TFR, total fertility rate.
Significant at: *p<0.1, **p<0.05, ***p<0.01. Standard errors are shown in parentheses.
Source: Authors’ elaboration.
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and ubiquity, separately. This point has been widely
debated in the literature (Caldarelli et al., 2012; Hidalgo
& Hausmann, 2009; Tacchella et al., 2012). The vast
majority of researchers suggest that the ECI’s two com-
ponents cannot be used separately to infer the complexity
of a country or region. In fact, the mere ubiquity of special-
izations may be exclusively due to the availability of an
area’s natural resources. Second, to investigate a possible
non-linear relationship between ECI and TFR, we
added the squared term of ECI to the full models for all
provinces first together, and then for those located in the
north and in the south. The results (see Table A1 in
Appendix A in the supplemental data online) do not
suggest a non-linear relation between ECI and fertility.
Finally, we performed a robustness check evaluating the
relation between the year changes in the ECI and
the TFR. Indeed, using the change in TFR may identify
the trend of TFR rather than the co-variation of ECI
and TFR; we expected higher levels of ECI to be associ-
ated with an increase of the change of TFR. Nonetheless,
the results did not show relevant differences compared to
those presented in Table 2 (see also Table A2 online).

CONCLUSIONS

This paper relies on a new economic indicator: economic
complexity (EC). The level of EC indicates the sophisti-
cation of a context’s productive structure by combining
information on the diversity of the area (in terms of pro-
ducts exported) and their ubiquity (how many countries/
regions export that product). We expected the EC level
to be associated with fertility not only because it embodies
several dimensions customarily considered key drivers of
fertility change (e.g., educational qualifications and the
accumulation of human capital), but also because it cap-
tures a territory’s capacity to innovate, grow and create
job opportunities. The results illustrate a clear association
between EC and total fertility across Italian provinces
between 2006 and 2015. Provinces characterized by higher
levels of EC also had higher levels of TFR. The results
stratified by north and south further support these con-
siderations. In those areas with pre-existing high levels
of complexity (the centre–north of Italy), an additional
increase in EC is associated with a rise in TFR. The pro-
vinces at the forefront of EC seem able to effectively adapt
to, and dominate, increasing globalization, and favour fer-
tility. In regions characterized by relatively low levels of
complexity (the south), even an increasing trend of EC
does not suffice to promote fertility. Overall, these results
suggest that an increase in EC is a potent driver of fertility
development, which has not been captured by the standard
economic forces traditionally used in socio-demographic
research.

There are two main sets of reasons that could explain
these results. The first is connected to the meaning of
the EC of an area, which accounts for economic con-
ditions and future opportunities, as well as for an
additional variety of factors, such as decreases in

inequality, higher levels of education, more effective and
generous social welfare, and the inclusiveness of insti-
tutions. The second set of reasons – in our opinion the
most relevant – relate to the growth in globalization of
recent decades, through which increased technological
complexity has changed the dynamics of the labour market
and communications, and has altered the cultural behav-
iour of individuals and their perceptions of uncertainty,
and the precariat (Autor et al., 2014; Gangopadhyay,
2017). This points to the need for a different, more con-
temporary, approach for evaluating the determinants of
fertility. We have shown that provinces with higher EC
levels are also more likely to dominate and adapt to globa-
lization. This is primarily due to their increased capacity
with which to face labour market or technological changes.

Another interesting factor that emerges from the
analysis is the relevance of the province’s typical, specializ-
ation in favouring fertility. This theme has been strongly
downplayed in the existing literature on the regional deter-
minants of fertility (Schleutker, 2014; Vitali & Billari,
2017). While a strong emphasis has been placed on
urban/rural differentials (Kulu, 2013; Sato & Yamamoto,
2005), less attention has been directed to understanding
whether these differentials are related to the level of urban-
ization per se, or more associated with an area’s typical
specialization (agriculture, industry or services). Our
results show that an area’s level of industrial specialization
is positively associated with fertility, while the level of
specialization in service sectors is not.

This study is not free of limitations. First, it was diffi-
cult to evaluate whether the observed fertility change was
mostly driven by the temporary postponement of child-
bearing or by changes in the underlying level (quantum)
of fertility. Second, it is necessary to avoid drawing con-
clusions and interpretations about individual-level behav-
iour based on an extrapolation of our findings. Although
the theoretical section of this article puts forward potential
pathways of association between EC and fertility, the
understanding of the mechanisms operating between
family behaviour and regional characteristics requires a
different research setup, such as micro-level (quasi-) natu-
ral experiments (Klüsener et al., 2013a; Neyer & Anders-
son, 2008). Third, the range of available economic and
labour market indicators is more restricted at a subnational
level, which consequently prevented us from delving dee-
per into different possible links between economic devel-
opment and fertility. Finally, it would be both
interesting and beneficial to study a longer time series.
However, due to data constraints, our analysis had to
focus on the period between 2006 and 2015.

Despite its weaknesses, this article opens up a new out-
look in fertility research. In the aftermath of the Great
Recession, fertility in Italy (as well as elsewhere in Europe;
Vignoli et al., 2020a) registered a new contraction, provid-
ing the literature with an added stimulus to focus on the
role of unemployment and the diffusion of jobs with
uncertain conditions as drivers of fertility change. None-
theless, this study suggests that limiting the analysis to
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traditional measures of the economic and labour context
only provides a partial view: one that highlights only the
negative side of huge technological changes and globaliza-
tion. We suggest that, in industrialized economies such as
Italy, climbing the ladder of industrial complexity can fos-
ter fertility. Indeed, in high-income countries, a more
complex economy is associated with economic opportu-
nity, personal and societal well-being, and lower levels of
economic uncertainty (Hartmann et al., 2017; Hidalgo,
2015). All these factors allow a territory to suitably face
globalization and technological change, and favour the
enhancement of a proactive social and economic context,
thereby leading to an increase in total fertility. In line
with recent findings regarding the Belgian vanguard case
(Wood et al., 2017), we conclude that a positive link
between human development and fertility seems attain-
able. Future research should explore the relationship
between EC and fertility in other countries, characterized
by dissimilar institutional settings and different starting
levels of TFR, as well as varying levels of economic devel-
opment. In addition, achieving a more comprehensive
understanding of the effects of specific industrial specializ-
ations on fertility dynamics appears to be an interesting
avenue for future research.
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