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Abstract: Standard trade theory suggests that the profile of exporting firms is characterized by large
firms which dominate domestic productivity distribution. Large manufacturing multinationals have
increased their productivity by participating, creating and shaping global production networks.
In recent decades, trade flows have become increasingly dominated by trade-in-tasks within global
production networks. Given the importance of pro-competitive effects in establishing the gains
from trade following trade liberalizations, it is important to look at the link between participation in
global value chains and a firm’s competitiveness. The paper does so by using the International Trade
Centre’s competitiveness index, for small, medium-sized and large firms, coupled with global value
chain participation measures extracted from multi-regional input-output tables, and together forming
a panel dataset at country and firm category level. The main finding establishes that the gains from
integration into value chains are greater for small firms than for large firms. In particular, at the
sample median, an increase of participation by 2.5% reduces the competitiveness gap between small
and large firms by 1.25%. In addition, the analysis suggests that it is the use of foreign inputs that
drives the result. In contrast, the domestic value in intermediate goods matters only in cases where
value chains respond to domestic demand needs. The identification strategy relies on a fractional
probit model allowing for unobserved effects, and a causal framework using the depth of trade
agreements as instrument, in order to mitigate potential reverse causality.

Keywords: heterogeneous firms; small firms; competitiveness; global value chains; economic
integration; trade agreements

JEL Classification: F14; L25

1. Introduction

Trade theory is explicit on the anatomy of exporting firms. The typical exporter is
large and dominates the productivity distribution of domestic firms (Eaton et al. 2011).
Opening up to trade entails a reorganization of domestic firms, where the most productive
ones expand and less productive ones recess (Melitz 2003). Thus, the impact of trade
liberalization on firms is heterogeneous and part of the gains from trade revolve around
pro-competitive effects. The result is the paradigm behind the contemporary theory of
trade in goods.

In recent years, economic integration has been less about tariff cuts and more about
facilitating international shared production. The split of production across borders allows
firms to leverage their comparative advantage in a specific task. Instead of building final
goods from scratch, they integrate into one stage of the production process. The benefits
from specialization are clear-cut—the production capabilities of factories are not confined
to one geographical location and can “unbundle”. Therefore, trade flows are less and less
about final goods and more about trade-in-tasks (Baldwin and Lopez-Gonzalez 2015).
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Exporting firms engaging in trade-in-tasks are commonly viewed to be part of global
value chains (GVCs). The benefits for these firms are not as clear-cut as the ones from
trade-in-goods, although they both revolve around productivity gains. GVCs offer the
possibility to share production processes with global lead firms, which in turn share knowl-
edge, capital, managerial practices and technical assistance with local firms. However,
the discussion on the challenges and benefits of participating in GVCs for small and
medium-sized enterprises (SMEs) lacks empirical support that goes beyond case studies
and anecdotal evidence.

The goal of this paper is to test the impact of GVC participation on the competitiveness
of firms. The analysis distinguishes the impact according to firm size classes in a panel of
developing countries. We use the competitiveness score capturing firm-level capabilities,
as in Falciola et al. (2020). We measure two types of value chain integration. First, we
analyze backward linkages, which are related to the foreign content of exports. Second,
we focus on forward linkages, which are measured through the domestic value added in
intermediate goods. Based on the literature summarized below we expect a positive impact
of GVC integration on competitiveness.

Hypothetically, integrating into value chains may help domestic firms to become more
competitive in a dual fashion. On the one hand, backward linkages allow firms to access
intermediate inputs that may be unavailable in their domestic markets or that were too
costly to produce in-house. Firm-level evidence demonstrates a significant positive impact
of import of intermediate inputs and capital goods on firm total factor productivity and
innovation, with a 1% increase in the share of imported intermediate inputs raising a firm’s
productivity by 0.3%, and a 1% increase in capital goods imports increasing it by 0.2%
(Stone and Shepherd 2011). Moreover, Bas and Strauss-Kahn (2014) use French firm-level
import data to show that an increase in imported inputs also results in an increase of export
scope that can be attributed to enhanced productivity (indirect productivity channel) and
low prices of inputs that boost export revenue (direct cost channel).

On the other hand, forward linkages characterize firms that integrate into international
production networks as providers of highly specialized intermediate goods used by firms
abroad. For example, Amendolagine et al. (2019) find that more GVC participation is
associated with a higher share of inputs sourced locally by foreign investors. The results
are based on country-sector level measures of GVC involvement matched with firm-level
information from 19 Sub-Saharan African countries and Vietnam. Similarly, Gereffi et al.
(2019) observe that GVC participation drove market diversification for medical service
sector firms in Costa Rica.

In addition to easier access to inputs, know-how, capital and technology, smaller firms
can benefit from reduced costs of entry and economies of scale offered by value chains, as
shown by Giovannetti et al. (2015) for a sample of Italian firms. Thus, owing to lower entry
costs, the most frequent type of SME internationalization is supplying to GVCs rather than
exporting directly (Cusolito et al. 2016; World Trade Organization 2016).

Whether GVCs stimulate upgrading and innovation depends on the characteris-
tics of suppliers—including technological capabilities, especially in the case of least de-
veloped countries, as shown in Morrison et al. (2008), the governance of value chains
(Gibbon et al. 2008; Ponte and Sturgeon 2014), and ownership characteristics (Morris and
Staritz 2014). More specifically, in quasi-hierarchical value chains, lead firms impose
standards that enhance product and process upgrading but not functional upgrading
(Giuliani et al. 2005; Ponte and Ewert 2009). Ponte (2009) also shows that lead firms drive
value chains where industrial and market conventions are dominant. More intense buyer
involvement with local suppliers is associated with higher supplier productivity, as shown
by Pietrobelli and Saliola (2008) for firms in Thailand, and by Wynarczyk and Watson
(2005) for SMEs in the United Kingdom. Javorcik and Spatareanu (2009) find evidence that
suppliers learn from their relationship with lead firms, controlling for the selection of high
productivity firms to supply to multinationals.
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The closest contribution to our research is Montalbano et al. (2018) who, using a
dataset of firms located in Latin American and the Caribbean countries, established that
firms characterized by international linkages are more productive than those that are not,
and that the firms that internationalize through GVC integration are even more productive
than those exporting outside value chains. While Montalbano et al. (2018) primarily
focus on the heterogeneity among firms by country and industry, and the impact of both
participation in GVCs and position within GVCs, our paper is specifically dedicated to
SMEs, i.e., the paper explores heterogeneity by firm size. Furthermore, we cover a broader
range of countries, including developing countries in all geographic regions. The paucity
of industry level data has limited us to country-level analyses, although differences across
industries are expected.

The results are corroborated by a number of single country studies. For example, in
the case of Estonia, Banh et al. (2020) find that GVCs contribute to increased productivity
and long-term growth. Like our paper, they analyze separately backward and forward
linkages and find that small firms benefit more from backward linkages. In the case of
Thailand, Korwatanasakul and Paweenawat (2020) find that both backward and forward
participation is positively associated with firms’ performance, and that being an SME is
associated with a lower degree of GVC participation, that nonetheless leads to increased
revenues. Our paper has wider geographic scope as its results extend to a wide range of
developing countries.

The empirical analysis of this paper finds that the overall measure of GVC integration
is positively correlated with SME competitiveness, but the results are more nuanced when
backward and forward linkages are analyzed separately and in detail. To calculate the
overall effect of GVC integration, we combine backward and forward linkages as in
Taglioni and Winkler (2016) and evaluate the median impact on the competitiveness gap.
(The competitiveness gap is the difference between the average competitiveness score
of large firms and the average competitiveness score of small firms in a given country
and year.) We find that increasing GVC participation, at the median, by 2.5% reduces the
competitiveness gap, at the median, by 1.25%. The main channel is backward integration.
Backward linkages (measured by foreign content of exports) help small firms become more
productive and reduce the gap with the productivity level of larger firms. According to our
analysis, increasing the foreign content of exports by 10 basis points leads to a reduction of
the gap by 2 basis points. In contrast, forward GVC integration, measured as intermediates
re-exported, is not correlated with a reduction of the competitiveness gap. Forward GVC
integration appears to be relevant only when the value chain responds to the demand in
the home country. This is the case captured by the variable “Domestic value added that
returns home”, measuring exports that are sent abroad for processing and returned to the
domestic market for final consumption. This finding is corroborated by Lopez Gonzalez
(2017) who show that SMEs in ASEAN economies have a lower share of foreign value
added in their exports than larger companies. Similarly, Banh et al. (2020) finds that, in the
case of Estonia, large firm benefit more from forward integration into GVCs.

The analysis is important for at least four reasons. First, GVCs are playing a decisive
role in SMEs’ internationalization intentions. As shown in a study of Asian SMEs (Asian
Development Bank Institute and Asian Development Bank 2015), 50% of the surveyed
SMEs that are already engaged in GVCs consider scaling up their operation through
more GVC integration, while 42% of the SMEs that do not participate in GVCs intent to
participate in the future.

Second, since the early days in GVC research, there has been a debate between the
labor market outcomes of participating in GVCs, offshoring and outsourcing activities. On
a theoretical basis (Grossman and Rossi-Hansberg 2008), the effects on employment will be
positive as long as there are substantial productivity gains. As SMEs account for the lion’s
share of the world’s labor force, this paper makes a valuable contribution by looking at the
gains of GVC participation in terms of firm performance.



Economies 2021, 9, 12 4 of 25

Third, as trade flows are reshaped into more and more parts and components, we can
expect its impact to be disruptive. In the context of inclusive growth, SMEs play the lead
role. Therefore, it is essential to understand the gains for SMEs in areas other than simple
productivity. To that effect, we focus on a measure of competitiveness which goes beyond
productivity by looking at firm performance in relation to the global environment. This ap-
proach is similar to Brancati et al. (2018) who studied firm-level drivers of competitiveness
in a single country (Italy) but with an advantage of having firm-level measures of GVC
integration at their disposal.

Finally, the paper indirectly contributes to the debate on the resilience of GVCs to
external shocks and subsequently the desirability of the fragmentation of production, or,
in other words, the costs and benefits of nearshoring and onshoring. This debate is not
new but has risen in importance as a result of the COVID-19 pandemic. On the one hand,
the proponents of nearshoring can cite a number of studies showing that GVCs transmit
the negative effects of shocks. For example, according to Ramelli and Wagner (2020),
international firms, especially those with strong production links to Chinese firms, saw
their stock prices decrease relative to less exposed firms, when lockdowns started in China.
Baldwin and Freeman (2020) show how COVID-19 led to economic contagion, i.e., at the
onset of the pandemic firms in Germany suffered from a supply shock when factories in
China were in shutdown, but several months later re-opened Chinese factories experienced
a demand shock because this coincided with the lockdown in Germany.

On the other hand, a rapidly growing stream of literature points to the benefits of
GVCs during the 2020 pandemic and suggests that the current organization of production
is economically optimal (Baldwin and Tomiura 2020). One argument for GVCs is the diver-
sification of risks as shocks can more easily propagate through production networks where
many firms rely on a small, common set of suppliers (Acemoglu et al. 2012), or where pro-
duction is concentrated in a single country thus increasing the risks of environmental shock
(Stellinger et al. 2020). Bonadio et al. (2020) calibrate a model with global consumption and
production linkages and show that the largest economic shock during the COVID-19 crisis
was caused by domestic lockdowns rather than foreign containment measures, suggesting
that hedging risks requires a globally diversified production. Our paper is based on the
period prior to the pandemic and does not test directly any hypothesis on the impact of
COVID-19. Yet, indirectly, it supports the pro-GVC conclusions by identifying a spill-over
effect of GVC participation on competitiveness.

We use two databases for the analysis. First is the World Bank Enterprise Survey
(WBES) to separate firms into three categories (also referred to as firm size classes), namely
small firms (5 to 19 employees), medium-sized firms (20 to 99 employees) and large
firms (100 or more employees). For each of the three firm categories we compute their
competitiveness score over two survey rounds. (Enterprise Surveys, The World Bank, the
fourth and the fifth rounds; the data is freely available at http://www.enterprisesurveys.
org.) We extract the GVC participation variables from the Eora Multi-Regional Input-
Output tables (Lenzen et al. 2013) (the Eora Multi-Region Input-Output tables are available
at http://worldmrio.com), using the Quast and Kummritz (2015) adaptation of GVC
indicators originally developed in Wang et al. (2013) and Koopman et al. (2014). The two
resulting datasets are matched at country, firm size class and time period level.

We faced some important challenges in estimating the effect of GVCs on firm com-
petitiveness. First, we needed to gather time variation for firm-level indicators in order to
control for unobserved effects. Second, we needed to control for reverse causality as it is
likely that lead firms decide to establish supply chain linkages with firms that are already
competitive. For example, Mendoza (2020) find that, in the case of Philippines, age and
total factor productivity driving the GVC participation of SMEs, while foreign ownership,
past importing activities, and proximity to economic zones being factors important to firms
of all sizes. Reddy and Sasidharan (2020) show the role of financial constraints in shaping
the participation of Indian manufacturing SMEs in GVCs. Hence it is possible that it is not
only more GVCs that improve competitiveness, but that competitiveness attracts GVCs.

http://www.enterprisesurveys.org
http://www.enterprisesurveys.org
http://worldmrio.com
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Third, as firm competitiveness is an index, we need an estimation technique that takes this
fact into account.

We solved the first challenge by using several rounds of the WBES. This way, we
generated country-specific time variation that allows control for country-specific effects.
For the second challenge, we used an instrumental variables setting. The instrument that
we propose is the depth of regional trade agreements. The argument for the choice of
the instrument is that deep trade agreements help countries integrate in GVCs, but trade
agreements alone do not have a causal link with SME competitiveness. We build on Papke
and Wooldridge (2008) to estimate an unobserved effects model that matches our data in
an optimal way.

The remainder of the paper is structured as follows. Section 2 presents the data.
Section 3 discusses the econometric setup and the identification strategy. Section 4 displays
the econometric results and Section 5 concludes.

2. Data Description

This section describes the measurement of firm competitiveness and value chain indi-
cators alongside the underlying data and figures that plot relations motivating our research.
The main goal of this paper is to gather evidence on the link between firm competitive-
ness and GVCs for developing countries. The task bears a considerable challenge since
accurate firm-level databases with information on productivity exist only for a handful
of countries. Thus, instead of productivity, we embrace the concept of competitiveness,
and in particular the competitiveness score developed by the International Trade Cen-
tre (ITC) (Falciola et al. 2020). In this paper we focus on firm-specific characteristics of
competitiveness, including both its static and dynamic dimensions. Falciola et al. (2020)
conceptualize these dimensions of firm competitiveness under three pillars—compete,
connect and change. The “compete” pillar centers on existing operations that allow firms
to be competitive in a static sense. The “connect” pillar focuses on the importance of
connectivity to information channels to navigate a competitive environment. Lastly, the
“change” pillar refers to the capacity to adapt and embrace change—essential to ensuring
adequate and sustainable returns.

The ITC competitiveness score has been constructed to capture the components under
these pillars that drive firm competitiveness. Falciola et al. (2020) provide a detailed
instruction and explanation of the steps taken for constructing the index. The firm-level
dimension of the index is constructed using the publicly available data from the World Bank
Enterprise Surveys (WBES), focusing on ten questions on firm capabilities. The 10 questions
extracted from the World Bank Enterprise Surveys at the firm level are grouped along
the three dimensions: compete, connect and change. Regarding compete, the questions
concern the availability of a quality certification for the firm, the existence of a firm’s
bank account and the years of experience of the firm’s manager. For connect, the index
looks at the usage of an email address and the presence of a website. When it comes to
change, the questions pertain to the availability of training for staff, the presence of regular
financial audits, the availability of bank financing and the use of foreign licences. The World
Bank Enterprise Survey data is freely available at http://www.enterprisesurveys.org. The
index is a weighted aggregation of the indicators under the three pillars. The weights for
aggregating the indicators are estimated by employing confirmatory factor analysis (CFA).
The CFA model is based on a pre-specified theoretical model that posits the hypothesized
causal relationship of the latent factors and their observed indicator variables (Mueller
and Hancock 2001). Under this approach, we observe that the questions (from WBES)
correlate well to standard productivity and firm-level performance variables such as sales
and output per worker. This score has the advantage of being both computationally simple
and easy to adapt from standard questions in firm-level surveys. Sub-indices for each pillar
are computed as:

Pillarj

(
xi

j

)
= wj1 I

(
xi

j1

)
+ · · ·+ wjm I

(
xi

jm

)

http://www.enterprisesurveys.org
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The formula for computing the final index is:

Competitiveness
(

xi
)
= ω1Compete

(
xi

1

)
+ ω2Connect

(
xi

2

)
+ ω3Change

(
xi

3

)
where wjm is the weight estimated using confirmatory factor analysis for indicator m in
pillar j.

We apply this competitiveness score methodology to the WBES data. To obtain a panel
dataset we focus on countries where at least two waves of the WBES have been performed
between 2006 and 2013. The time span is determined by both the availability of WBES data
and the Eora MRIO. Since the WBES are performed at irregular time intervals, the available
years differ between cross sections. The average time gap within a cross-sectional unit is
4.6 years. This exercise, nevertheless, comes at a cost in terms of representativeness of the
countries involved in the analysis, which, following the pattern of the WBES, are mostly
developing. The resulting unbalanced panel is subsequently merged, by country and year,
to several GVC participation variables computed from the Eora input-output tables. The
final sample covers 64 countries over two time periods (countries and years are listed
in Table A1). The competitiveness score is computed for three size classes of firms. The
definition of the size of a firm is based on the number of full-time employees: small firms
have 5 to 19 employees, medium-sized firms 20 to 99 employees, and large firms 100 or
more employees (as in Mazzarol and Reboud 2020). Thus, our data is at country-year-firm
size class level. The GVC variable derived from the Eora table is constant across firm size
classes. Econometrically we control for this by estimating robust standard errors.

As an example, Figure 1 plots sales for three categories of firms in Argentina, Bulgaria,
Mexico and Russia against the ITC competitiveness score. As we consistently observe,
small firms score below medium-sized and large firms, on average, and have lower sales.
The correlation is high and significant for the three firm size classes. The correlation shows
that the ITC competitiveness score behaves according to our prior expectations, as in the
graph it has the expected sign and slope.

The competitiveness scores across all countries suggest that small firms are catching up
with their larger counterparts. Figure 2 plots the kernel density of the competitiveness gap
(the difference between the score of large firms and small firms), showing that the difference
shrunk during the second wave of surveys and that the increase in the competitiveness of
small firms is larger than the increase in the competitiveness of large firms. This suggests
that the bottom scorers’ growth is higher, indicating convergence in the long run. This
paper sets out to identify whether value chain participation contributed to this convergence.

With regard to countries’ participation in value chains, the research questions require
an overall measure of GVC integration, as well as specific measures of backward linkages
and forward linkages. Our database of choice is the Eora Multi-Regional Input-Output
tables (Lenzen et al. 2013), because it covers the largest number of countries, including
developing economies. We measure GVC integration at the country level for the years in
which the WBES are available, so that our GVC measures can be matched to the competitive-
ness score described above. We decompose Eora using the algorithm developed by Quast
and Kummritz (2015). The algorithm separates gross exports in value added components
at the sector and country-pair level. The components are then aggregated at the country
level to retrieve the indicators of vertical specialization proposed by Koopman et al. (2014).

We employ selected indicators proposed by Koopman et al. (2014). The framework
separates gross exports at the country level into three variables (Figure 3), namely value
added exports, domestic value added in intermediate goods that return home, and foreign
content of exports. Furthermore, each of these elements can be decomposed into three
sub-categories, resulting in nine separate elements.
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From the nine components in Figure 3, we extract indicators of vertical specialization,
including the overall GVC participation, backward integration and forward integration.
Backward integration refers to the contribution from foreign inputs to the production of
domestic exports. For example, a cell phone assembled in the domestic market may contain
R&D produced elsewhere. Forward integration is the other side of the coin. It represents
the domestic content of exports, i.e., the contribution made through a country’s exports to
the production of exports to third countries.

Quantitatively, we measure the overall GVC participation by the value of vertical trade
as a share of gross exports. It is represented by the sum of elements (3) to (9) in Figure 3,
divided by gross exports. We use foreign content of exports as a measure of backward
linkages in value chains, represented by the sum of boxes (7) to (9) in Figure 3, as a share
of gross exports. In addition, we analyze separately double counted intermediate exports,
represented by box (9). Finally, domestic value added, re-exported to third countries, is a
measure of forward linkages. It is calculated by the sum of elements (4) to (6) in Figure 3,
divided by gross exports. Furthermore, in exploratory analysis preceding econometric
modelling, we separate the intermediate goods shipped back to the domestic economy
from intermediate goods that are re-exported to all other countries.

We start empirical analysis by plotting correlations between the vertical trade variables
and the ITC competitiveness score. Each figure contains two panels, with the top panel
plotting competitiveness scores (SC) by firm size class, and the bottom panel focusing on
the competitiveness score gap.

Figures 4 and 5 focus on backward linkages. The top panel of Figure 4 plots the
competitiveness score for small, medium-sized and large enterprises against the foreign
content of exports (VS). The bottom panel puts the competitiveness gap in focus, and shows
that the difference between the competitiveness score of large firms and small firms is
negatively correlated with the foreign content of exports.

Through further disaggregation of GVC variables, we find that the component driving
the correlation behind the foreign content of exports is the double counting of intermediate
foreign goods (Figure 5). The greater the share of double counting from foreign intermediate
sources, the greater the reduction in the competitiveness gap. Double counting occurs
when intermediate goods cross borders several times and the double counting indicator
tends to be sizable when GVC trade is prevalent.
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Forward linkages are explored in Figures 6 and 7, using two different indicators,
namely the value of intermediate goods shipped back to the domestic economy (VS1*)
and the value of intermediate goods that are re-exported to all other countries (VS1). We
observe that countries exporting a large share of intermediate goods that are shipped back
home have a lower competitiveness gap (Figure 6). In contrast, intermediates re-exported
(VS1) are not correlated with a lower competitiveness gap (Figure 7). The result suggests
that firms that integrate in value chains and that are linked back to the domestic markets
may be better off than their counterparts. By using the domestic market to leverage GVCs,
firms may have the possibility of placing themselves at the beginning, the middle or the
bottom of the supply chain. The additional flexibility might allow them to choose the most
adequate segment of the supply chain, driving the relation with the competitiveness gap.
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This initial exploratory analysis suggests the overall measure of GVC participation
is positively correlated with SME competitiveness and negatively correlated with the gap
in competitiveness of large and small firms. Separating GVC integration into specific
components shows that all measures of backward integration carry on the positive relation
with competitiveness and reduction in the competitiveness gap. In the case of forward
integration, the negative relation with the competitiveness gap is statistically significant
only in the case of domestic value added in intermediate goods that returns home.
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3. Methodology: Econometric Setup and Identification Strategy

Since the competitiveness score is bounded in an open interval between 0 and 100,
we model the response variable as a fractional probit model with unobserved effects. In
particular, for a given country i, firm size s at time t, the competitiveness score is modelled
as a function of the GVC participation variables. The model’s condition is the following:

E[CompScoreist|GVCparticipationist] = φ(β1GVCparticipationist + Tt + µis) (1)

i = 1, . . . , 64; s = small, medium, large; t = 1st wave, 2nd wave

µis ∼ N
(

Ψ + ςGVCparticipationis. , σ2
a

)
where φ( .) denotes the normal probability distribution, Tt is a fixed time effect and µis
is an unobserved firm size class-country effect. There are two major problems connected
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with the estimation of Equation (1). First, we do not observe the firm size class-country
effect. Second, the variable GVCparticipationist might be endogenous. We solve the two
problems by applying the procedure introduced by Papke and Wooldridge (2008) for
fractional probit balanced panels. The method assumes that the unobserved effect follows
a normal distribution whose average relates to the time average of the covariates. The
intuition is that we are estimating the optimal de-meaning factor, which is time invariant.

Furthermore, the GVC participation variable might suffer from an identification
problem, because the most competitive SMEs are more likely to participate in GVCs. To deal
with the endogeneity issue, we suggest an instrumental variables estimator that uses the
depth of a trade agreement as the main instrument. Figure 8 depicts the underlying causal
structure assumed in the model. We exploit the fact that the signing of a trade agreement
helps firms integrate in value chains, with deeper agreements having a stronger effect on
the vertical trade. However, an agreement has no effect per se on the competitiveness
of SMEs. Hence, the depth of a trade agreement is a reasonable instrument for GVC
participation. The competitiveness framework elaborated by ITC (Falciola et al. 2020)
contains the competitiveness scores for three layers of the economy: firm capabilities,
the business ecosystem and the national environment. Deep trade agreements contain
provisions aimed at changing the domestic regulatory environment and are likely to
influence the national environment and the business ecosystem. Therefore, we exclude
these two layers from our calculations of the competitiveness score and included only
the score at the firm capabilities level because it is not influenced by the depth of trade
agreements. We define the depth of an agreement as the sum of the policy areas that contain
legally enforceable provisions. The indicator is calculated based on the data from the World
Bank Database on the Content of Preferential Trade Agreements (Hofmann et al. 2017). (The
World Bank Database on the Content of Preferential Trade Agreements is freely accessible
at https://datacatalog.worldbank.org/dataset/content-deep-trade-agreements.)

Economies 2021, 9, x FOR PEER REVIEW 14 of 27 
 

3. Methodology: Econometric Setup and Identification Strategy 
Since the competitiveness score is bounded in an open interval between 0 and 100, 

we model the response variable as a fractional probit model with unobserved effects. In 
particular, for a given country i, firm size s at time t, the competitiveness score is modelled 
as a function of the GVC participation variables. The model’s condition is the following: 𝐸 𝐶𝑜𝑚𝑝𝑆𝑐𝑜𝑟𝑒 |𝐺𝑉𝐶𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 ] = ϕ(𝛽 𝐺𝑉𝐶𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 + 𝑇 + 𝜇 ) (1) 𝑖 = 1, … , 64;  𝑠 = 𝑠𝑚𝑎𝑙𝑙, 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑙𝑎𝑟𝑔𝑒;  𝑡 = 1𝑠𝑡 𝑤𝑎𝑣𝑒, 2𝑛𝑑 𝑤𝑎𝑣𝑒  𝜇 ∼ 𝑁(Ψ + 𝜍𝐺𝑉𝐶𝑝𝑎𝑟𝑡𝚤𝑐𝚤𝑝𝑎𝑡𝚤𝑜𝑛 . , 𝜎 ) 

where ϕ( . ) denotes the normal probability distribution, 𝑇  is a fixed time effect and 𝜇  
is an unobserved firm size class-country effect. There are two major problems connected 
with the estimation of Equation (1). First, we do not observe the firm size class-country 
effect. Second, the variable 𝐺𝑉𝐶𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛  might be endogenous. We solve the two 
problems by applying the procedure introduced by Papke and Wooldridge (2008) for frac-
tional probit balanced panels. The method assumes that the unobserved effect follows a 
normal distribution whose average relates to the time average of the covariates. The intu-
ition is that we are estimating the optimal de-meaning factor, which is time invariant. 

Furthermore, the GVC participation variable might suffer from an identification 
problem, because the most competitive SMEs are more likely to participate in GVCs. To 
deal with the endogeneity issue, we suggest an instrumental variables estimator that uses 
the depth of a trade agreement as the main instrument. Figure 8 depicts the underlying 
causal structure assumed in the model. We exploit the fact that the signing of a trade 
agreement helps firms integrate in value chains, with deeper agreements having a 
stronger effect on the vertical trade. However, an agreement has no effect per se on the 
competitiveness of SMEs. Hence, the depth of a trade agreement is a reasonable instru-
ment for GVC participation. The competitiveness framework elaborated by ITC (Falciola 
et al. 2020) contains the competitiveness scores for three layers of the economy: firm capa-
bilities, the business ecosystem and the national environment. Deep trade agreements 
contain provisions aimed at changing the domestic regulatory environment and are likely 
to influence the national environment and the business ecosystem. Therefore, we exclude 
these two layers from our calculations of the competitiveness score and included only the 
score at the firm capabilities level because it is not influenced by the depth of trade agree-
ments.We define the depth of an agreement as the sum of the policy areas that contain 
legally enforceable provisions. The indicator is calculated based on the data from the 
World Bank Database on the Content of Preferential Trade Agreements (Hofmann et al. 
2017). (The World Bank Database on the Content of Preferential Trade Agreements is 
freely accessible at https://datacatalog.worldbank.org/dataset/content-deep-trade-agree-
ments.) 

 
Figure 8. Causality diagram behind the identification strategy. Source: Authors’ elaboration. Arrows
indicate the expected direction of causality.

Papke and Wooldridge (2008) derive a series of assumptions that allow controlling for
endogenous covariates through a two-stage procedure. We follow their method to estimate
consistently the marginal effects of our independent variables on the competitiveness score.
The assumption requires an exogenous regressor that is present in the first stage and absent
in the second stage.

For robustness purposes, we estimate the model using a linear specification with
an instrumental variables approach in a random effects model for panel data. The error
components model builds around the following assumptions:

CompScoreist = β1GVCparticipationist + Tt + µis + εist (2)

µi ∼ I ID
(

0, σ2
µ i

)
; εit ∼ I ID

(
0, σ2

)

https://datacatalog.worldbank.org/dataset/content-deep-trade-agreements
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E[µi ∗ εit] = 0 ∀ i, t

E[GVCparticipationist ∗ εist] 6= 0 ∀ i, t

We estimate (2) with the Generalized Two-Step Least Squares (G2SLS) estimator
(Baltagi 2013). To back up the assumption of random effects, we perform a Hausman-test
where we compare the fixed effects and random effects estimators. The test supports the
applicability of the random effects estimator, as it is the most efficient one in the absence of
correlation between the main covariate and the individual specific effect.

4. Discussion of the Results

The results are presented in the following way. We start with the overall measure
of GVC participation and employ three different techniques to evaluate its effect on the
competitiveness score of different firm size classes. First, we report the effects of GVC
participation estimated using fractional probit. Second, we address the potential endo-
geneity by employing instrumental variable (IV) and running fractional IV probit. Third,
we provide results of a linear estimation as a robustness check. Fourth, we report three
more sets of results, showing the effect of specific measures of forward and backward
linkages on the competitiveness gap, with and without IV. Fifth, we test the effect on the
competitiveness gap of two firm-level GVC participation variables.

In Table 1, we report the marginal effects for model (1) estimated with Papke and
Wooldridge’s (2008) technique. We estimate the impact of the GVC participation variable
on the competitiveness score of firms in a country. In columns (2), (3), (5) and (6), we
allow the coefficient on GVC participation to differ across firm sizes. The specifications
are all fractional probit models for panel data with different sets of unobserved effects.
The preferred specification is the one in column (6) because it accounts for most types of
heterogeneous effects. In column (6), we observe that a 100 basis point increase in GVC
participation results in an increase in competitiveness of 51 basis points for small firms,
39 basis points for medium-sized firms and 24 basis points for large firms. Therefore,
the effect of GVC participation is stronger for the competitiveness of small firms than for
medium-sized and large firms. For comparison, in column (1) and (2) we also provide an
estimation of the effect of GVC participation on the average measure of firm’s competitive-
ness (independent of the size of firms). Notice that the overall magnitude of the coefficients
is stable across all specifications in Table 1.

The estimates in Table 1 might be biased because the GVC participation variable can
suffer from endogeneity. To mitigate the bias, Table 2 reports the two-stage fractional probit
model that uses the average depth of a country’s trade commitments as the exogenous
variable. The variable is constructed using the World Bank Database on the Content of
Preferential Trade Agreements (Hofmann et al. 2017), with the depth of the agreements
being measured as the count of policy areas with legally enforceable provisions.

In Table 2, we report the coefficients that use the depth of trade agreements as an
instrument. We find the marginal effects to be larger than in the baseline model but compa-
rable in magnitude. Column (1) shows that, on average, increasing GVC participation by
100 basis points increases the competitiveness score by 70 basis points. Once we separate
the effect between small, medium-sized and large firms, we notice the same pattern as in the
baseline results reported in Table 1. Small firms benefit the most from GVCs. For a 100 basis
points increase in GVC participation, we observe an increase of the competitiveness of
small firms by 82 basis points. In contrast, medium-sized and large firm competitiveness
increases by 70 basis points and 56 basis points, respectively.

For robustness purposes, we provide a linear estimation of model (2) in Table 3. We
use a random effects model so that the order of magnitude of marginal effects is comparable
to the fractional probit. Indeed, across all four specifications, we observe similar results to
what we reported in Tables 1 and 2. Columns (1) to (3) are Generalized Least Squares (GLS)
estimates and column (4) is the generalized Two-Stage Least Squares (G2SLS) using the
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depth of trade agreements as an instrument. Alternatively, we have used the average depth
of WTO-plus and WTO-extra provisions. The additional instruments confirm the results.

Table 1. Effect of global value chain (GVC) participation on competitiveness, baseline results.

Model
Fractional Probit, Marginal Effects

(1) (2) (3) (4) (5) (6)

Dependent
variable:

Competitiveness
score

Competitiveness
score

Competitiveness
score

Competitiveness
score

Competitiveness
score

Competitiveness
score

GVC
participation x

Small
- 0.400 *** 0.462 *** - 0.383 *** 0.510 ***

(0.089) (0.083) (0.072) (0.091)
GVC

participation x
Medium-sized

- 0.300 *** 0.365 *** - 0.264 *** 0.388 ***

(0.090) (0.080) (0.066) (0.092)
GVC

participation x
Large

- 0.136 0.191 ** - 0.121 * 0.241 ***

(0.086) (0.081) (0.068) (0.089)
GVC

participation 0.243 *** 0.200 **

(0.072) (0.086)

Observations 378 378 378 378 378 378
Firm size FE NO YES YES YES YES YES

Country-firm size
effects NO NO NO YES YES YES

Year FE NO NO YES YES NO YES

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Note: Bootstrapped standard errors based on 100 replications.

Table 2. Effect of GVC participation on competitiveness; fractional probit with endogenous variables.

Model
Fractional IV Probit

(1) (2)

Dependent variable: Competitiveness score Competitiveness score

GVC participation 0.697 *** -
(0.062)

GVC participation
x Small - 0.817 ***

(0.079)
GVC participation
x Medium-sized - 0.698 ***

(0.071)
GVC participation

x Large - 0.562 ***

(0.083)

Observations 378 378
Firm size FE YES YES

Country-firm size effects YES YES
Year FE YES YES

Standard errors in parentheses. *** p < 0.01. Bootstrapped standard errors based on 100 replications. Note: The
instrument for the first stage is the average depth a country’s trade agreements.

Having established the link between the overall GVC participation and competitive-
ness by firm size, we delve deeper and separate the GVC participation into two types:
forward linkages variables (measured by the domestic value added in exports that return
home, and the domestic value of intermediate imports that are re-exported by the partner
country) and backward linkages (foreign content of exports in intermediate and final goods,
and double counting in exports). We report the results for forward linkages in Table 4,



Economies 2021, 9, 12 16 of 25

while Table 5 shows the results for backward linkages. Both are estimated by Generalized
Least Squares. Finally, Table 6 presents the selected models with their G2SLS estimations.

Table 3. Effect of GVC participation on competitiveness; linear models as a robustness check.

Model
Linear Linear 2SLS

(1) (2) (3) (4)

Dependent
variable:

Competitiveness
score

Competitiveness
score

Competitiveness
score

Competitiveness
score

GVC participation
× Small - - 0.480 *** -

(0.089)
GVC participation
×Medium-sized - - 0.370 *** -

(0.081)
GVC participation

× Large - - 0.204 ** -

(0.081)
GVC participation 0.254 *** 0.349 *** 0.729 ***

(0.072) (0.052) (0.082)
Constant 0.398 *** 0.225 *** 0.168 *** 0.093 ***

(0.036) (0.024) (0.039) (0.033)

Observations 378 378 378 378
Firm size FE NO YES YES YES

Country-firm size
RE YES YES YES YES

Year FE YES YES YES YES
Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05.

Table 4. Forward integration and competitiveness gap.

Model
Random Effects

(1) (2)

Dependent variable: Competitiveness gap Competitiveness gap

Domestic value added that
returns home (% of gross

exports)
−12.19 *** -

(4.263)
Domestic value of

intermediate imports
re-exported (% of gross

exports)

- −0.070

(0.153)
Constant 33.27 *** 32.33 ***

(1.274) (3.195)
Observations 124 124

Number of Countries 63 63
Standard errors in parentheses. *** p < 0.01.

In Table 4 we report the results of the GLS estimations with forward linkages indicators
as explanatory variables. Column (1) reports the results for the domestic value added
that returns home. An increase in the domestic content of exports of 10 basis points is
accompanied by a decrease of the competitiveness gap of 120 basis points. In column (2) we
observe that exports for re-exports to third countries are not related to the competitiveness
gap. The result may be explained by the finding in Cusolito et al. (2016) who show that
participation in GVC is mostly taking place through backward linkages, especially in
developing countries. The large coefficient in column (1) is explained by the fact that the
amount of domestic value added that returns home is usually very low, with the maximum
being around 7%. An example of domestic value added that returns home are Apple
patents that come back to the United States embedded in the goods designed by Apple but
produced in foreign factories.
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Table 5. Backward integration and competitiveness gap.

Model
Random Effects

(1) (2) (3)

Dependent variable: Competitiveness gap Competitiveness gap Competitiveness gap

Foreign content of
exports (% of gross

exports)
−0.207 *** - -

(0.061)
Double counting

from foreign sources,
(% of VS)

- −0.388 *** -

(0.113)
Foreign value added
in intermediate goods

(% of VS)
- - 0.148

(0.095)
Constant 35.82 *** 41.33 *** 24.69 ***

(1.722) (3.160) (4.146)
Observations 126 126 126

Number of Countries 64 64 64
Standard errors in parentheses. *** p < 0.01. Note: VS or vertical specialization denotes the foreign content
of exports.

Table 6. GVC participation and competitiveness gap, preferred models (2SLS).

Model
Generalized Two-Stage Least Squares with IV

(1) (2) (3)

Dependent variable: Competitiveness gap Competitiveness gap Competitiveness gap

Foreign content of
exports (% of gross

exports)
−0.357 *** - -

(0.100)
Domestic value

added that returns
home (% of gross

export)

- −27.25 *** -

(7.819)
GVC participation

index - - −0.368 ***

(0.094)
Constant 39.41 *** 36.16 *** 47.05 ***

(2.548) (1.756) (4.203)
Observations 124 124 126

Number of Countries 63 63 64
Standard errors in parentheses. *** p < 0.01. Note: The model is estimated by Generalized Two-Stage Least
Squares. The instrument in the first stage is the average depth of a country’s trade agreements. The F-statistic
passes the weak instrument test.

In Table 5 we report the results of the GLS estimations with backward linkages
indicators as explanatory variables. The main goal is to determine the impact of vertical
specialization on the competitiveness gap and identify specific drivers. We report the
results for the overall measure of forward integration, i.e., foreign content of exports, and
its two components, namely double counted terms from foreign sources and foreign value
added in intermediate goods. We find in column (1) that increasing the foreign content of
exports by 10 basis percentage points decreases the competitiveness gap by 2 basis points.
The component driving the result is the amount of double counting in gross exports shown
in column (2). Double counted exports are an indicator that an intermediate good has
crossed the border several times; in contrast to foreign value added in intermediate exports,
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this denotes stronger interlinkages in GVCs. It is not only an import to be processed
and re-exported; it is a product that has been imported and processed several times.
Column (3) highlights that foreign value added in intermediate goods is not related to the
competitiveness gap.

In Table 6 we show the results for the instrumental variables estimator. The instrument
is the average depth of a country’s trade agreements. First stage fits are reported in the
Appendix A (Figures A1–A4). The IV corroborates our previous estimates. We observe a
significant impact of the backward linkages, in other words vertical specialization as an
importer of value added. An increase of 10 basis points in the index results in a 4 basis
point reduction of the competitiveness gap, shown in column (1). Furthermore, the effect
of domestic value added shipped back home is even stronger. We observe that a 10 basis
point change deals a significant reduction of 270 basis points (column 2). Intuitively, from
lead firms’ points of view, competitiveness of foreign suppliers of value added (backward
linkages) is more important than competitiveness of foreign buyers of value added (forward
linkages), unless the buyers purchase value added that ultimately returns and is consumed
in the home economy (measured by the GVC indicator “domestic value added that returns
home”). In these cases, lead firms in value chains are more likely to share the technologies
and know-how and contribute investment and other capital.

Finally, column (3) of Table 6 shows that increasing the overall GVC participation
by 10 basis points leads to a reduction of the competitiveness gap by 4 basis points. The
magnitude is significant. Deepening a country’s trade commitments by an additional policy
area corresponds, on average, to a 2.5% increase in the country’s integration into value
chain trade. This benefits both small and large firms. Small firms benefit even more, which
leads to a 1.25% reduction in the competitiveness gap between large and small firms. For
example, increasing Ecuador’s commitments by one policy area would result in a reduction
of the competitiveness gap between large and small firms, with the reduced gap being
similar to the competitiveness gap observed in Slovakia.

An important caveat of the analysis insofar lays in the fact that the differences observed
between groups of firms could be currently explained by differences within categories of
firms. Therefore, in order to assess if there are decreasing returns of GVC participation to
firm size, we calculate two participation measures at the firm level, as suggested by Taglioni
and Winkler (2016), together with a monotonic firm size variable. Table 7 reports the impact,
on the competitiveness score, of a GVC participation variable based on backward linkages,
namely the domestic firm’s share of imported input. The regressions in column (1) and
(2) of Table 7 show that larger firms are more competitive that smaller ones and that
backward linkages are positively correlated with the competitiveness score. In column
(2) of Table 7, the interaction between the GVC participation variable and the firm-size
variable is negative. This can be interpreted as GVC participation having a decreasing
impact on the competitiveness score based on the size of the firm.

In Table 8, we report test the impact of another firm-level GVC participation measure
based on forward linkages, suggested by Taglioni and Winkler (2016), on the competi-
tiveness score. The multinational share of inputs from domestic suppliers is negatively
correlated with the competitiveness score. The negative coefficient, however, is weaker for
larger firms. The interpretation of this result is clear. Only very large firms benefit from
strong forward GVC linkages.
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Table 7. Robustness check, firm-level backward GVC participation and competitiveness score.

Model
Linear

(1) (2)

Dependent variable: Competitiveness Score Competitiveness Score

Domestic firm’s share of
imported inputs 0.0839 *** 0.136 ***

(0.00295) (0.00787)
Number of full-time
employees (in logs) 7.157 *** 7.665 ***

(0.0747) (0.104)
Domestic firm’s share of

imported inputs *
Number of full-time
employees (in logs)

- −0.0154 ***

(0.00198)
Constant 28.60 *** 26.77 ***

(1.845) (1.861)
Observations 31,359 31,359

R-squared 0.455 0.456
Country FE Yes Yes

Year FE Yes Yes
Robust standard errors in parentheses. *** p < 0.01. * p < 0.1.

Table 8. Robustness check, firm-level forward GVC participation and competitiveness score.

Model
Linear

(1) (2)

Competitiveness score Competitiveness score

Multinational share of inputs
from domestic suppliers −0.0532 *** −0.172 ***

(0.00685) (0.0226)
Number of full-time
employees (in logs) 4.360 *** 2.823 ***

(0.171) (0.275)
Multinational share of inputs

from domestic suppliers *
Number of full-time
employees (in logs)

- 0.0280 ***

(0.00444)
Constant 41.45 *** 47.93 ***

(4.262) (4.320)
Observations 3940 3940

R-squared 0.330 0.338
Country FE Yes Yes

Year FE Yes Yes
Robust standard errors in parentheses. *** p < 0.01. * p < 0.1.

5. Conclusions

The literature shows how opening up to trade affects the productivity distribution
of domestic firms. GVCs dominate international production and trade, reallocating tasks,
capital and knowledge flows across countries. The paper investigates the spill-over effect,
in terms of competitiveness, for firms participating in GVCs. By looking at a large sample
of developing countries, we estimate the effect of GVC participation on competitiveness
across different firm size classes, while identifying the potential channels of transmission.

The empirical analysis supports previous findings on the benefits accruing to firms
through their integration into global production networks. In particular, firms of all sizes
appear to benefit from the average level of GVC integration of the country. The paper
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highlights that the effect is stronger for the competitiveness of small firms than for the
competitiveness of large firms. There are two possible economic explanations for this
observation. On the one hand, pro-competitive effects of opening up to trade might push
the least productive firms out of the market, which might coincidentally be the smallest,
rising the overall average productivity of small firms proportionally more than for large
firms. On the other hand, a learning effect could be taking place where importing goods
translates into importing knowledge and best practices. For example, Vidavong (2019)
shows that, in the case of Laos, firms’ experiences in GVCs are very significant in explaining
improvements among SMEs, with positive changes being attributed to innovations and
learning-by-exporting. Small firms would benefit the most from the transfer of knowledge
because of their lower initial human capital endowment.

The natural follow-up of the analysis was to identify the channels of transmission for
the effect. We find that backward linkages are the most important for the competitiveness
of small firms. The finding supports the hypothesis that the use of foreign inputs allows
small firms to access high quality intermediates that may be unavailable in their domestic
economy. As a consequence, the imported knowledge serves as a vector to achieving a
higher performance. Indeed, we provide evidence that double counted intermediate goods
are the main factor driving the result, which is a clear indicator of cases where GVC trade
is prevalent. Forward linkages appear to matter only in the case of domestic value added
that returns home. This makes the case for “circular” value chains that leverage on the
domestic economy for consumption and use foreign hubs for processing and assembly.

Further research can integrate a sectorial dimension in the current study. Moreover,
identifying specific determinants that matter both for the competitiveness and GVC partici-
pation can provide valuable inputs for informed policy making.
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Table A1. Countries in the sample.

Country Available World Bank Enterprise
Survey Years Country Available World Bank Enterprise

Survey Years

Albania 2007 2013 Madagascar 2009 2013
Angola 2006 2010 Malawi 2009 2013

Argentina 2006 2010 Mali 2007 2010
Armenia 2009 2013 Mexico 2006 2010

Azerbaijan 2009 2013 Moldova 2009 2013
Bangladesh 2007 2013 Montenegro 2009 2013

Belarus 2008 2013 Namibia 2006 2013
Bhutan 2009 2013 Nepal 2009 2013
Bolivia 2006 2010 Nicaragua 2006 2010

Bosnia and
Herzegovina 2009 2013 Nigeria 2007 2013

Botswana 2006 2010 Pakistan 2007 2013
Bulgaria 2009 2013 Panama 2006 2010
Burundi 2006 2013 Paraguay 2006 2010

Chile 2006 2010 Peru 2006 2010
Colombia 2006 2010 Poland 2009 2013

Congo, Democratic
Republic of the 2010 2013 Romania 2009 2013

Croatia 2007 2013 Russian Federation 2009 2012
Czech Republic 2009 2013 Rwanda 2006 2011

Ecuador 2006 2010 Senegal 2007 2013
Estonia 2009 2013 Serbia 2009 2013
Georgia 2008 2013 Slovakia 2009 2013
Ghana 2007 2013 Slovenia 2009 2013

Guatemala 2006 2010 Tajikistan 2008 2013
Honduras 2006 2010 Tanzania 2006 2013
Hungary 2009 2013 Turkey 2008 2013

Kazakhstan 2009 2013 Uganda 2006 2013
Kenya 2007 2013 Ukraine 2008 2013

Kyrgyzstan 2009 2013 Uruguay 2006 2010
Lao PDR 2009 2012 Uzbekistan 2008 2013

Latvia 2009 2013 Venezuela,
Bolivarian rep. of 2006 2010

Lithuania 2009 2013 Yemen 2010 2013
Macedonia,
Republic of 2009 2013 Zambia 2007 2013
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