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ABSTRACT
This paper investigates the link between value chain importance
and economic growth for the EU24 regions between 2008 and
2018. It finds that relying more on GVCs worsened regional
growth during the financial crisis, but led to higher growth in the
long run. The results contribute to the literature on regional
resilience and the public debate on the impact of shocks and the
desirability of GVCs. Furthermore, by separately analyzing the
importance of global and regional value chains it contributes to
the discussion on the effect of regionalization and provides
insights on how the re-configuring of value chains may affect
regional growth.
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1. Introduction

Global Value Chains (GVCs) and their effect on economic performance has been scru-
tinized and debated by the popular media, academics and policy makers (Cingolani, Pan-
zarasa, and Tajoli 2017; Pahl and Timmer 2020), especially since the 2007–2008 global
financial crisis (GFC). The 20 years before the GFC were characterized by the rapid
growth of international trade, foreign direct investments and global value chains. This
was the result of several long-term institutional, technological, political and economic
drivers, including the gradual removal of trade barriers and the information and com-
munication technology (ICT) revolution (Antràs 2021; Antràs and Gortari 2020;
OECD 2020; UNCTAD 2020; World Bank 2020).

Following the GFC, a debate emerged among academics and policy makers on
whether GVCs tend to magnify or mitigate global shocks (Altomonte et al. 2012
Bems, Johnson, and Yi 2011; Brakman and van Marrewijk 2019; van Bergeijk,
Brakman, and van Marrewijk 2017; van den Berg and Jaarsma 2017). The COVID-19
pandemic has further fueled this debate (Baldwin and Evenett 2020; Gereffi 2020;
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Ivanov and Dolgui 2020) and discussions on whether policy-makers should intervene
and how (Di Stefano 2021).

In this paper we aim to contribute to this debate by investigating the relationship
between a region’s value chain importance (VCI) during the GFC and its long-term
recovery, where VCI is defined as the ratio between value chain income and GDP
(IJtsma and Los 2020). We do so by using the EUREGIO dataset (Thissen et al. 2018),
which is the first set of global input-output tables at NUTS2 level for the entire large
trading bloc of the European Union covering the years 2000–2010. Drawing from the
GVC importance measure of IJtsma and Los (2020), we introduce the Total Value
Chain Importance (TVCI), the Regional Value Chain Importance (RVCI) and the
Global Value Chain Importance (GVCI) measures. These different variables allow to dis-
tinguish the extent to which regional and global value chains account for the value-added
generation of given regions. Building on Crescenzi, Luca, and Milio (2016), this paper
explores the relationship between value chain importance and the long-term recovery
of the EU24 regions, by controlling for crisis-period national macroeconomic conditions
and regional factors. Our results show that crisis-period Total and Global Value Chain
Importance have a positive relationship with the long-term (2011–2018) economic
growth of regions, while we did not detect a robust association between Regional
Value Chain Importance and growth.

These results are particularly relevant in the context of the current debate on de-glo-
balization and regionalization (Baldwin and Lopez-Gonzalez 2015 Johnson and Noguera
2012; Sturgeon, Van Biesebroeck, and Gereffi 2008), the shortening of GVCs (Laplume,
Petersen, and Pearce 2016) and the halting of international fragmentation of production
(Livesey 2018). The popular media often focuses on the bullwhip effect, the magnified
negative shock along the supply chains following a shock (Altomonte et al. 2012). The
empirical evidence, however, shows no signs of reversed globalization and that the nega-
tive effect of embeddedness in global value chains following a shock is mostly concen-
trated in the immediate aftermath.

The paper is structured as follows. The next section discusses the literature; first the
concept and difficulties of measuring regional resilience, then the empirical outcomes
on the link between shocks and global value chains. Section three provides the details
on the dataset and operationally defines the Value Chain Importance variables and the
econometric model specification. Section four describes the results, while the final
section offers a discussion of the results and provides a conclusion.

2. Literature review

2.1. Regional economic resilience

The regional resilience literature aims to understand why some regions are able to renew
themselves in the face of crises, while others remain locked-in (Martin and Sunley 2006).
The concept gained renewed interest in the aftermath of the 2008 GFC. This has resulted
in the emergence of three streams of literature: neoclassical, ecological and evolutionary
(Bhamra, Dani, and Burnard 2011). According to the neoclassical perspective, resilience
is defined by the resistance to shocks and the speed at which the system can return to its
prior, pre-shock (equilibrium) state without having to change the structure of the system
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(Martin 2012). In terms of regional economic resilience, this refers to a region’s ability to
‘bounce back’ to the pre-shock state following an economic shock or crisis (Angulo, Mur,
and Trívez 2018). This notion of resilience, also referred to as ‘engineering resistance’
(Martin 2012), has been used for example by Fingleton, Garretsen, and Martin (2012)
in the context of UK regions. In the ecological perspective resilience refers to a
region’s ability to absorb and recover from a shock. Through this recovery the region’s
ability to restructure and move toward a new equilibrium state is central (Brada,
Gajewski, and Kutan 2021 Martin 2012; Pendall, Foster, and Cowell 2010).

The evolutionary regional resilience approach emerged as a critique of the aforemen-
tioned two. The engineering and ecological approach are critiqued based on their
inherent view of recovering from a shock through returning to either their old or
moving to a new equilibrium state. The evolutionary approach is adaptive, in the
sense that it stresses the importance on re-orienting the region’s economic system to
better interact with other agents and adapt to economic shocks in the future (Kogler
2015 Martin 2012; Pendall, Foster, and Cowell 2010). Moreover, it is also path-depen-
dent, in the sense that regions are viewed in the context of their history (Giannakis
and Bruggeman 2017; Webber, Healy, and Bristow 2018). It is largely through this
approach, that a thorough understanding is starting to emerge on how pre-shock econ-
omic factors determine whether regions are able to adapt (Boschma 2015 Cainelli,
Ganau, and Modica 2019a; 2019b; Diodato and Weterings 2015; Frenken, Van Oort,
and Verburg 2007; Martin and Sunley 2015; 2020; Tóth et al. 2022).

Due to the fuzziness of the concept, academics have faced difficulties in measuring resi-
lience. To address these difficulties, Martin (2012) proposed to break down the concept of
resilience into four interacting dimensions; resistance, recovery, re-orientation and
renewal. In his articulation, resistance refers to the ability to withstand the negative
effect that shocks have on regions, while recovery measures how promptly and how well
regions bounce back after a shock. Re-orientation concerns the reconfigurations that
take place to prevent the impact of future shocks. The final element; renewal, describes
the speed at which the system can return to its prior (pre-shock) growth path. All of the
above approaches underscore the interdisciplinary nature of regional resilience and add
to its malleability (Christopherson, Michie, and Tyler 2010). However, their differences
also highlight the ambiguity of the concept (Fröhlich and Hassink 2018; Martin and
Sunley 2015) and the challenges involved in defining, measuring and interpreting resilience
(Carpenter et al. 2001; Davoudi et al. 2012; MacKinnon and Derickson 2013). Critics of the
concept raise awareness to the methodological and theoretical difficulties in operationaliz-
ing what is really meant by resilience (Fröhlich and Hassink 2018; Gong and Hassink 2017;
Hassink 2010). In these critiques three main points are raised; there is too much focus on
returning to the equilibrium state, the role of states and policies is typically not considered
and lastly, the role of social capital and networks tends to be neglected.

Because of the complexity to operationalize the concept of resilience, there is no con-
sensus in the literature on how, when and what to measure. Depending on the framework
of the study, resilience has been measured in relation to the performance of others or in
absolute terms. While the timeframe both of when the shock reaches the region and how
much it affects them is a question to consider (Sensier, Bristow, and Healy 2016). There-
fore, regional resilience has been operationalized in numerous ways, from taking a hol-
istic (Rizzi, Graziano, and Dallara 2018), through a business-cycle approach, to
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understanding the resilience indices in a comparative manner. Many (Crescenzi, Luca,
and Milio 2016; Giannakis and Bruggeman 2017; Groot et al. 2011 Lane and Milesi-Fer-
retti 2011) have measured resistance by understanding the effect of pre-crisis regional
and national factors on the post-crisis performance. These studies generally focus on
the short-term impact of a shock and not on recovery. Recovery has been operationalized
by Brakman and van Marrewijk (2019) to measure the time to return to the pre-crisis
level of trade. However, such survival analysis does not allow to incorporate other macro-
economic conditions and regional factors. Building on the resilience indices approach,
where the reference position is the crisis period, recovery period can also be analyzed,
by measuring how the crisis period conditions affect the long-term growth of regions.

Despite the difficulties of measuring resilience, many studies have focused on the
empirical understanding of what national or regional characteristics drive how regions
respond to shocks. A set of key regional structural factors effecting regional paths in
the long term have been identified by recent studies. Giannakis and Bruggeman (2017)
noted that human capital (such as education level) is a key determinant of resilience at
the regional level. They also confirmed the work of Rivera (2012), where they noted
that regions that specialized in manufacturing were more likely to experience the
impact of economic shocks and recession. The industrial structure of a region has
often been used to explain differences in growth for European regions (Martin et al.
2016; Martin and Tyler 2000). Martin and Sunley (2015) argued that the industrial struc-
ture of a region is a crucial component when considering its resilience; where they noted
that regions that specialize in technology- and knowledge-led sectors are likely to have
increased resilience, due to the innovation focus and adaptable employment features
of these sectors. Similarly, Brakman, Garretsen, and van Marrewijk (2015) find that
the sectoral composition of a region matters and that regions with greater share of
output in medium and high-tech industries were less impacted by the GFC.

2.2. Shocks, GVCs and growth

Only recently did the attention shift to understanding how the network effect of being
embedded in GVCs, participating in FDIs and mergers and acquisitions may contribute
to the various ways countries respond to shocks (Criscuolo and Timmis 2017). Various
links have been identified between GVCs (or global supply chains) and growth following
a shock. One strand of research highlights the negative effects of the interconnected trade
networks. Most notably, the WTO (2009) has linked economic decline to the increase of
GVCs in trade, whereas Kleinert, Martin, and Toubal (2012) showed that foreign affiliates
transmit shocks in corporate networks. On the other hand, Altomonte et al. (2012) high-
lighted that it is not only shocks that transfer through supply chains, but also recovery.
Brakman, Garretsen, and van Marrewijk (2015) argue that the link between GVCs and resi-
lience stems from regional specialization that is affected by competition.

Furthermore, the effect of international linkages has only been studied at the national
or firm level and not in the context of regional resilience. Results are varied, partly due to
the level and the geographical scope of the analysis. On the firm level, a negative corre-
lation between exporting, but a positive correlation between importing and firm survival
is found by Wagner and Gelübcke (2014). While Altomonte et al. (2012) find that the
bullwhip effect leads to both an immediate trade collapse for trade in intermediates,
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but also a faster rebound. In line with these findings, but at a national level Brakman and
van Marrewijk (2019) showed that the GFC only had a short negative effect and by 2011
international fragmentation rebounded. Behrens, Corcos, and Mion (2013) on the other
hand conclude that rather than value chains, it is country and product-specific factors
that affect trade. Bems, Johnson, and Yi (2011) and van Bergeijk (2012) highlight the
dampening effect of GVCs on the fall of world trade.

In conclusion, the extant literature suggests that the level of analysis, as well as the
effect of national, regional and sectoral factors and the time-frame considered are all
important factors in explaining differences in the results across different studies that
look at the relationship between participation in GVC and resilience. It is also important
to note that studies that consider the effect of participating in GVCs on regional resilience
have been limited by the lack of appropriate data. Our analysis aims at filling this gap by
measuring the value chain importance (VCI) of a given region and examining how this
affects its growth in value added in the long-run. This long-term view contributes with
empirical evidence to a public debate which tends to over-emphasise the short-term
impact of global shocks. We use region’s GVA as our dependent variable to avoid the
ambiguity linked to concept of ‘resilience’ discussed above.

3. Data and methods

For our investigation we rely on three types of data sets. First of all, we use input-output
tables at regional level, which are obtained from the EUREGIO database (Thissen et al.
2018). This dataset is used to identify the share of total regional output for manufactur-
ing, agriculture and service sectors, as well as the proportion of capital in value added
production. Secondly, we rely on Eurostat regional indicators to measure education,
gross value added per capita growth and level. Lastly, we make use of national level vari-
ables, such as Eurostat’s government gross debt and the World Bank’s FDI net balance.

3.1. EUREGIO database

The EUREGIO database is the first set of global input-output tables at NUTS2 level for
the entire large trading bloc of the European Union covering the years 2000–2010. For
each year available, the input-output (trade) flow from each NUTS2 region (or country
outside of the EU) to another for each of the 14 sectors is recorded. Totally there are
266 NUTS2 regions and countries and therefore 3724 (266 × 14) units of observations at
sectoral level available in each year’s input-output table. In line with the literature, we
concentrate only on the trade carried out in the various manufacturing sectors. To do
this we take the 5 sectors within the manufacturing industry and discard the rest of the
sectors. The 5 sectors are: Food beverages and tobacco; Textiles and leather etc.; Coke
refined petroleum nuclear fuel and chemicals etc.; Electrical and optical equipment and
Transport equipment; and Other manufacturing. The numbers in the EUREGIO data-
base are in current basic (producers’) prices and are expressed in millions of US
dollars.1

Table 1 shows a simplified input-output table with only two countries and four
regions, which demonstrates the structure of the EUREGIO database at regional level.
The 4× 4 inter-regional component (highlighted in the dashed box) is called the
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transactions matrix and is often denoted by matrix Z. Note that the diagonal domestic
submatrices (transactions between regions in the same country) are shaded while the
off-diagonal submatrices are the transactions crossing country borders. The rows of Z
record the distributions of the industry outputs throughout the two countries while
the columns of Z record the composition of inputs required by each region. For
example, Zij

rs is the transaction flow from region r in country i to region s in country j.
Note that in this example all the regions buy inputs from themselves (e.g. Zii

qq), which
is often observed with significant amounts in aggregated data. Besides intermediate
use, the remaining outputs are absorbed by the additional columns of final demand,
which includes household consumption, government expenditure and so forth (here
we only show the aggregated final demand for each region). For example, f iq is the
final demand provided by region q in country i. We denote the final demand vector
across all regions as f . Similarly, production necessitates not only inter-sector trans-
actions but also labor, management, depreciation of capital and taxes, which are sum-
marized as the additional row of value-added. For example, vjs is the value-added
required by region s in country j. We denote the value-added vector across all regions
as v. Finally, for each region, the total output can be computed by summing up either
its corresponding row or column. We denote the total output vector across all regions
as x.

3.2. Measures of value chain importance

If we divide each column of matrix Z by its corresponding total output in x, we have the
so-called technical coefficients matrix and denote it as A. Note that x = Ax+ f and it can
be rearranged as x = (I − A)−1f . The matrix (I − A)−1 is the famous Leontief inverse
(Leontief 1936) and is often denoted as L.

If we then divide each element of v by its corresponding total output in x, we have the
value-added share vector and denote it as w. We also define the operation of a ^ (‘hat’)
over a vector to result in a diagonal matrix with the vector on its diagonal. Then the
value-added contribution matrix G can be computed as follows (Zhu et al. 2018):

G = ŵL f̂ (1)

For example, its elementGij
qs is the value-added contribution from region q in country i to

region s in country j.

Table 1. A simplified inter-regional input-output table.
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Following IJtsma and Los (2020), we then define the Total Value Chain Importance
(TVCI) for region q in country i as:

TVCIiq =
∑

s,j G
ij
qs

∑
s,j G

ji
sq

(2)

Note that the denominator
∑

s,j
G ji
sq is the sum of the column corresponding to region q in

country i inG that is the total sum of Final Demand, i.e. GDP, of region q. The numerator
∑

s,j
Gij
qs is the sum of the row corresponding to region q in country i in G, which accounts

for the total value added contribution of region q to the rest of the world, i.e. region q’s
total value chain income.

For the regions available in the EUREGIO database, we further differentiate the value-
added contribution within the European Union from that beyond it. Therefore, the
Regional Value Chain Importance (RVCI) for region q in country i is:

RVCIiq =
∑

s,j[EU Gij
qs

∑
s,j G

ji
sq

(3)

That is, the numerator
∑

s,j[EU
Gij
qs only includes the value-added contribution from

region q in country i to the EU, i.e. region q’s regional value chain income from the
EU. On the other hand, the Global Value Chain Importance (GVCI) for region q in
country i is:

GVCIiq =
∑

s,j�EU Gij
qs

∑
s,j G

ji
sq

(4)

Note that for region q in country i, TVCIiq = RVCIiq + GVCIiq.
The Value Chain Importance measures are thus suitable to capture value chain invol-

vement in a macroeconomic sense. The VCI measures are based on backward linkages
specified in Equation 1. Through the Leontief approach, the VCI measure aims to high-
light how each region q meets the Final Demand. To highlight the meaning through an
example, a 0.1 TVCI of region q means, that region q attributes 10% of its GDP to its
value chain income.

As an example, Figure 1 depicts the variation of TVCI of regions, where the lighter
the color the more the region is dependent on GVCs in manufacturing for their value-
added generation. Figure 1 shows that during the crisis-period GVC activities were
most important for regions like Stuttgart (DE), Upper Palatinate (DE), Tübingen
(DE), Central Bohemia (CZ), Northeast Czechia (CZ) and Central Moravia (CZ),
where around 30% of GDP was derived from GVC activities. On the other side,
Melilla (ES), Inner-London (UK), Ceuta (ES), Algarve (PT), Balearic Islands (ES)
and Canary Islands (ES) where less than 6% of their GDP was derived from GVC
activities.
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3.3. Econometric modelling

To analyze the association between regional economic performance in terms of real
growth rates of GVA per capita and the value chain importance measures discussed in
the previous section, we apply a linear regression model with country level clustered stan-
dard errors, that also includes regional and national macro-economic indicators. We
follow the long-term view taken by Crescenzi, Luca, and Milio (2016) and specify the
model as below:

GVAi,c,t1 = a+ b0GVAi,c,t0 + b1TVCIi,c,t0 + b2Nc,t0 + b3Ri,c,t0 + 1i,t1 (5)

When examining the average annual real growth rates of Gross Value Added (GVA) per
capita across regions (see Figure C. in the appendix), we define t0 as the crisis period from
2008 to 2010 and t1 as the post-crisis period from 2011 to 2018. The dependent variable
GVAi,c,t1 is the average annual real growth rate of regional GVA per capita in region i,
belonging to country c, during t1. GVAi,c,t0 is the average annual real growth rate of

Figure 1. TVCI by region during 2008–2010.
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regional GVA per capita in region i, belonging to country c, during t0. TVCIi,c,t0 is the
Total Value Chain Importance (TVCI). Nc,t0 is a vector of national macroeconomic
factors which includes FDI net balance and government gross debt as proportion of
GDP, while Ri,c,t0 is a vector of regional indicators which includes education and
capital share, 1i,t1 is the error term (for further clarification please refer to Appendix A).

Following the approach taken by Crescenzi, Luca, and Milio (2016), this model relies
on GVA growth to understand the change in growth rate from crisis to post-crisis time.
Using this development measure is beneficial in light of the research question as shocks
to the GVCs affect firms first. This effect then trickles down to labor and consumption.
Therefore, it is valuable to focus on understanding how GVCs relate to the value of goods
and services produced in an economy. However, a limitation of this measure is that it
does not provide insights for the implications for welfare and employment, other
factors that GVCs may influence. While Crescenzi, Luca, and Milio (2016) use GVA/
capita to control for pre-crisis conditions as is standard when analyzing Solow-type con-
vergence, due to data availability issues in this model we control for average GVA growth
per capita. Therefore, these results will not allow us to comment on whether regions con-
verge or diverge post-crisis. Instead, in line with Lane and Milesi-Ferretti (2011) we use
average GVA growth as a control to understand whether regions that experienced higher
growth also continued to grow post-crisis. Comparing growth rates during and post crisis
may highlight the change in trend between the two periods. However, to catch a glimpse
of regional convergence post-crisis, another set or regressions are carried out. These
models estimate equation (5) and (6) but use average GVA per capita for all EU24
countries but the UK. In these models, we also use country fixed effects to account for
spatial effects. In case of GVA/capita, information is unavailable for UK and therefore
we use the variable in the robustness checks. The results are presented in Appendix E
& H.

Amore detailed analysis of value chains requires the separation of regional value chain
contributions from global value chain contributions, therefore we divide TVCI into two
components RVCI and GVCI and specify an alternative model as below:

GVAi,c,t1 = a+ b0GVAi,c,t0 + b1RVCIi,c,t0 + b2GVCIi,c,t0 + b3Nc,t0 + b4Ri,c,t0

+ 1i,t1 (6)

where RVCIi,c,t0 and GVCIi,c,t0 are the Regional Value Chain Importance (RVCI) and the
Global Value Chain Importance (GVCI) respectively in region i, belonging to country c,
during t0. Again, TVCIi,c,t0 = RVCIi,c,t0 + GVCIi,c,t0 . Measuring value chain importance at
three different levels sheds light on the effect of regionalization as opposed to globaliza-
tion and provides further comments on how re-configuring value chains may affect econ-
omic performance.

Table 2 shows the summary statistics of the variables whereas Appendix A shows the
data sources and further information on these variables.

Table 3 highlights some interesting insights; the strong negative correlation between
RVCI and GVCI, suggests that a region may either rely on regional or global trade links.
Furthermore, Table 3 also presents three variables that have not been discussed in the
model specification. Agriculture, manufacturing and service share. Sectoral specification
has been explored as it is suggested by literature (Groot et al. 2011) that some sectors may
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be more affected by economic cycles than others. However, as seen in Table 3 manufac-
turing and service sectoral share and our variables of interest; TVCI, GVCI are highly
correlated. To avoid multicollinearity issues these variables are omitted from the
regression presented above (Equation 5 & 6).

4. Results

To understand the association between TVCI and per capita GVA growth at regional
level, first, we plot Figure 2. Here, we compare the relationship between the two variables
at different points in time, between the first year of the crisis (2008) and the last year of
our analysis (2018). Figure 2 demonstrates that even though regions relying more on
GVC for the generation of value-added experienced greater shocks during the crisis,
they also experienced higher growth post-crisis.

We estimate equation (5) with a set of linear regression models. Table 4 presents the
results of the regressions. Column (1) shows the baseline model with only controls,
column (2) shows the relationship between our dependent variable, the average real
growth rates of regional gross value-added after the crisis (GVA T1) and our variable
of interest, the crisis period TVCI (TVCI T0), by controlling for the average real
growth rates of regional gross value-added (GVA T0) and the national level macroeco-
nomic variables. Column (3) includes the regional factors, while column (4) includes
the EU dummies.

Across the various specifications, the positive and significant Total Value Chain
Importance (TVCI) variable reflects the importance of being embedded in GVCs for
regional GVA growth after the crisis. That is, there is a positive relationship between
the long-term economic growth of EU24 regions and their value chain embeddedness
measured by TVCI. This means that a 1 percentage point increase of TVCI (i.e. the
ratio of total value chain income to GDP) during the crisis predicts a 0.056 percentage
point increase in the average annual growth rate of regional GVA/capita post-crisis,
ceteris paribus. Most importantly, crisis-time regional GVA per capita has the most con-
sistent positive effect on post-crisis growth across all specification. This suggests that
regions that had high growth rate during the crisis, continued to grow post-crisis.

Table 2. Summary statistics of the variables.
VARIABLES N Mean SD Min Max

TVCI T0 248 0.171 0.0602 0.0326 0.316
GVCI T0 248 0.161 0.0603 0.0324 0.306
RVCI T0 248 0.0102 0.0267 5.09e-05 0.161
GVA growth T0 226 0.954 0.0987 0.622 1.310
GVA/capita T0 211 0.024254 0.011523 0.00533 0.088589
Education T0 239 0.248803 0.080827 0.080667 0.544731
Capital T0 248 0.510065 0.10546 0.289838 0.876048
Agri share T0 248 0.0452 0.0349 0.00306 0.227
Manu share T0 248 0.314 0.124 0.0408 0.595
Service share T0 248 0.640 0.120 0.355 0.940
FDI T0 248 0.00513 0.039997 −0.45889 0.073971
Debt T0 248 0.707354 0.253549 0.061 1.278667
EU15 248 0.835 0.372 0 1
Eurozone 248 0.681 0.467 0 1
Objective 1 248 0.238 0.427 0 1
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Table 3. Correlation of the variables.
Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1) TVCI T0 1.000
(2) GVCI T0 0.902 1.000
(3) RVCI T0 0.217 −0.226 1.000
(4) GVA growth T0 −0.343 −0.288 −0.114 1.000
(5) GVA/cap T0 −0.004 −0.106 0.223 −0.128 1.000
(6) Education T0 −0.171 −0.154 −0.038 −0.281 0.499 1.000
(7) Capital T0 0.136 0.092 0.097 0.166 −0.288 −0.366 1.000
(8) Agri share T0 −0.218 −0.282 0.144 0.221 −0.345 −0.372 0.299 1.000
(9) Manu share T0 0.750 0.707 0.094 −0.188 −0.134 −0.305 0.116 −0.251 1.000
(10) Servi share T0 −0.711 −0.648 −0.139 0.129 0.246 0.411 −0.207 −0.032 −0.960 1.000
(11) FDI T0 0.010 0.039 −0.064 0.232 0.131 0.087 −0.151 0.064 0.072 −0.093 1.000
(12) Debt T0 −0.226 −0.292 0.151 0.589 −0.004 −0.329 0.112 0.029 −0.049 0.042 0.007 1.000
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However, no inference can be drawn regarding convergence, as it is possible that high-
growing regions are experiencing this growth as they have more room to grow. Crisis-
period national control of debt and FDI show the expected relationship; the less debt

Table 4. Regression results with country level clustered standard errors.

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

Baseline model National controls +Regional controls + EU dummies

TVCI T0 0.0815*** 0.0707*** 0.0558***
(0.0199) (0.0229) (0.0188)

GVA growth T0 0.124*** 0.153*** 0.143*** 0.138***
(0.0186) (0.0205) (0.0226) (0.0209)

FDI T0 0.0949*** 0.0657*** 0.0791*** 0.0799***
(0.0223) (0.0168) (0.0167) (0.0202)

Debt T0 −0.0147** −0.0105* −0.0117* −0.0140**
(0.00565) (0.00604) (0.00620) (0.00582)

Education T0 −0.0274** −0.0137 −0.0169
(0.0119) (0.0135) (0.0117)

Capital T0 0.00913 0.0196 0.0109
(0.0120) (0.0141) (0.0102)

EU15 −0.00818 −0.00564
(0.00577) (0.00607)

Eurozone 0.00994*** 0.00813***
(0.00321) (0.00277)

Objective 1 −0.00391 −0.00300
(0.00341) (0.00360)

Constant 0.893*** 0.845*** 0.850*** 0.864***
(0.0159) (0.0212) (0.0219) (0.0189)

Observations 218 218 218 218
R2 0.581 0.559 0.575 0.606
Country FE NO NO NO NO

Clustered standard errors in parentheses.
*** p < 0.01, ** p < 0.05, * p < 0.1.

Figure 2. Correlation between TVCI and GVA with regression line.
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a country has the higher the GVA growth of its regions and higher FDI net balance is
associated with higher growth. A likely explanation of this is that countries with high
levels of debt during the crisis, were more likely to introduce stricter austerity measures
that would slow down growth (Ostry, Loungani, and Furceri 2016). Education and
capital have no significant association with growth, even though the baseline model indi-
cates some negative relationship between education and GVA growth. Finally, only being
in the Eurozone shows statistically significant positive relation to growth among the EU
related variables. Being an original member of the EU or having been an Objective 1
region are not statistically significant. Comparing the goodness of fit of the baseline
model (1) and column (4) highlights that the controls already explain a large variance
of the independent variable, however including the TVCI measure further adds explana-
tory power.

Secondly, we aim to break down which connections generate the most value-added,
whether those from regional or global value chains and which are associated with
long-term recovery. Table 5 presents the results obtained when the value-added contri-
bution is originating from within the EU (RVCI), or instead is international, i.e. from
outside of the EU (GVCI). A larger statistically significant GVCI, compared to a RVCI
would indicate that regions with stronger international connections achieve higher
GVA growth in the long term. Across all columns (2–4), we see that GVCI is statistically
significant in explaining GVA growth, while RVCI loses both significance and strength
when all the controls are included (column 4). This indicates that not all value chains
matter equally, instead international connections are the main driver behind fostering

Table 5. Regression results with country level clustered standard errors 2.

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

Baseline model National controls +Regional controls + EU dummies

GVCI T0 0.0798*** 0.0691*** 0.0564***
(0.0197) (0.0239) (0.0185)

RVCI T0 0.0995** 0.0856** 0.0482*
(0.0357) (0.0317) (0.0253)

GVA growth T0 0.124*** 0.154*** 0.145*** 0.137***
(0.0186) (0.0213) (0.0231) (0.0213)

FDI T0 0.0949*** 0.0655*** 0.0789*** 0.0796***
(0.0223) (0.0171) (0.0169) (0.0204)

Debt T0 −0.0147** −0.0112 −0.0123* −0.0138**
(0.00565) (0.00672) (0.00670) (0.00585)

Education T0 −0.0274** −0.0142 −0.0170
(0.0119) (0.0133) (0.0117)

Capital T0 0.00913 0.0191 0.0113
(0.0120) (0.0141) (0.0102)

EU15 −0.00818 −0.00553
(0.00577) (0.00606)

Eurozone 0.00994*** 0.00820***
(0.00321) (0.00281)

Objective 1 −0.00391 −0.00306
(0.00341) (0.00358)

Constant 0.893*** 0.844*** 0.850*** 0.865***
(0.0159) (0.0215) (0.0221) (0.0191)

Observations 218 218 218 218
R2 0.581 0.559 0.575 0.606
Country FE NO NO NO NO

Clustered standard errors in parentheses.
***p < 0.01; **p < 0.05; *p < 0.1.
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the growth of regional Gross Value Added. As in the first set of regressions presented in
Table 4, we still find a positive relation between crisis-level GVA growth, FDI and using
the euro and post-crisis GVA growth, while the relationship between debt and growth is
negative.

The regression results with the sub-set of regions excluding those in the UK are pre-
sented in Appendix E & H and highlight the non-significant relationship between level
GVA/capita during the crisis and post-crisis growth. Furthermore, as a robustness
check for spatial effect, we use country fixed effect in the additional models, that result
in the emittance of the national level variables. Despite of the insignificant results of
GVA/capita, we can confirm that TVCI and GVCI are both positively correlated with
growth, similarly to GVA/growth. Suggesting that changing the control on initial econ-
omic conditions does not affect our understanding of the variables in question.

We carry out a set of robustness checks on the results of Tables 4 and 5. We estimate
two additional sets of robust OLS regressions, where we include country fixed effects to
understand spatial dependencies. The results of these regressions are shown in Section D
and G of the Appendix and show consistent results for our variables of interest. The
robustness checks confirm a similar magnitude, positive relationship between TVCI,
GVCI and regional economic growth.

The last set of robustness checks considers the link between pre-crisis conditions on
the long term development of regions. This check is in line with literature on resilience
(e.g. Crescenzi, Luca, and Milio 2016; Giannakis and Bruggeman 2017 Lane and Milesi-
Ferretti 2011) that consider how conditions prior to the crisis may affect resilience. In this
model we use the 3-year average (2004–2006) of pre-crisis (T-1) VCI measures and con-
trols (T-1). The results (shown in Appendix F & I) are consistent with those in Tables 4
and 5 show a statistically significant and positive relation between TVCI, GVCI and
GVA/growth in the long-run. However, due to data availability, the sample size is
smaller.

Finally, in addition to controlling for spatial effect, the role of spatial spillovers is
examined on GVA growth. The spatial autoregressive models show an insignificant
effect for the spatial lag and little change of the variables of interest.2 The Moran’s test
is shown in Appendix J, highlighting that we cannot reject the hypothesis that errors
are independent and identically distributed.

5. Discussion and conclusion

In this paper, we examine the link between value chain importance – a measure of the
degree of embeddedness of a sub-national region in global and/or regional value
chains – and regional economic growth measured in terms of per capita GVA growth.
We do so by controlling for the national and regional factors that correlate with the
gross value-added growth of a region.

In order to shed light on how being embedded in value chains may aid recovery, we
generate three value chain importance measures following IJtsma and Los (2020), that
measure how much of the value-added generated within a region can be accounted by
different value chains. The three measures differentiate between the value-added contri-
bution from the European Union (RVCI), non-European Union (GVCI), as well as a
total value-added contribution (TVCI). The three value chain importance measures
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highlight in more granular detail, how participation in value chains is connected to long-
term economic recovery and whether regional or global chains are more important for
this purpose. To analyze the link between GVA growth and value chain importance in
226 NUTS2 regions of the EU24 we apply a linear regression model with country level
clustered standard errors, that controls for regional and national macro-economic
factors. We find that regions with higher value chain importance during the crisis had
a higher average GVA growth in the 2011–2018 post-crisis period. We also find a stat-
istically significant positive association between crisis period GVA growth, FDI and
using the euro while government gross debt has a negative relation with the dependent
variable. Only GVCI has a significant positive link with GVA growth, while RVCI shows
no robust relationship across the various models.

Our results provide three take-away messages regarding the impact of GVCs on the
long-term recovery of regions. First, regions that are more embedded in value chains
suffer more from the magnified bullwhip effect along the chain and hence have small
resistance. We can see this from the negative slope of GVA growth and TVCI. The
higher the TVCI the lower the GVA growth was in 2008. This suggests the small resist-
ance of GVCs immediately following a shock.

Secondly, however these same regions that had a high TVCI during the crisis also
experience a stronger recovery in the long-run. The evolutionary resilience approach
may provide possible explanations with regards to these results. As described by
Martin (2012), there are various inter-dependent factors of resilience, two of which we
have not directly measured in this study; re-orientation and renewal. Since these
factors are related to path-dependence, being more embedded into GVCs, means
more available connections and the more extensive and more type of links are available,
the more options a region has in re-orienting and renewing themselves.

Lastly, we find that only global links are important for long-term regional economic
recovery, suggesting that the main driver behind the Value Chain Importance measure
are global connections as opposed to regional ones. This finding contributes to the
debate on regionalization, de-globalization and resilience. De-globalization – conceptu-
alized in terms of being the least embedded in GVCs – has in our results a negative
association with GVA growth. Furthermore, our results also show that regional value
chains have no statistically significant relationship to GVA growth. This suggests that
while the regionalization of supply chains may not affect growth negatively, it may
also not contribute positively to GVA growth. It also illustrates that having only regional
(as compared to global) connections may not be more economically beneficial.

The findings of this paper contribute to the debates on the role of GVCs sparked by the
2008 GFC and more recently fueled by the COVID-19 pandemic, geo-political tensions
such as Brexit and the US–China trade war and the environmental emergency. In the face
of the COVID-19 crisis, popular media echoed the heard-before narrative of snapping
supply chains (O’Leary 2020), that will bring the end of globalization as we know it
(Farrell and Newman 2020). These claims resurge at the time of crisis, when GVCs
are at their most vulnerable point, but they often fail to incorporate longer-term con-
siderations and address other inter-connected elements of resilience, recovery, re-orien-
tation and renewal.

Further research on this topic would be welcome. We suggest here some possible
avenues for future research which are important but beyond the scope of this paper.
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In this paper we focus on the GVA growth of EU regions and cannot comment on how
these findings may differ for non-EU regions. Furthermore, the type of data used in this
study does not allow us to comment on how the positioning of a region in GVCs may
affect its growth. For example, Crescenzi et al. (2014) in their analysis of FDI location
decisions identify different value chain stages. In their work and in the GVC framework
manufacturing is seen as one of many stages in a value chain that brings a product from
its conception to end use and beyond. Some stages upstream (e.g. R&D) and downstream
(e.g. marketing) are seen to add more value than others, such as manufacturing and
assembly. This is important for individual firms, which can upgrade by moving
towards stages of the value chain with higher value added within the same sector (func-
tional upgrading) or across sectors (sectoral upgrading) (Humphrey and Schmitz 2002);
and for individual countries that may remain locked in low value adding activities
(Gibbon and Ponte 2005). It would be interesting to incorporate this in the analysis of
how regions’ participation in value chains affect their growth, but the regional trade data-
sets currently available don’t allow to distinguish across different stages of the value
chain.

Notes

1. To avoid inflation bias we calculate proportional measures from the EUREGIO data.
2. These test are not included in the Appendix but are available on request.
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