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Motivation

Many different measures of international production
fragmentation present in the literature (e.g. offshoring indices,
export decomposition, global import intensity, measures of
relative industry position in the production chain)

Each of them describes different aspect of complex structure
of international production fragmentation.

Are these measures strongly correlated? Do the obtained
results of fragmentation impact on labour market depend on a
choice of a measure?
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Wages response to production fragmentation

Studies of production fragmentation impact on wages:
Baumgarten et al., 2013; Ebenstein et al., 2014; Geishecker &
Gorg, 2013; Hummels et al., 2014; Wolszczak-Derlacz and
Parteka, 2018; Parteka & Wolszczak-Derlacz, 2019

Not only the involvement in production fragmentation is
important, but also the position of a country-sector in the
production chain (e.g. Shen & Silva, 2018; Hagemejer &
Ghodsi, 2017; Wang et al., 2017; Chen, 2017)

’smile’ curve concept - specialisation of countries/industries in
specific production stages (Shih, 1996; WBG, 2017; Aggarwal,
2017; Rungi & Del Prete, 2018; Lang & Tavares, 2018)

Central and Eastern European (CEE) countries - relatively less
described in the literature than e.g. US or EU15
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Data

World Input-Output Database (WIOD), release 2016

EU-SILC database (cross-sectional, ver. 1, August 2016)

2005-2014
10 CEE countries: BG, CZ, EE, HU, LT, LV, PL, RO, SI, SK.
demographic and job characteristics
country-specific Routine Task Intensity (RTI) for occupations
(Lewandowski et al., 2019)
HICP from EUROSTAT (2015=100).
Wage calculation (on EU-SILC data) based on Engel and
Schafer (2012); Schafer and Gottschall (2015).
Hourly earnings (gross hourly wages) calculated using data
about gross annual employee income, number of months
worked during the income reference year and number of hours
worked per week in the main job.
Sample: full-time workers, age 18-65, without armed force
occupations.
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Sample characteristics - summary statistics of micro-level
data

Note: values in an unbalanced sample of 10 CEECs (2005-2014), observations weighted by normalised weights.
Education level: high/medium&low; type of contract: permanent/temporal, sector of employment: NACE rev.1.1 /
NACE rev.2, occupation: 2-digit ISCO-88 / 08 classification.
Source: own elaboration based on EU-SILC
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The import-based measure of offshoring versus Global
Import Intensity

Offit =

N∑
k=1

imp inputsikt

VAit

where i , k = 1, ...,N and:

imp inputsikt denotes the volume of inputs imported from
industry k to industry i in year t

(Feenstra and Hanson, 1999; Hijzen and Swaim, 2007; Castellani et al., 2013)
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Global import intensity
Timmer et al., 2016

M Int
ij = Mtier1

ij + Mtier2
ij + Mtier3

ij + ... = T ∗
[
A[(I − A)−1z ]

]
where :

Mtier n
ij corresponds to imports on nth stage of production

A - matrix of intermediate input requirements

I - identity matrix

z - column vector with 1 for sector i in country j and zeros
elsewhere

T - trade selection matrix

As a ratio of GVC imports to value of a final product, GII can be
interpreted as a dollar amount of imports related to the production
of one dollar in ij .
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The shares of last four import stages (tiers) in GII index,
CEECs, 2014

Notes: mean values over countries, observations weighted by value added. Sample: 10 CEECs Sample: 10 CEECs
(BG, CZ, EE, HU, LT, LV, PL, RO, SI, SK). Industries: A- Agriculture; B - E: Mining, manufacturing and
electricity&water; F - Construction; G - Wholesale, H+J: Transportation and communication;
I - Food& accomodation; K - Financial activities; L-N: Real estate, professional & scientific and administrative
activities; O - Public administration; P - Education; Q - Health; R-U: Other services.
Source: own elaboration based on WIOD (2016)
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Gross export decomposition
Wang, Wei and Zhu, 2013

Gross exports = DVA + RDV + FVA + PDC =

= DVA + RDV + FVA + (FDC︸ ︷︷ ︸
VS

+DDC )

DVA - domestic value added

RVA - returned value added

FVA - foreign value added embodied in exports of final goods
and intermediates

FDC , DDC - pure double counting from foreign / domestic
sources

VS - vertical specialization (import content of exports)



Motivation and background Data Measures of fragmentation Model specification Results Extensions Conclusions

Measures of country-sector position in the production chain

Upstreamness (Fally, 2011; Antras et al., 2012, Hagemejer & Ghodsi, 2016)

U = (I − ∆)−1u

The higher the upstreamness, the further the industry’s position
with respect to the final demand.

Length of GVC (Fally, 2012)

L = (I − M)−1u

The average number of production stages embodied in industry i
production.

U - column vector containing upstreamness values for every country-sector

∆ - matrix of elements δik - output of i used by k as intermediates, divided by output of i

L - column vector containing GVC length values for every country-sector

M - matrix of elements µik - value of intermediates from industry k used to produce one dollar of industry
i output

I identity matrix, u - summation vector
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Upstreamness and GVC length, CEEC vs. Western
European countries, 2014

Notes: mean values over industries, observations weighted by industry value added. CEEC marked as triangles.
Source: own elaboration based on WIOD (2016).
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Correlations between different measures of international
production fragmentation and GVC position

Note: Sample of 10 CEECs, correlations based on values for 2014
Source: own elaboration based on WIOD (2016).
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Model specification

ln wageijct = α+βXit+γProdjct+θUPjct+νUP2
jct−1+Dt+Dj+Dc+εijct

(1)

ln wageijct = α+βXit+γProdjct+θUPjct−1+νUP2
jct−1+µGVCjct−1

+ρGVCjct−1×UPjct−1 +σGVCjct−1×UP2
jct−1 +Dt +Dj +Dc +εijct

(2)

where i - worker, j - sector, c - country, t - time and :

lnwage - log of the gross hourly wage

X - set of individual characteristics

Prod - characteristics of industry

GVC - information about production fragmentation, expressed by one of
the measures

UP - upstreamness (alternatively length of GVC)
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Estimation results - wage regression, including the
interaction between fragmentation and upstreamness

Notes: Personal controls (included, not reported): sex, age, age2, marital status, education, RTI. Industry
characteristics (included, not reported): sector productivity. Time, country and sector dummies included.
Normalised weighted regression with robust standard errors clustered at the country-sector level (in parentheses),
the weights are based on personal cross-sectional weights (from EU-SILC) normalised by the number of observation
per country; *p .10, **p .05, ***p .01. Source: own elaboration based on data from EU-SILC and WIOD
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Smile curve - wages along the GVC

Note: Sample of 10 CEECs (2005-2014)
Source: own elaboration based on the estimation results of specification (1) reported in Table 1
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Predicted wages due to the changes in GVC at different
values of UP (illustrating the results from Table 1)

Source: own elaboration based on data from EU-SILC and WIOD
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Contour plots with log hourly wage illustrating the results
from Table 1

Source: own elaboration based on data from EU-SILC and WIOD



Motivation and background Data Measures of fragmentation Model specification Results Extensions Conclusions

Predicted wages due to the changes in GVC at different
values of chain length

Source: own elaboration based on data from EU-SILC and WIOD
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Contour plots with log hourly wage (for the model
specification with chain length)

Source: own elaboration based on data from EU-SILC and WIOD
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Estimation results manufacturing versus
non-manufacturing sectors

Notes: normalised weighted regression with robust standard errors clustered at the country-sector level (in
parentheses); *p .10, **p .05, ***p .01. Personal controls (included, not reported): sex, age, age2, marital status,
education, RTI. Industry characteristics (included, not reported): sector productivity. Time, country and sector
dummies included. Source: own elaboration based on data from EU-SILC and WIOD
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Extensions and robustness checks

model augmented with information on various aspects of
labour market institutions, like e.g. coordination in wage
setting, min. wage, union agreements (ICTWSS database)

other country- or sector-specific variables, like unemployment,
openness

additional firm-level variables
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Conclusions

At least in our sample of CEE countries, the interaction
between GVC intensity and position within the production
chain is important.

The wages of CEEC workers are higher when their industry is
at the beginning of the production chain (high upstreamness)
or at the end (low upstreamness, close to final demand) than
in the middle.

Wage changes depend on the interplay between upstreamness
and GVC intensity. For sectors that are near the final demand,
an increase in production fragmentation, measured either by
global import intensity or by vertical specialisation, is
associated with a decline in wages. For those farther
upstream, this effect is not observed.
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Thank you for your attention.

Contact:
sabina.szymczak@pg.edu.pl
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