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1. Introduction

Recent geo-economic tensions have heightened concerns about dependence on foreign
technologies and the risk of falling behind in critical sectors. This is exemplified by the
intense global competition in highly technological industries such for semiconductors,
artificial intelligence, electric vehicles, and 5G technologies. The ability to remain
competitive in these knowledge-intensive domains is increasingly regarded as critical for
safeguarding countries’ sovereignty, which was acknowledged, for instance, in the
European Parliaments’ report on European technological sovereignty and digital

infrastructure (European Parliament).

These concerns lie at the intersection of international trade, industrial organisation and
development economic. The processes through which countries and firms develop, and
sustain productive capacities over time, their implication for long-term growth

trajectories in a globalised world have been the subject of considerable scholarly attention.

Traditional trade theories highlight the gains from specialization based on comparative
advantages, typically defined by exogenous factors such as relative productivity
(Ricardian model) or factor endowments (Heckscher-Ohlin model). Endogenous growth
theories contribute by showing how comparative advantages and specialisation may
evolve through innovation, human capital, and knowledge spillovers (Romer, 1986;
Krugman 1987; Lucas, 1988, 1993; Aghion and Howitt, 1992; Grossman and Helpman,
1991; Redding, 1999). This notion of dynamic comparative advantage underscores the
importance of policies that foster knowledge- and technology-intensive activities,
therefore generating positive externalities for the wider economy and sustaining long-

term growth.

It thus becomes crucial to identify which economic activities should be supported. The
literature on economic complexity contributes to this question by developing indices of
economic sophistication, most notably are those based on the implied productivity of
product (PRODY, Hausmann, Hwang and Rodrik, 2007) or on the underlying diversity
and rarity of capabilities they require (PCI, Hidalgo and Hausmann, 2009). In both cases,
these approaches find that the ability to produce complex products correlates strongly

with income and could serve as predictor of future growth.



Since richer countries possess a broader set of capabilities than poorer ones, specialisation
would theoretically predict divergent equilibria. In practice, however developed countries
export both complex and simple products by climbing the quality ladder (Schott, 2004;
Hummels and Klenow, 2005; Schetter, 2024). Nevertheless, as wages rise, so do
opportunity costs, leading to a re-concentration of products around a narrower set of
complex products (Dornbusch et al., 1977; Imbs and Wacziarg, 2003; Cadot et al.,
2011;Van Dam and Frenken, 2022). Moreover, as income increases, the share of exports
accounted for by simple products tends to decline, while that of complex products rises
(Felipe et al., 2012). Understanding the drivers of concentration in simple products,
diversification away from them, and ultimately re-concentration in complex products, is
therefore essential for policymakers seeking to design effective industrial and trade

policies.

This paper contributes by proposing a dynamic hierarchical decomposition, inspired by
Griliches and Regev (1995), to assess how changes in export shares shape the weighted
export complexity over time and across countries. Specifically, it addresses three questions:
(i) what effect primarily drives changes in export complexity from between sector
reallocations or within-sector specialisation? (ii) what is the relative importance of entries
and exits at each level? and (iii) to what extent do these trends vary conditional on

countries’ level of economic complexity?

The results are consistent with the development economics narrative that the least
developed countries must undergo structural shifts between sectors towards complex ones
to change their development path. Furthermore, within-sector specialisation appears to
have opposite effects depending on the level of economic complexity: developed countries
tend to complexify by entering in relatively more complex products and exiting simpler
ones, while less complex economies move in the reverse direction, entering in relatively
simpler products and exiting more complex ones. This reaffirms the idea that the nature
of sectors and products matters for long-term technological trajectories, a dynamic is
further reinforced by a technological cycle whereby changes in PCI increasingly favour
developed economies while disadvantaging less complex ones. Finally, the analysis shows
that complex economies do not only re-concentrate the towards complex products but
also face a barrier to entering simple products explained by an opportunity cost of

diverting resources away from high-value activities.

A subsequent section of the paper examines the role of foreign direct investments (FDI)

as a potential channel for capability acquisition. The product complexity index builds on
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the idea that complex products require a larger and rarer set of local capabilities, thus
explaining persistent differences across countries. The literature on idea transmission and
growth determinants has highlighted the role of FDI (Romer, 1992; Almfraji and Almsafir,
2013; Mahembe and Odhiambo, 2014), and a nascent strand explores its effect on the
acquisitions of capabilities proxied by the economic complexity index (Javorcik, Turco
and Maggioni, 2018; Khan, Khan and Khan, 2020; Antonietti and Franco, 2021) and the
reverse impact of complexity on FDI attraction (Sadeghi, Shahrestani, Kiani and Torabi,
2020). In this work, I test the causal impact of FDI on the share of complex exports using
a shift-share instrumental variable strategy built on (Borusyak, Hull, and Jaravel, 2020).
While weighted export complexity and weighted FDI complexity are correlated, no
significant effect was found between the FDI stock growth and export complexity growth.
This absence of results may be attributed to limited country coverages and a short time

span of the data.

To address these two main inquiries, I use trade data from BACI, complexity indices
from the Observatory of Economic Complexity, FDI data per country and industries from
the OECD, and control variables drawn from both the OECD and the World Bank Group.

The remainder of the paper is organised as follows. Section 2 reviews the selected
literature. Section 3 describes the data. Section 4 explores the structural evolution of
export complexity, highlighting the roles of within-sector specialisation, between-sector
reallocation, their subcomponents (continuity, entries and exits), and PCI changes in
shaping upgrading and downgrading trajectories over time. Section 5 tests the
relationship between FDI and export complexity. Sections 6, eventually, concludes and

discusses policy implications.

2. Selected literature

2.1. International trade, endogenous growth, and dynamic comparative

advantage

In the international trade literature, foundational models like the Ricardian model, the
Hecksher-Ohlin model, or the New Trade Theory models, generally treat goods as
symmetrical or neutral, meaning that there are no dynamic gains differences from
exporting one type over another. In the Ricardian model, trade patterns are driven by
comparative advantage exogenously determined by differences in labour productivity
across countries. Countries gain from trade by exporting goods they are relatively more
efficient at producing and maximize their welfare by importing others. Only the allocation

of labour in sectors with a comparative advantage explains differences of prosperity
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among countries, not the type of products exported. The Hecksher-Ohlin (HO) model
explains trade patterns based on relative factor endowments. Like the Ricardian model,
the goods are not differentiated. Finally, New Trade Theory, which introduce increasing
returns to scale and product differentiation, accounts for intra-industry trade and the
role of the preference for variety by consumers. While allowing firm-level heterogeneity,
productivity differences are modelled as exogenous and randomly assigned, and no
developmental or growth implications are given to the type of products exported. For all
tree models, there is no long-term implication for growth for the nature of goods exported,
the gains from trade emerge from the efficient allocation towards sectors with a
comparative advantage (Ricardian and HO models), the increase in the number of
accessible varieties (Krugman, 1979), or the market share reallocation to more productive
firms (Melitz, 2003).

The exogeneity assumption of technological differences in the above static trade models
contrasts with endogenous growth theories, which seek to explain persistent cross-country
divergence by emphasizing the role of dynamic, self-reinforcing nature of innovation on
productivity. Romer (1986) finds that when profit-maximizing firms invest in R&D,
productivity gains can generate sustained and even rising growth rates making the initial
conditions crucial for long-run growth performance implying that less developed countries
may see persistently lower growth rates. Lucas (1988; 1993) recasts growth as an
accumulation process of human capital, which raises labour’s productivity and, through
externalities, benefits the entire economy. Finally, Aghion and Howitt (1992) developed
a Schumpeterian model of creative destruction in which waves of quality-ladder (vertical)

innovation drive long-term growth.

Following the insights that endogenous innovation can explain sustained growth
differences between countries and the lack of convergence, Grossman and Helpman (1991)
integrate international trade to growth process by explicitly linking long-run-growth to
trade performance. In their book, profit-maximizing firms allocates resources to research
in response to market incentives, which returns are twofold. First, private (direct) returns
take the form of higher profits earned from producing more advance and differentiated
goods. Second, social (indirect) returns emerge from knowledge produced by firms
spreading in the economy, which are productivity-enhancing for other firms and sectors.
The nature of the technology as a nonrival, partially excludable good allows for this
knowledge spillover, in other words, technology can be used by many at the same time,
and firms cannot fully prevent other firms from using it. As a result, investments remain

below the socially optimal level because firms do not internalize the spillovers (positive
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externality) generated by their innovation. At the same time, future private returns from
research decline over time as competing firms adopt the new technology, eroding the

initial innovator’s advantage.

Furthermore, Grossman and Helpman emphasize that innovation is a self-reinforcing
dynamic: countries with a larger stock of resources and knowledge are better positioned
to produce new ideas, which in turn further raise their productivity as long as the private
incentives remain high enough to maintain the process. This dynamic reflects the
importance of prior knowledge and its diversity to shape future innovation performance
by countries (7AEOUI AT powwyh &I Al ETen Qnd3levdAhialO(19D0)
describe this as absorptive capacity. Firms with past investments in R&D find themselves
better at recognizing and assimilating external ideas making them to learn faster and

creates path-dependent innovative performances.

Moreover, when productivity dependents on past cumulative experience, the
specialization becomes dynamic, as notes Krugman (1987), and the pattern can deepen
via learning by doing once a country specialize in a sector as productivity is raised by
the learning effect, further locking the specialization pattern. He argues in particular that
a comparative advantage can be lost via changes in real exchange rates (Dutch diseases)

or possibly gained with an infant industry policy.

Grossman and Helpman (1991) build a model of “dynamic comparative advantage” that
captures this mechanism applied to impact of innovation. They show that whether
investments in R&D shape or reverse comparative advantage in the long run depends on
the extent of knowledge spillovers. They find that in a model where the knowledge
produced flows into a worldwide pool, the ultimate determinant of comparative advantage
and growth remain relative endowments (Chap. 7). However, if technological spillovers
are localized within countries, then innovation can alter the long-run path of
specialization and growth (Chap. 8). In such cases, they argue that a lagging country can
even catch up by implementing a temporary push policy to promote local research to
initiate a self-sustained innovation process through feedback loops. Ultimately, they
acknowledge that the reality lies between the two extremes, meaning that knowledge
spillovers are easier within countries, but not impossible between them, and that both
history and comparative advantage based on relative factors endowments have a role to

play in determining trade patterns and growth outcomes (p. 233).

Building on this framework, Redding (1999) explores whether countries should specialize

in sectors where they currently have a comparative advantage or instead attempt to
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develop a new one. He argues that this question is particularly important for developing
countries which usually specialize in low-technology, and low-growth sectors. The model
used shows that under certain conditions, developing new comparative advantages in
knowledge-intensive industries can yield welfare gains for the home country and the trade

partner.
2.2. Sophistication and complexity index

The idea that comparative advantage can change over time because of innovation and
that cumulative knowledge shape countries’ productivity as led to see exports as not only
reflecting endowments, but also the result of a dynamic process of capability-building.
Questions emerged regarding which sectors and goods were the most revealing in terms
of underlying capabilities presence and rarity and which of them were the most
conductive to learning, spillovers and long-term growth than others. Two widely known
measures of product sophistication have been developed: the PRODY (Hausmann,
Hwang and Rodrik, 2007) and the Product Complexity Index (PCI) (Hidalgo and
Hausmann, 2009).

First, Hausmann, Hwang and Rodrik (2007), in their seminal paper “What you export
matters”, calculate the PRODY index for each good based the per capita income of
countries that export it. The index consists of a weighted average of per capita income
where the weighted are the revealed comparative advantage of countries exporting the
good in question. This method allows to associate each product with a level of
productivity. In other words, if rich countries export a product with an important RCA
compared to poor countries, the associated productivity level, which result in a higher

income, will be bigger than for products exported by poor countries.

Following this measure, the EXPY index of a country is determined by the export
weighted average of the PRODY. Countries with a high EXPY was found to have high
per capita GDP and to be a good predictor of future economic growth. Simply put, for
a country to be richer, it must produce rich countries’ goods (Hausmann, Hwang and
Rodrik, 2007)

Second, in their seminal paper “The building blocks of economic complezity”, Hidalgo and
Hausmann (2009) introduce a new metric that quantifies the complexity of a country’s
economy, which is built based on the view of Adam Smith on the wealth of nations as
originating from the division of labour. Specialization by workers and firms into different

activities brings efficiency gains and thus economic prosperity for all, suggesting that
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economic development is the result of interactions between increasingly numerous and
specialised individuals leading to a greater complexity. The authors note that with
international trade, we should be able to exploit division of labour at the global scale

and ultimately see convergences in per capita GDP.

However, the great divergence in income observed (Pritchett 1997) seem to go against
this narrative. To explain this puzzling information, Hidalgo and Hausmann suggest that
some activities that emerged from the division of labour are not exportable and need to
be locally present to produce certain types of products. These “nontradable capabilities”
can include institutions that insure property rights, create regulations, control corruption,
enforce contracts, or access to physical inputs, capital, labour, skills, technology,
infrastructure and so on. Then, a greater diversity of available capabilities can explain
differences in productivity. Therefore, income differences between countries can be seen
as the result of differences in economic complexity, which is understood as the diversity

of capabilities locally available and their interactions.

To proxy the presence of capabilities locally available, which are difficulty and often only
partially observed, the authors linked countries to the products they competitively
exports. They argue that the tripartite network products-capabilities-countries can be
characterized by a bipartite network products-countries as competitive exports are

revealing of capabilities locally available.

The authors built an adjacency matrix where its elements equal to one if a country has
a comparative advantage (RCA>1) in a product and zero otherwise, thus, linking
countries to products. Initially, they use the “method of reflexion” which iteratively
compute the mean of goods and countries properties, which are initially the ubiquity and
diversity. Eventually, the method finds the ECI and PCI after successively repeating the
iteration. The ECI, then, can be reduced to the simple mean of the products’ PCI the
country is able to export, and inversely, the PCI equal the average ECI of countries that
export the product. It was later shown that both indices could be extracted from the
second largest eigen values of normalized similarity matrices. Both methods are developed
in further detailed in the Annex Al (Hidalgo and Hausmann, 2007; Hausmann et al.,
2013).

The ECI metrics, as for the EXPY, was found to be highly correlated to per capita
income, especially when controlling for natural resources wealth. In addition, deviations
of the per capita income with respect to its predicted value given the ECI is predictive

of future growth (Hidalgo and Hausmann, 2009). Recently, numerous papers have delved
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into the relationship between the economic complexity of a country and variables about
inequality and environment (see Balland et al. 2022), that “co-evolve with a country’s
mix of exported products and with the inclusiveness of its economy” (Hartmann et al.
2017).

2.3. Specialization, net extensive margin, and transfer of knowledge

The contributions of dynamic comparative advantage, the PRODY measure, which
associates a level of productivity to each product, and the PCI, which captures the
number and the rarity of capabilities required for production, are valuable. Together,
they connect exports structure to development potential, framing structural development
as a process by which a country shifts from peripheral, low-technology goods toward
central, high-technology products in the product space, which are more complex and

closer to other complex products (Balland et al., 2022).

However, beyond the objective to produce goods in the centre of the product space,
international trade exerts competitive pressures pushing countries (Ricardian and
Hecksher-Ohlin models) and firms (Melitz, 2003; Bernard, Redding and Schott, 2006) to
specialise respectively in their comparative advantage and their core competencies. Such
processes incentivise poor countries to specialise in simple goods (development trap) and

rich countries to specialise in complex ones.

Yet, a puzzle emerges: despite the predicted specialization of developed countries in
complex goods, they continue to export simple products, leading to the well-known
triangular structure of the country-product export matrix. A possible explanation is
quality upgrading, whereby developed countries preserve their exports in simple products
by producing them at higher quality levels, while complex products have a functional
minimum quality requirement preventing less capable countries from exporting them
(Schetter, 2024). Over time, however, it was shown that developing countries were less
affected by this threshold allowing them to enter in new advanced markets. Empirically,
Schott (2004) highlights first the increasing overlap between the export baskets of China
and developed countries, then shows the price difference within products (interpreted as
a proxy for quality) which is consistent with a within product specialization but reject
factor proportion specialization. Further support comes from Hummels and Klenow (2005)
who find that higher capital to labour ration is associated with higher quantities in
developing countries but not higher prices, whereas in developed countries they raise

prices but not quantities.
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Quality upgrading, however, has limitations in its capacity to allow rich countries to keep
exporting simple products since, as development proceeds, rising wages can offset any
quality improvements. When domestic labour costs make the production of simple
products, even with a better quality, inefficient, developed countries offshore such
activities to lower-wage countries, which mechanism is captured by the product cycle
theory (Vernon, 1966; Grossman and Helpman, 1991). Van Dam and Frenken (2022) finds
that diversification increases only up to a certain point, after which developed countries
start dropping simpler products. This reconcentration produces the diversification “hump”
documented by Imbs and Wacziarg (2003) and Cadot et al. (2011), where the most
advanced economies reduce the range of goods they export. This specialization, induce
by opportunity costs, was shown by Dornbusch et al. (1977) to hold even when countries

could technically and competitively produce all products.

The diversification of exports towards complex products while maintaining simple ones
via quality upgrading until a certain point interacts with another structural tendency,
which is the skewness in export composition with richer (poorer) countries having higher
shares of their exports in complex (simple) products. Empirical work by Felipe et al.
(2012) confirms this tendency by showing that roughly 63% of products have shares
disproportionally concentrated either in rich countries for complex products or in poor
countries for simple ones, with skewness increasing for the simplest and the most complex
products. Recently, Schetter (2019) proposes a structural variant of the ECI and PCI
that replaces the standard similarity matrix with one based on exports shares. Assuming
log-supermodularity between countries and products (more complex (simple) countries
export more of complex (simple) products), this approach captures deep underlying
capabilities that allow countries to be competitive in certain types of products, which

drives comparative advantages.

Understanding how diversification, quality upgrading, re-concentration, and structural
skewed exports shares shape international trade patterns naturally leads to questions
about the policies that can influence their underlying drivers. One category of policy
interventions centres on fostering local innovation and the domestic development of
capabilities. Such measures include public investments in innovation and education,
targeted subsidies to sectors with high complexity potential, support for firms seeking to
move up the complexity ladder and implement infant industry protection policies. A
second category policies focuses on imitation and the absorption of foreign technologies,
such as strategically attracting foreign direct investment, securing access to advanced

technologies through technology transfer clauses in large procurement or investment
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agreements, or investing in foreign language learning to enhance access to global

knowledge networks (Romer, 1992).

This paper focuses on the channel of knowledge transfer facilitated by foreign direct
investment (FDI), defined by Eurostat as a lasting interest of an investors in a company
in another country materialised by the acquisition of 10% or more of the shares, voting
rights or the equivalent (Eurostat). Theoretically, the literature review by Mahembe and
Odhiambo (2014) identifies two main channels through which FDI affects economic
growth: first, technological spillovers that foster the adoption of new technologies, and
second, the transmission of know-how, skills, and enhanced managerial practices. They
further note that the impact of FDI on growth is contingent on local conditions such as
the level of human capital, absorptive capacities and economic, political, social, and
cultural conditions. Moreover, the FDI-growth relationship may be bidirectional, with

GDP growth itself acting as an endogenous variable of FDI.

From an empirical perspective Almfraji and Almsafir (2013) report that most studies
find a positive relationship between FDI and economic growth. They also highlight
several influencing factors such as the level of human capital, the development of the
financial markets, and trade openness tend to have a positive impact on the relationship,
whereas the dependency on foreign investment and large technological gaps negatively
contribute to it. However, the income level of the host country and the quality of political
environment are found to be ambiguous. These observations are consistent with more

recent works by Bénétrix, Pallan and Panizza (2023) and Baiashvili and Gattini (2020)

More specifically, this paper examines the nascent literature on the relationship between
FDI and export complexity. Multinational corporations (MNCs), as major providers of
FDI, transfer knowledge and know-how to their affiliates (Arnold and Javorcik, 2009),
which tend to introduce more new products than domestic competitors (Brambilla, 2009),
paying the discovery costs and thereby benefiting the economy through the social
spillovers. According to Javorcik, Turco and Maggioni (2018), this can be explained by
MNCs having better knowledge on production location suitability. In their study, they
find that the presence of foreign firms in the downstream sector significantly increased
the complexity of products produced by Turkish firms that are more likely to supply
foreign affiliates, as identified by an instrumental regression with two instruments, one
capturing competition from Polland and regional backwardness, and the second

consisting of weighted average of outward FDI stocks of OECD countries in a given
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industry where the weights proxy for the information flows between each Turkish region

and a given source country.

At a more aggregated level, Khan, Khan and Khan (2020) find a long-run bidirectional
and short-run unidirectional causal link between economic complexity and FDI
suggesting that FDI, not only have a direct effect on growth, but also an indirect one
through capability accumulation, using an autoregressive distributed lag (ARDL) model.
Similarly, Antonietti and Franco (2021) test for the causality between higher FDI stock
and greater economic complexity using a panel vector autoregression (PVAR) model and
impulse response function (IRF). They aim to explain why some countries have higher
level of economic complexity than others and through which mechanisms can a country
accumulate capabilities. They argue that attracting FDI facilitates the accumulation and
combination of capabilities as investment is a key channel for the international diffusion
of knowledge. They find that inward FDI stock Granger-causes higher economic
complexity, but the effect is small and limited to countries with a high per capita GDP,
advanced tertiary education systems, a high level of tertiarization and strong financial
development. Moreover, the effect is present only for greenfield FDI in developed

economies, and for knowledge-intensive greenfield investments in developing countries.

Finally, Sadeghi, Shahrestani, Kiani and Torabi (2020) examine the reverse relationship
by testing whether higher economic complexity, as an indicator of national productive
capabilities and knowledge, attracts more FDIs. Applying a dynamic panel data GMM-
system estimator, they find that economic complexity is one of the main determinants in
F'DI inflows.

To summarise, while trade pressures influence specialization and trade patterns, the
endogenous growth theories highlight the possibility to see countries’ comparative
advantages evolve over time emphasizing the role of knowledge and technologies and
leading to the concept of dynamic comparative advantage. Measures of products
complexity like the PRODY and the PCI were then developed to proxy for their implied
productivity and the number and rarity of capabilities locally available to produce them.
Co-existing with trade pressures, developed economies specialize within products by
climbing the quality ladder to keep exporting simple products. However, we saw that
despite this strategy, developed countries re-concentrate the number of products they
export toward complex goods. Furthermore, structural patterns show that the export
share of complex products have a positive relationship with income, while the export

share of simple products is characterised by a negative relationship. Finally, focusing on
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the policies promoting imitation rather than local innovation, the role of the impact of
FDI, both directly and indirectly through increased economic complexity, on growth was
presented, showing positive results and a bidirectional property between FDI and

complexity.
3. Data description

The product classification used is the Harmonized System Revision 1996 (HS96). Data
for the Product Complexity Index (PCI) at the six-digit HS level come from the
Observatory of Economic Complexity (OEC), which provides complexity measures for
3,276 products between 1998 and 2023, representing the longest available time span.
Measures of the Economic Complexity Indec (ECI) are also sourced from the OEC and

computed using HS6 products-level over the same time period.

Export data by country to rest of the world for the sample period and using the HS96
classification are taken from the BACI database maintained by CEPIIL. Only exports with
a corresponding PCI are kept for the analysis. Additionally, population and the per capita
GDP based on Purchasing Power Parity (PPP) in constant 2017 US international dollars
data come from the CHELEM database (CEPII).

Since structural transformation is a long-term process, years are grouped into three-years
periods, and values are transformed using the simple mean within these periods. Such
aggregation is also useful to avoid noises due to yearly shocks. The PCI, per capita GDP
and population observations are averaged based on available data, whereas export values
are averaged including zeroes ensuring that if a country starts or stops exporting a
product within the three-years period, the change is taken into account. This approach

interprets and assumes that unobserved data are non-exported products.

To reduce the influence of outliers and ensure comparability, the sample consists of 124
countries'. They have in common a population on average greater than one million during
the initial period 1998-2000 and export for more than one billion US dollars over three-
years periods and arbitrarily let countries with less for maximum two periods. Excluding
countries below these thresholds helps to prevent cases with high volatility due to small
countries exporting a limited set of products potentially inflating some metrics.
Furthermore, re-exporting activities, for which countries with small export values, could

bias the results.
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Finally, for computational tractability and proper filtering, a product is considered
“exported” by a country in a specific year if: the average export value exceeds $50,000
(Evenett and Venables, 2002), and the Revealed Comparative Advantage (RCA) for a
product is greater than 0.5 (Schetter, 2024), where:

T
: (1)

YO O

Here, @ is the export value of product p by country ¢, @ is the total exports of country
¢, @ is thet total export of product p in the world, and @ I the total world export
(Balassa, 1965). The RCA is computed including zero export values, and the product is
removed if the mean RCA over the three-year period is less than or equal to 0,5. In this
paper, in addition to the reasons cited before, the threshold of 0.5 for the RCA is chosen
to allow the decomposition to track transitions and changes before a product becomes

competitively exported.

For the causal analysis between FDI and export complexity, the data on FDI stocks
disaggregated by sectors of destination are obtained from the OECD. A heatmap of data
availability is provided in the Annex A8. To estimate the regressions, several control
variables are included. The data on institutional quality comes from the Worldwide
Governance Indicators (World Bank Group). The variable is constructed as the simple
average of the six available dimensions, all expressed on a 0-100 scale: voice and
accountability, political stability and absence of violence/terrorism, government
effectiveness, regulatory quality, rule of law, and control of corruption. Additional controls
are also drawn from the World Bank Group: gross capital formation (% of GDP) and the
share of individuals using the internet (from the ICT indicators database), serving as
proxy for capital accumulation and development of information and communication
technologies. Finally, data on the share of the population with tertiary education,

obtained from the OECD, are used as a proxy for human capital accumulation.
4. Weighted Export Complexity (WEC)

Being able to competitively export more complex products is recognised as a source of
wealth and long-term prosperity for a country. The ECI literature captures this idea by
focusing on the diversity of products exported and their ubiquity. After computing the
ECI and the PCI, it has been highlighted that the complexity measure for a country’s
economy could be reduced to the simple mean of the PCI of its competitive exports. This
approach has been successful at mapping the availability of non-tradable capabilities and

has led to several important insights into the relationship between economic complexity
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and development. Implicitly, this method weights each product equivalently in

determining a complexity measure for countries.

However, this method implicitly assigns equal weights to all products, even though the
economic importance of some products or sectors may greatly vary. In practice, total
export values are unevenly distributed, and a small number of products often dominates.
While the ECI framework may better reflect the productive capacities locally available,
the role of export concentration in relatively more or less complex categories may also

influence economic outcomes.

Indeed, countries often pay closer attention to their dominant export sectors given their
exposure and dependence. For example, a country that exports both socks and computers
should rightly be considered as more complex than a country only able to export socks.
Yet, a country whose exports’ value is split 50% from socks and 50% from computers
may arguably be seen as in a weaker position than a country with 70% of exports in
computers and 30% in socks. The dependence level on high-complexity sectors, and not
just their presence, may bring greater benefits in term of knowledge specialization by
creating specific clusters, influence industrial policy priorities, and impact long-term

growth trajectories by feeding a positive feedback loop.

This reason, as well as the objective to see where countries see their exports’ complexity
change in terms of export value, motivates the use of a weighted complexity measure for
countries calculated as an export weighted average of the PCI. This approach aligns with
Hausmann, Hwang, and Rodrik (2007), who propose to compute the EXPY indicator for
countries via an export weighted average of the PRODY. This methodology makes it
possible it possible to capture the structure of specialization more accurately, consistent
with the motivations of Schetter (2019), who refines the method of Hausmann et al.
(2013) by accounting for structural differences in the relative dominance of goods in the

export basket.
In this section, I address the following questions:

(1) Is export reallocation between sectors more important than within-sector
specialization in explaining changes in export complexity, and what is the role

played by product entries and exits 7

(2) Do such reallocations depend on the productive capacities already present in

a country 7
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(3) To what extent does the persistence of product entries vary with the distance

between a product’s PCI and the country’s WEC ?

To address these questions, three perspectives are adopted. First, the analysis examines
how much each effect account for changes in export complexity across periods. Second, a
long-term perspective is taken by comparing trade data from a base period with
subsequent ones, in order to assess how each effect influences the trends of export
complexity over time. Third, the persistence of entries is analysed by mapping the share

of new products that remain exported conditional on their distance from the WEC.

The remainder of this section is structured as follows: First, a Weighted Export
Complexity (WEC) index is computed, and a hierarchical decomposition of changes in
this measure is developed across HS2, HS4 and HS6 levels of product classification. Next
the results are presented and analysed. Thereafter, the persistence of product entries is

assessed. Finally, findings are discussed.
4.1. Methodology

To construct a structural measure of economic complexity that highlights countries’
relative economic and technological strength, I use trade data at the HS6 level combined
with corresponding PCI to compute a Weighted Export Complexity (WEC) index as a

weighted average across all products n exported by country c at period t:
w08 B ir; 060 (2)

where, i j5 denotes the share of product 7 in the total exports of country ¢ at time t.
This formulation provides a straightforward way to account for deep underlying
capabilities that shape structural differences, specialization paths and trade patterns. It

is relatively practical since it permits decomposition and easily interpretable.

Building on this measure, I propose a decomposition inspired by Griliches and Regev
(1995) (GR) who investigated whether changes in average productivity stemmed from
within-firm dynamics, from the reallocation of resources between them, or from the net
extensive changes (Melitz and Polanec, 2015). Analogously, changes in WEC can be
decomposed into a within and between components, however, each of these, int turn, can
be further separated into three effects: reallocation among surviving exports (at the sector
or product level), the entry of new products (or sectors), and the exit of products (or
sectors). This is made possible because sectoral complexity is itself computed as a

weighted average of the complexity of its constituents. Conceptually, this would
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correspond in the GR framework to having data, not only at the firm level, but also on

the range of products and activities undertaken within firms.

Formally, the weighted measure of complexity, can be expressed hierarchically as:
©wO0& BipzB, (B, ifp 0O6FO (3)

where sectors at the HS2 level are indexed by k, industries at the HS4 level by j, and
products at the HS6 level by i. Each country c is present in n sectors, m industries per
sectors, and [ products per industries. This decomposition makes it possible to compute
the average complexity of each HS4 industry as the sum of the product level shares
multiplied by their PCI, where the shares are defined as the export value of product i
divided by the total export value of industry j. Similarly, the average export complexity
of each sector k£ can be estimated as a weighted sum of the complexity of the HS4
industries it contains. Finally, the WEC of country ¢ at time ¢ can be estimated as the
weighted sum of its sectors’ complexity levels. It follows directly that both the simple
weighted average (equation 2) and the hierarchical decomposition (equation 3) yield

equivalent results.

Applying the GR decomposition first to products at the HS6 level for illustration, we

obtain:
YH'0O6 B Yi 00 0m0d6 B YD) 6 Oi
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Where Y6 06 is the difference in WEC between two time periods for country ¢. The set

denotes new products exported at time ¢ but not at ¢-1, while™ is the set of products
dropped exported at t-1, but not at ¢. Using midpoint values, the equation fully catches
the change in export complexity and do not favour a period over another one. On the
right-hand side lies first a between effect capturing the reallocation for export shares
among products weighted by the difference between each product’s complexity and the
country’s WEC, both meaned over the two periods (midpoint). This term is positive
when exports shift towards relatively more complex products and negative when they
shift towards simpler ones. The second element is the within effect and reflects changes
in PCI scores, weighted by the average export shares. Since the PCI depends on the

number and diversity of countries exporting a product, this effect is positive when the
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products exported become more complex over time, and negative when they become less
complex. Finally, there is the net extensive effect that includes the entry and exit margins.
The entry effect is positive when new products are more complex than the country’
average basket and negative otherwise. While the exit effect will be positive (negative)

when relatively simpler (more complex) products disappear.

Because parent groupings are defined as a weighted average of the complexity of its
subcomponents, the decomposition can be extended hierarchically. At the HS2 level, the

change in WEC can be expressed as:
Yo'06 B Vi w6 w06 B Yoo i Be i wop wOO
B. inr Wor  ®OH (5)

Then, the change in the weighted complexity at the HS2 level (Y& 6 ), which is the

within effect, can be further decomposed as previously at the HS4 level:

()
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Similarly, changes in weighted complexity within HS4 level (Y06 ) can again be
decompose at the product-level:
Yoo B, Vi w6 w6 B,. Yob i B,,. ifg w65

wo B,. .« I5 WO w0 (7)

Replacing equation (6) and (7) in the equation (5), we obtain the full decomposition of
changes in WEC across HS4, HS4, and HS6 levels:

YO0o
B Vi w6 w06 B, iy wWdép w00 B, ipj wo p w00
B i B, Vi ©d wé B, i wép w6 B, . if WO wo
_ _ B,. Vi wo6 wo B,y YOO T
Bi B. 1T _- , e e o , (8)
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At each level, the complexity indices at the HS2, HS4 and HS6 are centred respectively
at the country (®00), HS2 (w6 ) and HS4 (wd) levels to represent the relative
deviations from the complexity of the parent category. Then, for each level, reallocation

captures shift between continuously exported elements within the same level, entries and
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exits measure the impact of new and dropped products, industries and sectors, while the

PCI changes over time can be reduced to the product level (HS6).

This last effect reflects how difficult products become to be exported competitively. For
instance, if a product that was previously complex becomes easier to produce because its
required capabilities spread across a larger number of countries, then the relative rarity
decreases and its PCI falls. Conversely, a product may become more difficult to export
competitively if competitive pressures intensify from countries with more, rarer or with
a more innovative combinations of capabilities (developed countries), improving
productivity and the desirability of their varieties, thus, driving out countries with less

capabilities.

Such a relativistic definition of complexity is consistent with the idea that the
technological frontier is constantly shifting and may even be accelerating (Moore’s law).
A striking example is the textile industrialisation of the United Kingdoms, which was a
significant technological advantage associated to rare capabilities. Today, however, textile
production has relocated from developed countries to developing ones in search of cheaper

labour, and the industry is no longer associated with highly desirable capabilities.

Therefore, this hierarchical decomposition makes it possible to identify whether changes
in export complexity are driven primarily by structural changes across sectors (HS2),

reallocations within industries (HS4), or specialisations at the product level (HS6).

Finally, note that the classification of a product entry can be assigned at different levels
depending on the pre-existence of the parent category. If a new product is the first within
a HS4 industry inside an already existing HS2 sector, it is recorded as an entry at the
HS4 level. Likewise, if the sector were not pre-existent, the entry is counted at the HS2

level. This ensures that the centring terms are always a two-period average.
4.2. Results description

Map 1 presents the WEC scores of selected countries (except for Serbia) during the base
period 1998-2000. The legend divides equally countries into four groups. High WEC
countries are mostly situated in Europe and North America. Three countries in East Asia
also rank in the top quartile (Q4): Japan, Korea and Taiwan, while in Oceania, Africa
and South America, only one country in each region appears in the top group, namely
New Zealand, South Africa and Paraguay. Several emerging economies such as China,
Brazil, and Turkey display relatively lower level of WEC falling into the third quartile.

By contrast, countries whose exports are dominated by natural resources such as
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petroleum, gas and ores exhibit the lowest WEC values, reflecting both the low

complexity of these goods and their large shares in total exports.

Then, map 2 illustrates the change in WEC between the base period and 2022-2024.
South-East Asian countries stand out as those that complexified their exports the most,
with Vietnam, China, Taiwan, and Thailand, all increasing their industrial capacities
over time. Easten FEurope also saw positive changes in their WEC through
industrialisation and integration to the European Union during the period under study.
We can further see that the largest reductions in weighted export complexity are observed
in resource-rich countries like Canada, the United States of America, several South
American and African countries, Australia, and Mongolia. This pattern suggests that
over the period examined, these economies disproportionately expanded their exports of

simple products, likely natural resources.



Map 1: Measure of Weighted Export Complexity for the period 1998-2000

Note: Non-NA observations correspond to the results for selected countries presented in the Annex A.2 at the exception of Serbia, for which data are missing. _



