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Brief introduction on global value chains

A formal definition for a global value chain (GVC) by Antras, (2020):
“A set of production activities fragmented across the world that add value to the development of a good or
a service, and each of the firms participating in the production network are engaged in at least one stage”
* And by Timmer (2013): “all activities directly and indirectly required to produce a final
manufactured product”

* Firms, sectors, and at the aggregate level countries participate in GVCs based on their
perceived comparative advantages to maximize their value-added (VA) gains

* Trade in GVCs is different from traditional trade: It relates to trade in intermediates while
traditional trade focuses on final products

 Successive rounds of trade liberalization and rapid ICT advancements have paved the way for
a deepening in GVC activities in the late 1990’s and early 2000’s (Antras, 2020; World Bank,
2020) = account for % of all trade activities (World Bank, 2020).




Background & motivation for this study

 To this point, the focus of the empirical literature on GVCs is on the many different approaches for the mapping of
participation in GVCs and the related gains for firms/countries.

* GVC positioning and participation patterns have been extensively considered for the comparative assessment of
national economic performance (Gereffi, 1999).

e GVC participation can enhance productivity through access to foreign inputs, knowledge spillovers, competition effects,
and learning opportunities (Criscuolo and Timmis, 2017).

* Most metrics identify some proportion of value-added (VA) that is embodied in the exported goods and services that
are then used as intermediate inputs for production abroad.

* Early work of Hummels et al. (2001) for vertical specialization, Johson and Noguera’s (2012) VAX-ratio and the more recent and detailed
frameworks of Koopman et al. (2014) and Borin and Mancini (2023)

 However, the sub-national dimension of GVC participation and positioning has been comparatively underexplored
(some interesting exceptions, among others: Colozza et al. (2021), and Bolea et al. (2022)).

* This can partly be explained by the chronic and persistent lack of reliable regional data (Miller and Blair (2009)
* The countries that join GVCs and pursue an optimal positioning along each value chain are not homogenous entities.

* Much of the total national VA is heavily localized at the subnational level, and also regions are often well placed to
develop the micro specialisms that enable effective repositioning along the value chain (Crescenzi & Harman, 2023).



Regional-level value chain analysis is particularly important for
Europe

* In Europe, centuries of socio-political turmoil and many successive industrialization waves have formed a
highly diverse economic landscape of dense centers of economic and innovation activity and of stagnant

peripheral regions.

» Studying and tackling these regional inequalities has been solidly placed in EU development agendas to:

* 1. “strengthening social, economic and territorial cohesion, and reducing regional disparities is the main goal of EU cohesion
policy” (EC, 2019).

» 2. close the earlier ‘competitiveness gaps’ with other regions of the world (Gardiner at al. 2012)

* In the heart of the trade and economic dimensions of these regional disparities lie two opposing forces for
firms and sectors that wish to expand the scope of their activities:
* the desire to embed themselves in highly sophisticated production chains, often found in specialized clusters abroad,

* and the relative attractiveness of local production partners that is favored by spatial supplier-buyer proximities.



Aim

* This working paper attempts to tackle certain international trade-related extensions of
this missing dimension by:

 A. developing a framework that:
1. measures sub-national regional participation in GVCs

2. differentiates between the VA that is domestically absorbed in other regions of the same country from its
own region of origin

3. allows for the simultaneous estimation of both regional and international GVC components

(It must also have some other properties: (exactness, applicability, base-data and symmetry invariance)

* B. mapping and investigating the regional trends and patterns of GVC participation

 C. formulating an preliminary econometric model that investigates the effects of the
various types/modes of GVC participation on regional labor productivity, through an
extended production function framework.



Methodology

* We develop a three-stage empirical strategy:
a) Development of a modified VA decomposition framework
b) Application in regional I-O data and formulation of DVC and GVC indicators
c) Using the resulting data to study regional GVC patterns and trends

. :O Data ?ource: EUREGIO (Thissen et al. 2018) Inter-Country Inter-Regional Input-Output Tables
ICIR-1OTs

* The resulting dataset describes GVC participation and VA flows for 14 industries in 246
EU-25 NUTS-2 regions, plus country-level data for Bulgaria, Romania and other key extra-
EU trading partners (total of 41 countries) for 2000-2010

* This period coincides with rapid shifts in world trade and the rapid expansion of GVCs,
(WTO, 2013).
* |t also allows the study of disruptions of global Eroduction activity due to the 2008 economic crisis

and the propagation of adverse shocks through borders, as GVCs can act as channels for
transmitting economic downturns (Baldwin, 2009).



A decomposition framework for different types and modes of

GVC participation

Metrics based on VA content of exports (Koopman et al. 2014)
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Decomposition framework derivation (1)

General form of av IRIC-IOT with N countries, R regions and K economic sectors per country/region:
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obtained as usual (A = XY~1, where Y is a square
zero matrix with the values of Y in its diagonal)

* The global Leontief matrix (total requirements) can
also directly obtained: (I — A)~1 = L (I is a unit
matrix of matching dimensions).

* The global vector of direct VA coefficients similarly
isV =vAY L



Decomposition framework derivation (2)

* In this stage, the framework of Wang et al. (2022) would isolate the domestic and foreign components of production
and final demand and use them to decompose total VA by production stage and GVC activity type.

 This is not possible in an IRIC-IOT: each country’s domestic production and final demand extends beyond the diagonal
blocks; the required symmetry is violated for every country that the IRIC-IOT provides regional information

* The first step of our framework: create a vector of Ien%th N, with each element containing the count of sub-
national regions available in each of the N countries: € = [C; C, ... Cy ].

* |ts elements are used to construct the non-symmetrical national block matrices of domestic intermediate
flows and final demand:

X,1 [0] [0O] [0] Fi; [0] [0] [0] T

0] X;, Xi3 [0] 0 Fy, Fy3 [0]

« X°14t =1 0] X3, X33 [0] and F°"* =|¢o F 32 F33 [0]
N B N Jol\ o )\

* The national-domestic diagonal blocks are composite square matrices of total dimensions C;K each. The dimensions of
each zero sub-matrix ([0]) are adjusted to preserve the overall KRN dimension of the entire square matrix as long as the

diagonal blocks are correctly sized.



Decomposition framework derivation (3)

* Accordingly, the regional-domestic intermediate flows are the fully symmetrical versions of the above (each regional-domestic matrix

placed in the diagonal of the composite matrix, equally sized zero matrices everywhere else).
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The intermediate flows and final demand that exist outside all regions of each country are the differences of the domestic from the

global matrices:

XEFnat — y __ XD,nat’ FFnat — g _ pbnat (3)

Then, both the regional-domestic and the national-domestic matrices of direct and total requirements can be estimated:

AD,reg

AD,nat S

— XDregy-1

Dnaty-—1
X Yoo

LD,reg N (I S AD,reg)—1(4a)

LD,nat S (I S AD,nat)—l (4b)

Accordingly, the extra-national direct requirements are A7"4t = 4 — gAPnat,



Decomposition framework derivation (3)

With the above formulation, the VA that is embodied (EVA) in intermediate flows that originate from a specific sub-
national region and is used (both directly and indirectly) to meet final demand within the same region is contained in
the matrix:

?LD,reg F-D,reg (5)

Similarly, the EVA in intermediate flows that originate from all sub-national regions and is used (both directly and
indirectly) to meet national final demand within all other regions of the same country is contained in the matrix:

yLPnatEbnat () “domestic” VC (DVC) activity

Both these terms refer to intra-national economic activity and are derived from the intermediate and final flows that
may cross regional borders but not national borders, i.e., they measure domestic value chains. To account for EVA in
international trade in final goods (traditional trade), we need the domestic national components of production and final
demand abroad:

ﬁLD,nat i;‘vF,nat (7)



Decomposition framework derivation (4)

The estimation of the EVA that is directed outside the country and then is converted abroad into final
products that are immediately used to meet local demand involves the domestic total requirements and the

direct requirements for production abroad:

1 Dnat gF.natj D,nat pD,nat (8) “simple” GVC activity

The EVA that is directed outside the country and then is converted abroad into final or intermediate products
that are then re-exported to meet intermediate or final demand in a third country is:

?LD,natAF,nat (L? H LD,natﬁvD,nat) (9) ”complex” GVC activity



Decomposition framework derivation (5)

Since the total VA can be expanded as VLF, the above terms provide a simultaneous decomposition of the
total EVA in all the transactions between sectors, countries, and regions into regional-domestic, national-

domestic, traditional-trade, simple and complex GVC activities:

I’)Li;‘- i I’}LD,reg i;‘-D,reg + (I’}LD,nati;‘-D,nat S I’}LD,reg ﬁ-D,reg) + [’}LD,natﬁ-F,nat +
VLD,natAF,nat LD,natﬁvD,nat + [’}LD,natAF,nat (L? S LD,natﬁ-D,nat) (10)



Overview: A new regional decomposition framework for different
types and modes of domestic and international VC participation
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Formulation of GVC participation indexes

GVC participation indexes and related measures can be calculated from appropriate summation operations. More specifically, by summing each matrix-
component of eq. 10 row-wise (all columns), the distribution of the total EVA in each stage of use in the value chain is obtained:

vAa = VD,reg + VD,nat + VTR + VGVCS + VGVCC (11)

Accordingly, by summing each matrix-components of eq. 10 column-wise (all rows), the distribution of the EVA in each production stage of the value
chain is obtained:

U = UD,reg + UD,nat + UTR + UGVCS 3 UGVCC(lz)

Indexes for the forward and backward participation of each region-sector in GVCs: isolating VA component and diving with total VA to obtain Wang et.
al’s user/producer GVC participation indexes. Total/individual components of forward GVC participation for the k sector of the r region of the n country
are:

GVCg VGVCC GVC

GVCFW S nk,r + nk,r N nk,r 13
&K VAn,k,r VAn,k,r VAn,k,r( )

The backward GVC participation indexes for the k sector of the r region of the n country are calculated from the VA that which is embedded in its final
products and originates from all its supplier sectors/regions/countries:

GVCg UGVCC GVC

Bk _ nkr nkr nk,r
GVCnpr = U + U Ny (14)
nk,r nk,r nk,r
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Results and discussion — Case study 1a: Relative shifts in each GVC

participation type for the total available timeframe
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» Upwards shift towards more intensive GVC embedment for both types
* Most regions form clusters of similar GVC deepening at the +20%/+20% area.
* More profound deepening for backward rather than forward participation in GVCs.
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Results and discussion — Case study 1b: Mapping the evolution of
total forward and backward regional GVC participation

7.6%

39%

>,
)

H

e

2000-FWD

2000-BCK

6.7%

6.1%

50.5%

2010-FWD

2010-BCK

Changes in forwards GVC participation are slight and do not alter the overall pattern of
some key central and Scandinavian countries and of a lagging EU periphery.

German and Polish regions emerge -> strengthening of economic and manufacturing ties
Baltics outperform expectations -> sudden opening to world trade after their departure
from the soviet union.

Gradual disengagement of European south from incorporating FVA in their domestic
consumption - but this is not uniform.

* some regions exhibit lower backward GVC shares (mainly in Spain), some others
(such as in France and central-northern ltaly) strengthen their dependance on
shared manufacturing activities.

* At the same time, some other very different regions move in the same direction,
mainly from Germany, Poland, and Scandinavia.

Overall, many regions exhibit deepening in both types, hinting that participation in GVCs
is a two-way process, but the fact that the backward participation is higher shows the
orientation of this process.

Interesting dichotomy: some regions with a strong production base and trade relations
might incorporate more foreign value added due to their embedment in highly
sophisticated production chains with many suppliers, some others might de-industrialize
to the point that their domestic consumption relies on foreign, lower-complexity
products and services.
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Results and discussion — Case study 2a: Evolution of the

composition of the total VA from all European regions \

6000000 ; N
* The overall upwards trend is slowed and partially reversed by

the onset of the 2008 economic crisis, but it seems to regain

momentum quickly.
5000000

* the vastly largest share originates from production activities
within national borders (dark blue and orange regions).

4000000 * The largest share is even more localized, as it does not cross the

borders of the sub-national region where it is produced (V°7¢9,
dark blue bottom area).

V)

= 3000000 * A comparatively small share of VA is used by other regions within
the same country as the originating regions (V2%t), hinting at the
existence of strong regional industrial clusters.
2000000
* The participation in domestic VCs outside the producing region
is significantly less than the combined participation in GVCs
1000000

(simple and complex, V¢V¢s and V¢V Cc respectively).

* -> apart from local clusters, there also exist significant parts of the
economy that are more likely to cooperate with foreign than

O . .
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 domestic extra-regional partners. S

mV_dom_r mMV_dom_c MmV_trtrade V_.GVC.S mV_GVC_C mMV_rim NI T {UIA



Results and discussion — Case study 2b: Evolution of DVC
participation from all European regions

2000

2001

2002

2003

bvC

2004

Trad. Trade

2005

2006

GVC smp.

2007 2008

GVC comp.

2009

2010

More nuanced approach for the formation of national and
regional value chains than the net values .

Intra-national production chians are the dominant paradigm.
* But in the volatile years after the crisis it converges with simple GVC

activities

“traditional” trade in ready-made final goods mirrors the evolution of
simple GVC activities, until it slightly subsides below them - a major
turning point for regional trade in Europe.

complex GVCs remains low in comparison but trends upwards after
traditional trade and simple GVCs diverge.

immediately after the crisis, domestic production is
strengthened and complex GVC activity moves fast in the
opposite direction, while the other components remain
relatively stable.

* Economic uncertainty pushes regional production inwards

* GVCs also act as propagators of negative economic shocks (Baldwin,
2009).



Results and discussion — Case study 3: Evolution of the sectoral
breakdown of VA from all EU regions involved in forward GVC pt.

100%

* While some sectors exhibit the expected low
shares (such as the hotel and restaurant
industry), the largest share of VA sent abroad
for GVC purposes mostly comes from
business services.

90%
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* Transport activities and logistics along with
retail/wholesale trade and Real-estate/rest of
business services account for more than a
third of all VA exported for GVC activities.

* -> increasing servicification of manufacturing
(Miroudot and Cadestin, 2017) and boarder de-
industrialization patterns of Europe, whose focus on

10% services (Rodrik, 2013) has been the subject of much
debate regarding its industrial policy planning.
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Results and discussion — Case study 4: Regional shares of VA
involved in forward GVC pt. for Greece
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* Three different time periods: -start - end of
coverage, and the year before the onset of the 2008
crisis.

* The regional inequalities in Greece are well-known;
almost 40% of the population and 50% of the GDP
are concentrated in Attica.

* What is interesting is that this economic
concentration seems to have enabled Attica not only
to increase its total GVC share more than 10% in 10
years, but also to not be affected by the onset of the
crisis.

* All other regions either remained stagnant or gradually
contributed less to the total national GVC VA exports.



Results and discussion — Case study 5: Regional components of
Europe’s FBT exported VA for fwd. GVC participation

Schleswig-Halstein

73.41

Hamburg
67.39

oo * National and regional contribution to European FBT sector’s
exported VA for GVC activities shows profound imbalances.
=L * The top 5 countries (DE, NL, FR, the UK and IT) account for 64.5%
- of all exported VA
e » With our framework we can peer behind national aggregation
effects: there are important differences in regional composition
P of exported VA:
* Germany’s top 5 regions account for about 40% of its contribution, but
1 e the top 5 regions of the Netherlands contribute about 69% of its total
contribution.
ST « The homogeneity of regional production capabilities and
“r international business horizon of their firms differs significantly
A N T between otherwise similar economies with vast expertise in FBT
activities.
- * Not all regions are sector-specific -> quantifying these differences

sheds light on the underlying economic structures.

Other Other IT
1,889.81 161.35



Model specifications

» Extended production function (PF) [common in GVC approaches (e.g., Constantinescu et al., 2019; Dimas et al., 2024) and labor
regional productivity studies (Tsiapa, 2023)] from the Cobb-Douglas PF:

S Y 16
Qrt = AreKp bt

Qrt is VA produced in region r at time t, L. and K ; are the labor and capital inputs used in the same region, and A is the technical
progress (TPr) factor.

We consider TPr a function of technology- and trade- related factors (region-level GVC-pt and patent applications), following
Constantinescu et al. (2019), Dimas et al. (2024) in the tradition of the innovation production function framework (Crépon et al.,
1998) and the Kaldorian approach on the importance of innovation for growth (Kaldor, 1957; Tsiapa, 2023).

Under the assumption of constant returns to scale, we divide both sides by labor and log-linearize:

S GVC GvC 1,KBC 1,TANnoicT 1,ICT
Xi.t_( i,t—1’ i,t—l'kit ’kit 'kit

* Notes:

* GVC pt. indicators are lagged by one period, as gains from GVC-pt are not instantaneous (Tsakanikas et al., 2022;
Constantinescu et al., 2019) and to tackle potential simultaneity bias.

* Country & time fixed effects are included to account for unobserved country and time-specific factors.

» Estimation strategy: fixed effects (FE) estimators with (region) cluster-robust standard errors



Detailed list of
variables included
in the model

L

Labor productivity. The ratio of regional value-added relative to per no. of EUREGIO and Eurostat

employees (log).

The share of FVA in gross exports relative to the VA of each region (log — lagged by
one period).

The share of FVA that derives from simple GVC activities in gross exports, relative to
the VA of each region sector (log — lagged by one period).

The share of FVA that derives from complex GVC activities in gross exports, relative
to the VA of each region (log — lagged by one period).

The share of DVA in partner gross exports relative to the VA of each region (log —
lagged by one period).

The share of DVA in partner gross exports for simple GVC activities, relative to the
VA of each region (log — lagged by one period).

The share of DVA in partner gross exports for complex GVC activities, relative to the
VA of each region (log — lagged by one period).

No. of patents application to EPO from each region per no. of employees for
each region (log).

GFCF capital stock per no. of employees for each region (log).

calculations)

EUREGIO (own calculations)

EUREGIO (own calculations)

EUREGIO (own calculations)

EUREGIO (own calculations)

EUREGIO (own calculations)

EUREGIO (own calculations)

Eurostat

Eurostat

(own
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Econometric results

Table 1: Determinants of regional productivity

guc_b, la

gvc_b_s, lag

gvc_b_c, la

guc_f, lag

vc_f_s, lag

guc_f _c, lag

pat_e, lag

Time FE

Observations

Q
0Q
|
0Q ~
-
0q
O 0q

I 7 T NN NV 7 N T
k

0.148™ 0.178™" 0.174™ 0.142™* 0.162**" 0.151™*
(0.037) (0.036) (0.039) (0.037) (0.038) (0.036)
-0.149™* -0.183™"
(0.043) (0.040)
-0.497"" -0.469™"
(0.084) (0.088)
0.270™*" 0.254™"
(0.057) (0.069)
0.111* 0.138™"
(0.053) (0.052)
-0.222™" -0.226™*
(0.091) (0.077)
0.332™* 0.218™"
(0.067) (0.046)
0.043™ 0.035™*" 0.039" 0.035™** 0.039"*" 0.033"*
(0.007) (0.007) (0.007) (0.007) (0.007) (0.006)
2.214™ 1.961"" 2.580"*" 2.957°* 2.357"" 2.201™
(0.166) (0.190) (0.172) (0.161) (0.185) (0.224)
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
1860 1860 1860 1860 1860 1860
200 200 200 200 200 200
0.575 0.471 0.508 0.369 0.578 0.372

Notes: All variables in natural log.

UK regions excluded due to data unavailability regarding their capital formation

the link between GVC-pt / LP is not uniform.

the various theoretical merits of GVC participation on LP
are only evident for fw. Pt.

Negative link between backward participation in GVCs
and labor productivity.

* Somewhat surprising. Contradicts various
theoretical mechanisms for beneficial linkages with
upstream foreign suppliers (access to foreign inputs,
knowledge transfer).

* simple GVC activities negatively associated with LP.
(maybe low gains for regions that enter short
production chains and/or specialize in standardized,
low-VA activities?).

complex participation in GVCs, either backward or
forward, is positively related to LP.
v' complex and multi-staged GVCs = higher LP gains
(learning opportunities, production standards
conformities and knowledge transfer

positive effect associated to forward participation reflects
its complex sub-part - productivity benefits of being a
capable supplier.

Capital stock and patents present expected signs and are
be positively related to LP (Tsiapa, 2023).
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Key take-away points

* DVCs and GVCs participation contains underlying diverse trajectories, diverging sectoral dynamics, and of
course regional disparities.

* Increased regional engagement and deeper integration within GVCs (both backward and forward pt), with
significant clustering, particularly in terms of backward GVC-pt.

* The differences among regions in the direction of their GVC-pt. might indicate either strengthening
participation due to economic and manufacturing growth, or negative shifts in domestic industrial activity.

* DVCs pt. is notably less emergent than in GVCs - strong regional industrial clusters and large parts of the
economy more inclined to cooperate with foreign partners over inter/inta-regional oner

* Many of the current perceptions/ taxonomies around GVCs (“head-quarters vs factories” /“hub-and-
spoke” /”innovators and followers”) may not be applicable sub-nationally = result of the focused capacity of a
few select regions interacting with each other.

e Manufacturing and various business services are the main share of VA exported to GVCs - increasing
servicification of manufacturing that should be part of the debate on Europe's industrial policy planning and de-
industrialization patterns.

* While the emergence of shared manufacturing networks presents significant economic opportunity, its benefits
may pre-suppose certain regional economic capacities.

* Heterogenous link between GVC participation and LP.

 positive link for forward GVC participation and cases of complex participation activities, irrespective of their direction, which
reflect the benefits of participating in complex production networks and hint towards a prevailing specialization in upstream, more
knowledge-intensive activities as a beneficial factor for higher LP in European regions.



Limitations

Next steps

* Data coverage (ends in 2010)

* But not a limitation of the framework itself,
which can readily be applied to any inter-
regional inter-national 10T

* The usual i-o analysis constraints (single
product per industry, no scale effects etc.)

* Investigate the spatial effects

» Extend the framework with the origin
dimension of VA GVC/DVC inputs

e Examine the crossover with regional
diversification/relatedness



Direct access to the data

Stamopoulos, Dimitrios; Dimas, Petros (2024), “The European

Regional Specialization and Value Chains Participation Database
(EU-RESVC)”, Mendeley Data, V1,

https://doi.org/10.17632/t9r5sy5wy5.1



https://doi.org/10.17632/t9r5sy5wy5.1
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