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Abstract

The paper analyses the place held by Luxembourggdoibal value chains (GVC) by relying on
trade in value added data retrieved from OECD {otemtry input-output tables, available over the
period 1995-2011. The analysis is multifacetechasrtle of Luxembourg in GVC is analyzed across 50
advanced and emerging market economies, at thergdawel, at the sector level and over time. Rissul
show that Luxembourg acts as an important chaln#inGVC as evidenced by its strong upstream and
downstream interconnections with other partner trg@s1 Luxembourg is primarily a buyer of foreign
value added and less a seller of domestic valuecadthe major part of Luxembourg’s GVC trading
partners is located in Western Europe suggestiag) tire supply chain network is not global for
Luxembourg but rather regional. Notwithstandingstithe share of East Asian and Eastern European
emerging countries - albeit relatively low compate@dvanced economies - is increasing over thieger
of analysis. A similar observation prevails for tpeographical breakdown of the origin (destinatiof)
foreign (domestic) value added for domestic (fangifinal demand at the end of the value chain. The
analysis unveils that Luxembourg possesses a catiygradvantage in GVC in the finance and
insurance industry. It is from the latter sectatttihe country retrieves the most important sharalie
added from GVC participation.
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Non-Technical Summary

Over the recent decades, the paradigm of intemaltivpade has changed. The lowering of trade
barriers as well as the reduction in transportatioth communication costs allowed producers andhota
multinational companies to locate the various potidn stages of a product in different sites actbss
world according to their competitive advantage. Tprduction process has thus become more
geographically and vertically fragmented givingtbito global value chains. In global productionioba
intermediate products are shipped across countnigiple times, with each exporting country providli
some value added - often depending on its speafaliz - until the product is eventually imported fo
final consumption. GVC have become a prominentufeatf world trade as evidenced by the substantial
increase of worldwide trade flows in intermediateducts compared to trade flows in final products.

Against this background, the paper analyses theeplkeld by Luxembourg - a small open
economy - in the global value netwovis-a-vis other advanced and emerging market economies. The
paper relies notably on trade in value added stisetrieved from OECD inter-country input-output
tables, available over the period 1995-2011. Tipepandertakes a multifaceted analysis by invetitiga
the role of Luxembourg in GVC within a sample of&fvanced and emerging market economies, at the
country level, at the sector level and over time.

Results show that Luxembourg acts as an importaindink in GVC as evidenced by its strong
upstream and downstream interconnections in GV@ wiher partner countries. Luxembourg trades a
larger amount of intermediate products importednfrabroad while it exports a lower amount of
domestically produced intermediate products. Thigédnerally the case of small open economies. The
latter usually source more intermediate produdsifabroad in GVC than larger economies where, given
their size, a longer part of the value chain is dstic and hence a higher share of intermediateuptsds
produced domestically.

The major part of Luxembourg's GVC trading partnisréocated in Western Europe suggesting
that the supply chain network is not global for embourg but rather regional. Notwithstanding ttfis,
share of East Asian and Eastern European emergingtries - albeit relatively low compared to
advanced economies - is increasing over the periaghalysis. A similar observation prevails for the
geographical breakdown of the origin (destinatiof)foreign (domestic) value added for domestic
(foreign) final demand at the end of the value chai

Eventually, the analysis shows that Luxembourg @esss a comparative advantage in GVC in
the finance and insurance industry. It is froml#iter sector that the country retrieves the mogiortant

share of value added from GVC patrticipation.



Résumé Non Technique

Au cours des dernieres décennies, le paradigme atumerce international a changé.
L’'abaissement des barrieres commerciales ainsi lgaeréductions des colts de transport et de
communication ont permis aux producteurs et notammex entreprises multinationales de localiser les
différentes étapes de production d’un produit diifférents sites a travers le monde, en fonctiotede
avantage concurrentiel. Le processus de produesbainsi devenu plus fragmenté géographiquement et
verticalement, donnant naissance a des chainealéerymondiales (en anglaiglobal value chain®u
GVC). Dans ces chaines de production, les prothigsmédiaires sont exportés plusieurs fois ergesp
chaque pays exportateur apportant une valeur @al#és la conception du produit - souvent en foncti
de sa spécialisation — jusqu’a ce que le prodiiitfie@alement importé pour la consommation findles
GVC sont devenues une caractéristique proéminantsohmerce international, comme en témoigne la
progression substantielle des flux commerciauxrdeuyits intermédiaires au niveau mondial par rappor
aux flux commerciaux de produits finis.

Dans un tel contexte, le document analyse la gladeuxembourg - une petite économie ouverte
- dans le réseau mondial des chaines de valeuetta fin, le document s’appuie notamment sur des
données de commerce extérieur en valeur ajoutéen@aistrade in value addécextraites des tableaux
d’'entrées-sorties inter-pays fournis par 'OCDEdetponibles sur la période 1995-2011. Le document
entreprend une analyse multiforme en analysanbléejoué par le Luxembourg dans les GVC au sein
d’'un échantillon de 50 économies avancées et émimgieau niveau du pays, au niveau sectoriel et a
travers le temps.

Les résultats montrent que le Luxembourg joue Ue mdportant dans les chaines de valeur
mondiales, comme en témoignent les fortes inte®xions avec ses pays partenaires en amont et &n ava
des chaines de valeur mondiales. Dans ces dernlérésixembourg importe plus de valeur ajoutée
étrangére qu'il n'exporte de valeur ajoutée domesti C'est généralement le cas des petites écosomie
ouvertes qui, compte tenu de leur taille, s'appuigénéralement plus sur I'importation de produits
intermédiaires en provenance de I'étranger dansGME. A contrarig dans les grandes économies
développées, une part plus importante de procutigsrédiaires est produite au niveau domestiqaef ét
donné que leur taille leur permet d’avoir des casgite production domestiques plus longues.

Au sein des GVC, la majeure partie des partenainesmerciaux du Luxembourg est située en
Europe de I'Ouest, ce qui suggére que le réseactddnes de valeur est plutot régional que mondial.
Malgré cela, la part des émergents d’Asie de [#Est'Europe de I'Est - bien que relativement faipde
rapport aux économies avancées - augmente au dedespériode analysée. Une observation similaire



prévaut pour la ventilation géographique de I'ov@{la destination) de la valeur ajoutée pour laatele
finale domestique (étrangére) de produits finig, n des chaines de valeur.

Enfin, I'analyse montre que le Luxembourg possédevantage comparatif sur les chaines de
valeur mondiales dans le secteur de la finance ¢adsurance. C'est de ce dernier secteur qudgmov
la part la plus importante de valeur ajoutée duemizourg émanant de sa participation aux chaines de

valeur mondiales.



1. Introduction

Over the recent decades, the paradigm of interatitrade has changed. The lowering
of trade barriers as well as the reduction in fpanstion and communication costs allowed
producers and notably multinational companies tteb®ptimize their production processes by
locating the various production stages of a producifferent sites across the world according
to their competitive advantage. The production psschas hence become more geographically
and vertically fragmented giving birth to globallwa chains 4.k.a. global production chains or
global value networks). In global production chaimgermediate products are shipped across
countries multiple times, with each exporting coynproviding some value added - often
depending on its specialization - until the prodsceventually imported for final consumption.
Gereffi and Fernandez-Stark (2011) define globduerachains (GVC) asthe full range of
activities that firms and workers do to bring a guzt from its conception to its end uséVvC
have become a prominent feature of world tradevéderced by the substantial increase of
worldwide trade flows in intermediate products camga to trade flows in final products
(Miroudotet al. (2009),De Backer and Norihiko (2012), UNCTAD (2015)).

Against this background, the paper analyses theegiald by Luxembourg - a small open
economy - in the global value netwaris-a-visother advanced and emerging market economies.
To this aim, the paper relies on trade in valuesddstatistics retrieved from OECD inter-country
input-output tables, available over the period 120%1. The paper undertakes a multifaceted
analysis by investigating the role of LuxembourgGWC within a sample of 50 advanced and

emerging market economiest the country level, at the sector level and divee.

The paper highlights the following results. Acr@SCD countries, Luxembourg features
the highest dependence to trade. Foreign tradeilootds strongly to economic activity and
domestic employment. Trade in intermediate prodregsesents the majority of foreign trade in
Luxembourg. In this regard, the country appeatsetdeeply integrated in GVC as it features the
highest degree of GVC participation across the idemsd countries. Luxembourg’'s GVC

participation is characterized by a strong backwzadicipation and a relatively low forward

1 The sample of selected advanced and emerging meckebmies covers the following countries: AT, ARE,
BR, CA, CH, CL, CN, CY, CZ, DE, DK, EE, ES, FI, FBR, HK, HU, ID, IE, IL, IN, IS, IT, JP, KH, KR, LTLU,
LV, MT, MX, MY, NL, NO, Nz, PL, PT, RU, SE, SG, SEK, TH, TR, UK, US, VN and ZA.
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participation. This means that Luxembourg tradelarger amount of intermediate products
imported from abroad while it exports a lower amoahdomestically produced intermediate
products. In other words, Luxembourg is primarilypayer of foreign value added and less a
seller of domestic value added. This is generdiby ¢ase of small open economies. The latter
usually source more intermediate products from adbrio GVC than larger economies where,
given their size, a longer part of the value chairdomestic and hence a higher share of
intermediate products is produced domestically. ddger, Luxembourg’'s GVC participation is
characterized by an involvement in long, increasamgl internationally-oriented production
chains whether on the sourcing side or on thengeliide. The country thus features strong
upstream and downstream interconnections in GV@ wfbher partner countries. This suggests
that Luxembourg acts as an important chain-linthenglobal value network.

The major part of Luxembourg’s GVC trading partnisrocated in Western Europe (by
order of importance, Germany, Belgium, Switzerlahthnce, the United Kingdom and lItaly)
implying that the supply chain network is not glblbar Luxembourg but rather regional.
Notwithstanding this, the share of East Asian aadt&n European emerging countries - albeit
relatively low compared to advanced economiesndegeasing over the period of analysis.

At the sector level, Luxembourg’s GVC participatisnconcentrated in the finance and
insurance industry. It is from this specific sectioat the country retrieves the most important
share of value added from GVC. This is notably enimkd by the position of this sector at the
extremity of the GVC smile curve. The latter obsgion concurs with the fact that Luxembourg
captures large benefits from GVC participationha finance and insurance industry in terms of
inward FDI, employment and economic activity.

In addition, the analysis shows that across thesidered countries, Luxembourg
possesses a revealed comparative advantage in GYHe finance and insurance industry. This
comparative advantage is maintained over timeersimple of countries.

Eventually, the main ultimate foreign consumersLokembourg’s value added are
located in Western Europe. Outside Europe, theddritates are an important final customer.
Notwithstanding this, the share of East Asian aadt&n European emerging countries, albeit
relatively low compared to advanced economiegjaseiasing over the period of analysis. At the
sector level, Luxembourg’s ultimate consumers arengrily located in the finance and

insurance industry, followed by business and rstdte services and the transport and telecom



industry. On the other side of the chain, the piexs of foreign value added to Luxembourg’s
final demand share similar geographical charadiesisHowever, at the sector level, the main
providers of foreign value added to Luxembourg'safi demand originate primarily from
business and real estate services and less frorfindrece and insurance sector. This suggests
that the Luxembourg’'s finance and insurance ingustrable to satisfy domestic needs, in

addition to foreign ones.

The remainder of the paper is organized as foll@&estion 2 assesses the importance of
international trade in Luxembourg, in terms of cidmition to economic activity and
employment. Section 3 defines the data and expbsedifferences between gross trade statistics
and trade in value added statistics. Sections 45aadalyze the role of Luxembourg in GVC,
respectively on the producers’ side and on thel fioasumers’ side, based on trade in value
added statistics. Section 6 concludes and providekser ways of research that could be of
interest for Luxembourg. The paper comes with aitbet appendix that clarifiedga a step-by-
step approach how trade in value added metricddarized from inter-country input-output

tables.



2. Importance of international trade for Luxembourg

2.1 Trade dependence

Chart 1 presents the average ratio of trade depeed&r selected advanced and
emerging market economies (EMES) over the peridaD2ZZD16. It also shows the evolution of
this ratio for the years 1995, 2000, 2005, 2010 a6dl5. Trade dependence represents the
combined weight of total trade (gross exports amm$gimports) in an economy as a percentage
of GDP.

Chart 1: Trade dependence across countries
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Source: World Bank (NE.EXP.GNFS.ZS for exports-tof; NE.IMP.GNFS.ZS for imports-to-GDP), averagerove
the period 2000-2016.

Across OECD economies, Luxembourg presents thenggst dependence to
international trade with a share of foreign tradeyoods and services (gross exports plus gross
imports) representing more than 322% of GDP onagesiover the period 2000-2016. Across
the considered countries and based on the samenmeatkembourg holds the third place, just
behind Singapore (377% of GDP) and Hong Kong (385%DP). Over time, trade dependence
has increased for the majority of the considerednemies, including Luxembourg. This
suggests that the degree of dependence of donmstiticers on foreign markets (for gross
exports) has become stronger as is the degrediariae of domestic demand on foreign supply

of goods and services (for gross imports). As gitoase flows are defined as the sum of final,
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intermediate and re-export/re-import products, thsans that one of these components could
account for an important share of gross trade flowgh regard to this observation, potential

explanations will be provided later in the paper

2.2 Trade contribution to economic growth

Chart 2 focuses on the case of Luxembourg and mieesiee contribution of the various
demand components to GDP: consumpti@)) (nvestmentl(), changes in private inventorglQ
and net tradeX-M). The respective contributions of each GDP compbree presented in
percentage points so that the sum of the compomeetgual to the year-on-year growth rate of
nominal GDP. For example, in 2016, nominal GDP glaw4.18%. In percentage points (pp),
the various demand components contributed to @B@dnsumption, -0.21 for investment, 0.07

for changes in private inventory, 0.52 for governtspending and 3.28 for net trade

Chart 2: Contribution to the year-on-year growth rate of nominal GDP for Luxembourg
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Source: STATEC. For a given demand comporgnthe contribution in percentage points to the ymayear
growth rate of nominal GDP is calculated as follo@®g=(A-1/Yr1)X[(A/A-1)-1] or equivalently,Ca = (A-Aw1)/ Vi1,
with Y representing GDP. Notations: consumptidd), (investment I, changes in private inventoryd9,
government spendingsj, gross exportsX), gross importsNl), net trade X-M).

Over the period 2000-2016, net trade stands asntist important demand component

driving economic activity in Luxembourg. Indeedr n average nominal GDP growth rate of

2 Note that gross imports and gross exports havesigpeffects on GDP. Gross exports add to GDPendnibss
imports subtract. Thus if the country is runningrade deficit (surplus), net trade will subtraatidato GDP. As
Luxembourg runs a trade surplus over the consideeedd, net trade adds to GDP.
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3.37% from 2000 to 2016, the contribution of eaelmend component amounts to 0.74pp for
consumption, 0.49pp for investment, 0.04pp for gesnin private inventory, 0.53pp for
government spending and 1.57pp for net trade.Herowords, net trade accounts approximately

for 46% of the average year-on-year nominal groath of GDP over the period 2000-2016.

2.3 Trade contribution to employment

The trade sector is also a substantial driver opleyment in Luxemboury Indeed,
Chart 3 shows that on average, over the period-200Q, domestic employment sustained by
foreign final demand accounts for 62.8% of totalplayment. According to OECD statistf¢s
the sector that benefits the most from foreignlfademand in term of employment is the finance

and insurance industry.

Chart 3: Domestic employment sustained by foreigniial demand across countries (in
percent of total domestic employment)
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data).

Across countries, the share of employment sustaigedreign final demand is larger for

small economiese(g. Luxembourg, Malta, Ireland, Cyprusic) and lower for larger economies

3 Similar evidence is found in Soustal (2012), Artoet al (2015), Rueda-Cantuche and Sousa (2016) and OECD

(2016a).

4 Sourcehttp://stats.oecd.orgindustry and Services\ Structural Analysis Dasah@ TAN)\ Input Output Database\
Trade in employment: Core IndicatoisSMPN_FFDEM average over the period 2000-2011 (based onadlail

data).
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(e.g. the United States, Japan, India, Brazil, Chiet). This result is in line with OECD
(2016a) which shows that the importance of tradeefaployment is influenced by the size of
countries and also by the type of activity in whicbuntries specialize in. Across OECD
economies, Luxembourg features the largest shatrésahe unique country to present a share of
domestic employment embodied in foreign final dechabove 50%. Moreover, this share trends

upward since 1995 for Luxembourg; an observatian differs across countries.

Altogether, the above observations suggest thaemipourg retrieves a lot of benefits
from international trade, in terms of economic\dttiand employment. The analysis of trade in

value added statistics (sections 4 and 5) will @l@some explanations for this observation.

3. Data

3.1 From gross trade statistics...

Gross trade figures are the standard and officedsure of a country’s trade flows. Gross
trade statistics measure trade by recording prederctssing the national customs borders. For
example, gross exports are defined as the sumpmresxof domestic products and re-exports.
Exports of domestic products cover goods and sesvicocessed in the domestic economy with
the need of domestic intermediate products andverréquirement of imports of intermediate
products from foreign economies. Gross exports ttars include the value of any foreign
intermediate products that are used in domestidymtion. Re-exports - in the sense of entrepot
trade - are exports of foreign products in the sata¢e as previously importace. without

further domestic processing or transformatfon

5 One should distinguish re-exports in the sensentepot trade from re-exports within global vatlrains. In the
case of re-exports as entrepot trade, the prodoes dot undergo any transformation. In other wordsexport

products do not contain any value added from thmty that imported them and then re-exports theexpacking,

splitting into lots, sorting or grading, marking dathe like are not considered as undergoing thegs® of
transformation (Lim (2013)). In the case of re-extpwithin the global value chain, the product urgters a
transformation. In other words, re-export prodweithin GVC contain domestic value added from thertoy that

imported them as intermediate products from a §preiountry for processing (or value adding) anchtfeeexports
them back to the foreign country.

6 Similarly, gross imports of a country are defiredthe sum of imports of foreign products and rpdrts. Gross
imports of foreign products cover goods and ses/m®cessed in foreign economies. Re-imports hénsense of
entrepot trade - are imports of domestic productshe same state as previously exportes, without further

12



A common criticism of gross trade data is that thesregard the fact that intermediate
products used in the production process of a ptodnd exported from one country may be
imported from several other countries. In the pneseof intermediate trade, gross trade data
record several times the value of intermediate petsl traded between countries before the
products actually reach the final consumer. In otherds, gross trade data overstate the value
that a country contributes to its exports, leadmg measurement issue illustrated by a double-
counting or a multiple-counting of trade flows (Kooanet al (2014)). As a consequence, along
the value chain, the country of the final produaeppears as capturing most of the value of
products traded, while the role of countries prowgdintermediate products upstream can be
overlooked.

This argument is even more compelling given thedrmediate trade has become a key
feature of international trade (Miroudet al. (2009),De Backer and Norihiko (2012), UNCTAD
(2015)). Indeed, at the global level, the averdgares of intermediate products amounted to
56.91% of total trade (defined as exports ghaports of intermediate and final products) in
1995. This share grew at an average year-on-yéarofa0.7% over the period 1995-2011 to
reach 63.42% of total trade in 2011. At the coulerel, the majority of foreign trade in goods
and services deals with intermediate products (CGain the case of Luxembourg, the average
share of intermediate products (exports plus ingofintermediate goods and services) over the
period 2000-2011 amounts almost to 70% of forenguld (exports plus imports of final and
intermediate goods and services) while the shafimalfproducts represents only 30% of foreign
trade (Chart 4). When reported to gross odtduixembourg features the highest percentage of
intermediate trade across the considered countmgth, an average amount of trade in
intermediate products equal to 72% of gross outpat the period 2000-2011 (Chart 5).

foreign processing. As such, they do not contaiy faneign value added. Conversely, re-import prasweithin
GVC contain foreign value added by a foreign coptitiat imported them as intermediate products feogiven
country for processing and then re-exports thenk bathis latter country.

7 See Koopmaet al. (2014), notably p. 467-469 and Appendix B.

8 Gross output is a much broader measure of econaatiity than gross domestic product (GDP). Grostput
can be measured as the sum of a country's grose \aldedi(e. the value of final products) and intermediate
consumptioni(e. the value of intermediate products used to prodimed products), in a given period of time. Gross
domestic producta(k.a. net output or gross value added) is equal to the ef value addede. the difference
between gross output and intermediate consumptiangiven period of time.

13



Chart 4: Gross trade in intermediate productsversus gross trade in final
as a share of foreign trade
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Chart 5: Gross trade in intermediate productsversus gross trade in final
as a share of gross output
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The importance of intermediate trade relates tafabethat the production site of a firm
can become worldwide thanks to trade liberalizatigng. lower trade barriers), lower
transportation cost, progress and cost reduction Information and Communication
Technologies, acceleration in technical progressdfwallows for standardization of production)
and organizational innovations. Hence, producergadds and services can optimize their
production processes by locating the various prooluistages in different sites across the world

(often the most profitable places that allow redgccosts)via outsourcing and offshoring of

14

on available data. Calculations:




activitie. The production process becomes geographically artically fragmented. This
implies that one key feature of world trade is ttie final goods and services bought by final
consumers are composed of intermediate producis frarious countries around the world,
blurring the conceptrfiade in a given countiyas products are actuallyfade in the world

Global Value Chains (GVC) describe this internatiorfunctional and spatial
fragmentation of production processes. Gereffi Bathandez-Stark (2011) define GVC aise®
full range of activities that firms and workers tobring a product from its conception to its end
us€. GVC have become a prominent feature of worlderalheir development has been mainly
driven by multinational enterprises (MNES) in thpursuit of competitive advantage and profits.
By carrying out specific parts of the productiologess in certain countries, costs are minimized
through economies of scale as well as specializatio addition to local cost advantagesg(
lower unit labor costs, tax benefitsic). Within the GVC process, intermediate produdts a
shipped across borders multiple times, with eagioging country providing some value added,
until the product is eventually imported for firmnsumption. Each time products cross national
borders they are registered as gross trade flowanmg that gross trade statistics double-count,

triple-count or multiple-count international trafiiewsC.
3.2 ...to trade in value added statistics
To address the measurement issue in gross trade eéednomists have developed

methods and datasets to better estimate the Vvadteatcountry contributes or adds to foreign

trade flows. This is notably the case of tradediug added (TiVA) statistié5'2 Retrieved from

9 QOutsourcing involves the contracting out of a hass processe(g. payroll processing, claims processing) and
operational and/or non-core functions.g. manufacturing, facility management, call centeppsut) to another
party. Offshoring is the relocation of a businesscpss from one country to another; typically areraional
process (such as manufacturing) or supporting gz (such as accounting). Grossman and Rossi-bingds
(2008) favor the term “offshoring” to the more pdgru“outsourcing” when talking about GVC. Indeelde tlatter
suggests that tasks formerly performed in-housenarg being purchased at arms-length, whereas thmefo
implies that tasks formerly undertaken in one couate now being performed abroad. In other woaffshoring
includes not only foreign sourcing from unrelateg@iers, but also the migration abroad of som#hefactivities
conducted by a multinational firm.

10 To better understand the measurement issue ofphesdtounting, see Appendix B.

11 For example, the OECD computes Trade in Value Addé/A) indicators from the OECD Inter-Country lap
Output (ICIO) tablesHttp://oe.cd/icid which describe inter-country, inter-industry flewf intermediate goods and
services as well as the country and industry osigihgoods and services to meet final demand. TEBEDTiVA
indicators are available for 62 countries, 34 intdes, over the period 1995-2011
(http://www.oecd.org/industry/ind/measuringtradeiingaaddedanoecd-wtojointinitiative.hym  Other  entities
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inter-country input-output tabl€s TiVA data consider the value added by each cguintithe
production of goods and services that are consumueltiwide. As such, they allow for a better
understanding of the role of an economy in inteanat trade compared to gross trade statistics.
In this regard, TiVA statistics provide a decompiosi of the value of gross exports into several
components. Chart 6 shows a basic example:

Chart 6: Basic decomposition of gross exports

Gross exports

|
v v

Domestic value added content Foreign value added content
Direct Indirect
domestic domestic Re-imports
value added value added
content content

Gross exports can first be decomposed into two m@mponents: domestic value added
and foreign value added. Domestic value added éxporrespond to the domestic contribution
to exported products. Foreign value added expefteat the foreign contribution to exported
products. The foreign value added stems from tradatermediate products within the global

value network’.

contributed to develop ICIO tables and relateddattirs: the European Commission’s World Input-Otufpatabase
(WIOD; http://www.wiod.org/homg  the  Asian Development Bank’s Input-Output ~ Tables
(https://www.adb.org/datal/icp/input-output-taljleshe  UNCTAD’s Eora Multi-Region Input-Output (MR)
databasehttp://worldmrio.com), etc For more information, sestp://www.wiod.org/otherdb

12 Caution is still required when using trade in ealadded statistics (Sturgeon (2015)). Indeed, dtter| are
estimates and underlying data are not perfect owingnconsistencies across countries and lack ofiptete
bilateral trade in services data. In addition, salvassumptions are used, notably the hypothesis fitms are
treated as homogeneous. As a consequence, resigtbeinterpreted with caution.

13 An inter-country input-output (ICIO) table is ambination of national input-output tables and tratd¢a that
breaks down the use of goods and services accoalitig country of their origin (Powers (2012)).

1 Trade in intermediate products within the globalue network refer to trade in intermediate goous services
imported by the domestic country, processed indibraestic economy and then exported to third ecoesiim the
global value network.
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Domestic value added combines three componenectdiomestic value added, indirect
domestic value added and re-imports of domestigevatided (Chart 6).

Direct domestic value added regroups domestic valdded exported and directly
consumed abroad plus domestic value added expanegrocessed in a foreign economy and
directly consumed in this foreign economy. Direotreéstic value added thus reflects the direct
contribution made by a country in producing a pador export. The latter product does not
imply trade in GVC as it does not require foreigtermediate products in its production process.

Conversely, indirect domestic value added and moims involve trade flows in
intermediate products between two or more countugkin GVC. Indeed, indirect domestic
value added includes intermediate products thaditeet (or initial) foreign importer embodies
into other intermediate products, which are thepoeted to third countries. Indirect value added
thus reflects the indirect contribution of domedigplier industries to the production of final
goods and services. Re-imports cover the domeatievadded content of intermediate exports
that finally returns home. Re-imports thus refléget domestic value added that was exported by
a given country as intermediate products to a foreiountry for further processing. Then, the
former country re-imports this intermediate prodiactfurther processing in domestic industries
or for final use.

The above components of gross exports can thensske/elecomposed into further sub-
components to reach the final decomposition of gegorts as introduced by Koopmetnal
(2014) into nine sub-componettsAppendix A provides a detailed description of thter
decomposition. This section stops at the abovecbdscomposition as it is necessary and
sufficient to carry on the analysis.

To proceed with the analysis, the paper retrievadet in value added statistics from
OECD inter-country input-output (ICIO) tables. Tla¢ter are available for 62 countries and 34
industries over the period 1995-2011. The OECD peed ICIO tables based on different
sources: the national accounts, the supply andales (SUTSs), the national input-output tables

(I0Ts) and merchandise and services trade statistic

15 See Koopmaset al. (2014), p. 482.

16 The national accounts gather the main compondrezpenditures (household and non-profit institusigerving
households (NPISHs) final consumption, general guwent final consumption, gross fixed capital fotioa

(GFCF), valuables, changes in inventories, expand imports of goods and services both with freeboard

valuation), the output and value added by industiyasic prices and the tourism satellite accolimt. supply tables
regroup the products supplied by each industryaalsith the distribution margins, the taxes lessstibs margins
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4. Global value chains: the producers’ side

4.1 Domesticversus foreign value added shares of gross exports

Chart 7 decomposes the average value of grosstexamshares of foreign value added
and domestic value addédor selected advanced and emerging market ecosomier the
period 2000-2011. The chart also presents the sonlwf the foreign value added content in
gross exports for the years 1995, 2000, 2005 af@ gfiven available data).

Within the selected sample of countries, Luxembaquegents the highest percentage of
foreign value added content in gross exports arddast percentage of domestic value added
content in gross exports. Thus, on average ovepeéned 2000-2011, 56% (respectively, 44%)
of Luxembourg’'s gross exports consist in value thats added in a foreign country
(respectively, in Luxembourg). This suggests amgfranvolvement of Luxembourg in GVC
compared to the other countries in the sample.

Between 1995 and 2010, the share of foreign validedin gross exports has increased
in Luxembourg. This pattern can be observed aceossajority of advanced and emerging
market economies (Chart 7). This suggests incrgasternational and vertical fragmentation of

production at the global level.

and the imports (valued at cost, insurance anglitgi The use tables - provided at purchasersepaitd at basic
price - contain the products used by each industrthe domestic country and/or imported from abro@de
national input-output tables - provided at basice® - contain the use and supply of goods andcssrnindustry-
by-industry and/or product-by-product. The merchisadrade contains the exports and imports of gandsding
re-exports and re-imports. The services trade soleth inflows and outflows of services. For mosetails, see
OECD (2015), “National Data Requirements for Ingdusin the Current TiVA Data Infrastructure”, Decken
2015, available dtttp://www.oecd.org/sti/ind/tiva/tivasourcesandnoetb. htm

17 The foreign value added content of gross expastsesponds to the value added of intermediate mtsdinat
were imported in order to produce intermediateirmalfproducts (goods or services) to be exportéed Measure is
also often referred to as vertical specialisati®ource: OECD,https://data.oecd.org/trade/import-content-of-
exports.htm#indicator-charBee Appendix A for further details.

8 The domestic value added content of gross exjmes estimation of value added, by an econompydalucing
goods and services for export. This measure comslihmee elements: the domestic value added sesdnsumer
economy, the domestic value added sent to thirdhao@s and the domestic value added re-importethén
economy. Source: OECDhttps://data.oecd.org/trade/domestic-value-addegtéss-exports.htm#indicator-chart
See Appendix A for further details.
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Chart 7: Share of domesticversus foreign value added in gross exports (in percent)

M Foreign added value in gross exports Domestic value added in gross exports 1995 ©2000 2005 e2010

Source: OECD-TiVA database (December 2016), ave2@@@2-2011, based on available data.

Chart 8 focuses on the case of Luxembourg and misese decomposition of gross
exports over the period 1995-2011. It shows thpeetsve contributions of the components of
gross exports to the year-on-year growth rate o$gexports (Chart 8.1) and the shares of the
respective components in gross exports (Chart §128. considered components are the ones
defined in section 3.2: the direct domestic valddeal EXGR_DDQ, the indirect domestic
value addedEXGR_IDQ, re-imports EXGR_RIN and the foreign value addddXGR_FVA.

Over the period 1995-2011, gross exports presgusdive growth cycle in 1998-2000
and 2002-2008 (Chart 8.1). Gross exports faced foajor downward shocks: a fall in 1997
potentially explained by the global economic slowdan the aftermath of the Asian financial
crisis (ECB (1999)), a fall in 2001 presumably tethto the fall in global economic activity
following the crash of the internet bubble in glbbtock markets, a slowdown in 2005 possibly
due to a global economic slowdown in the backgrooina steep rise in oil prices (WTO (2005))
and a fall in 2009 in the wake of the 2007-200&gldinancial crisis. From the first shock to the
fourth one, the contribution of the components gemg to trade flows within GVC
(EXGR_IDG EXGR_RIMandEXGR_FVA increased substantially. As a matter of facti997,
the majority of the slowdown in gross exports wae tb export flows outside GVC and notably
direct domestic value added export flonSXGR_DDGC Chart 8.1). Conversely, in 2009, the
majority of the slowdown in gross exports was doesxport flows within GVC and notably
foreign value added export flowEXGR_FVA Chart 8.1). The latter observation has also been
evidenced in the literature for other countries|@®Ban (2009), Constantinescet al (2015),
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ECB (2016), IMF (2016)). Altogether, this suggdsiat over the period, trade flows within GVC
are becoming more and more important in Luxembauggdss exports.

The latter argument agrees with the fact thatshare of gross export flows within GVC
([EXGR_IDGEXGR_RIM-EXGR_FVAEXGR is increasing over the period 1995-2011 (Chart
8.2). From 52.04% in 1995, the latter share rea@3e87% in 2011; hence an average growth
rate of almost 2% a year over this period. Con\grdébe share of gross exports outside GVC
approximated by the direct domestic value addedyuamted to 47.96% in 1995 and fell to
30.73% in 2011; hence an average growth rate eéqual60% a year over this period.

Chart 8: Decomposition of gross exports for Luxemborg

Chart 8.1: Contribution to the year-on-year Chart 8.2: Share of gross exports
growth rate in gross exports
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Source: OECD-TiVA database (December 2016), baseavailable data. In Chart 8.1, the black line espnts the

year-on-year growth rate of gross exports.

4.2 Participation in global value chains

Chart 9 computes the GVC participation index putvrd by Koopmaret al (2014).
The GVC participation index indicates the share fofeign intermediate products and
domestically produced intermediate products usethiml countries’ exports. Expressed as a

percentage of gross exports, it sums the foreignevadded embodied in gross expoeak.@.
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backward GVC participation) and the domestic valdded embodied in third countries’ gross
exports é.k.a.forward GVC participatioriy.

The backward GVC participation considers the imgsit perspective (or buyers’
perspective) of foreign value added. It assesseatiount of foreign value added embodied in
intermediate products imported from a source cguntrcluded in exports and used in third
countries’ exports. The forward GVC participatioafars to the exporters’ perspective (or
sellers’ perspective) of domestic value added.aliggs the amount of domestic value added
embodied in a country’s exports that is used irotdountries’ exports.

According to OECD (2012), the GVC participation éxdindicates the extent to which a
country is involved in a vertically fragmented puation process. In other words, the GVC

participation index indicates the depth of GVC grtgion of a given country.

Chart 9 shows that Luxembourg possesses the s8b@)éC participation across the
considered countries, accounting for around 68%sofotal gross exports on average over the
period 2000-2011. This suggests that Luxembourgeigply integrated in the global value
network, as a substantial part of its exports &iasin foreign intermediate products and
domestically produced intermediate products usedtird countries’ exports. Between 1995 and
2010, Luxembourg’s GVC participation has increas€hdis evolution is similar across the
majority of selected advanced and emerging markeh@mies. This implies that Luxembourg
and to some extent, the other considered countaes,expanding their role in the global
production network but at the same time are becgmiore exposed to changes in external

factors.

1% The forward GVC participation thus corresponda gub-component of the domestic value added irsg®gorts
presented in Chart 7. Indeed, to assess a cour@y€ participation, only products traded within GVate
considered. Amongst the components of gross expprtlucts traded outside GVC enter the categometd
domestic value added content of gross exports”h$ucategory gathers domestic value added expabtezhd and
directly consumed abroa@.k.a. domestic value added in direct final product etgoand domestic value added
exported abroad, processed in the foreign econamlysabsequently consumed in this foreign econoaly.d.
domestic value added in intermediate exports alesoly direct importers). See Appendix A.
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Chart 9: GVC participation across countries (GVC integration depth)
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Chart 9 shows that Luxembourg's exports feature sh®ngest backward GVC
participation and one of the lowest forward GVCtiggration across the considered countries.
This means that Luxembourg trades a larger amoumtermediate products imported from
abroad while it exports a lower amount of domeéfigaroduced intermediate products. In other
words, Luxembourg is primarily a buyer of foreigalve added and less a seller of domestic
value added. This is generally the case of smadinopconomiese(g. Slovakia, Hungary,
Malaysia, Czech Republic, Singapore, Mak#;) compared to larger countries.q. Brazil,
Japan, Australia, the United States, India, Rugstg, Indeed, given their small size, the former
usually source more intermediate products from abrin GVC than larger developed
economies. The latter usually benefit from longemdstic value chains and hence a higher
share of intermediate products is produced donadtidn addition, trade in GVC is important
for economies that benefit from offshoring suchHasigary, Luxembourg, Ireland, Malaysia,
Slovakia (Miroudot and Cadestin (2017)) due totiicial attractiveness(g.lower labor costs or
more favorable taxation), skilled workforce andhmtter business environmerg.d. political

stability, quality of infrastructure, better livirgjandardsgtc).
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4.3 Position in global value chains

According to Koopmaret al (2014), the share of forward GVC participatiofatige to
the share of backward GVC participation informs wbthe position of a country along the
global value chain. If the forward participation hggher than the backward participation, the
country is located more upstream in the productietworki.e. in the first stages of production
where it exports a lot of intermediate productsoaldr Conversely, if the forward participation is
lower than the backward participation, the coumrpositioned more downstream in the value
chaini.e. specialized in the last stages of production wherenports a lot of intermediate
products from abro&é

A country’s position in the value chain usually degs on its comparative advantage and
therefore the mix of labor skills and resource ewdents it brings to the international
production process (OECD (2016b)). In other woedspuntry can be upstream or downstream,
depending on its specialization (OECD (2012)). thmn activities usually relate to the
production of raw materials or intangibles at thartsof the production process.g. minimally
processed or unprocessed materials, research aetbplment, innovation, design, consulting,
market intelligencegetc). At the center of the value chain, countries asaally specialized in
activities dealing with standardized, labor-inteesmanufacturing jobs. At the end of the value
chain, production activities become closer to fidamand and usually regroup final assembly or

customer service®(g.logistics, distributionetc).

Chart 10 presents the average ratio of backward @¥@icipation-to-forward GVC
participation over the period 2000-2011 togethethwis evolution for the years 1995, 2000,
2005 and 2010. Large economiesg(Japan, the United States, the United Kingdom, @agn
or countries that export commodities.d. Russia, Norway, Australia, Brazil, Chile, South
Africa) are located on the right of the chart, hemgore upstream in the value chain. Indeed,
large economies import less intermediate produsta #arger share is produced domestically,

while commodity exporting countries export moreemediate products towards countries

20 Koopmanet al (2014) define the GVC position index as the léghe domestic value added embodied in third
countries’ gross exporta.k.a.forward GVC participation or upstreamness) toftireign value added embodied in

gross exportsa k.a.backward GVC participation or downstreamness).ddetthe larger the GVC position index,

the more upstream the country in the value chae. Appendix C.
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located more downstream in the value chain. Coelgrsmall economies and in particular
those that benefit from offshoringe.g. Luxembourg, Cambodia, Hungary, Malta, Mexico,
Ireland, China, Malaysia, Slovakia, Thailand, CzBd&public) are located on the left of the chart
hence more downstream in the value chain. Thesetiwes thus import more intermediate
products whose value has been added by other cesisituated more upstream in the chain.
Downstream countries add intermediate products aide towards the end of the global
production process.

Chart 10: Ratio of backward GVC participation-to-forward GVC participation across
countries (GVC position)

1995 ® 2000 © 2005 2010

[0}
[ ]

Over time, the evolution of the ratio differs aga®untries in sign and magnitude. For
some countries, the ratio increasesg(Czech Republic, India, Japan, Luxembourg, Poland,
Turkey, etc) while for others it decreaseg.g. Canada, China, Estonia, Indonesia, Malta,
Slovenia,etc). For Luxembourg, the ratio increases all over pleriod. This suggests that the

country is moving more and more downstream in tbbaj value chains.
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4.4 Geographical breakdown

Given the strong GVC participation of Luxembourg,important question pertains to the
origin and destination of value added trade flovithw GVC. Chart 11 provides a geographical
breakdown of the origin of foreign value added #reldestination of domestic value added. The
charts are designed so that the buying side (Chhart) sums up to the backward GVC
participation, while the selling side (Chart 11a2)ds up to the forward GVC participation. As
Luxembourg is primarily a buyer of foreign valuedad, the geographical breakdown into
source countries could be of particular interesidentify which foreign sources add the most

value to its exports.

On the buying side, on average over the period 2001, the most important providers
of foreign value added to Luxembourg within GVC @&ermany (9.28%), Switzerland (5.96%),
Belgium (5.52%), the United Kingdom (5.19%), theitdd States (5.14%), France (4.79%),
Italy (3.71%) and the Netherlands (2.21%). The gapigical origin of foreign value added is
hence mostly European and in particular Westermmfaan. Indeed, on average over the period
2000-2011, 82% (respectively, 79%) of the foreigiue added has been bought by Luxembourg
from European economies (respectively, Western fi@an economie®) Notwithstanding this,
between 1995 and 2011, the most important averagetly rates concerning the origin of
foreign value added in gross exports are foundsparcific economies located in East Aseag(
China, Hong Kong, India, Japan, Singapore and Sdatka) and in Eastern Europed.Czech
Republic, Hungary, Poland and Rus&aYhis suggests that the geographical origin ofifpr

value added evolves over time.

21 To be precise, European economies cover here WidSteopean economies (AT, BE, CH, CY, DE, DK, ES,
FR, GR, IE, IS, IT, MT, NL, NO, PT, SE, UK) and Eas European economies (CZ, EE, HU, LT, LV, PL,, Al
SK).

22 Between 1995 and 2011, the average year-on-yeavtlyrates in foreign value added originating frabroad
amount to 18% for East Asia (China, Hong Kong, éadlapan, Singapore and South Korea), 16% for iBaste
Europe (Czech Republic, Hungary, Poland and Rys3ié)for North America (Canada and the United S)aéed
5% for Western Europe (Austria, Belgium, Denmarkpldhd, France, Germany, Greece, Ireland, Italg th
Netherlands, Norway, Portugal, Spain, Sweden, @wird and the United Kingdom).
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Chart 11: Origin and destination of trade in valueadded for Luxembourg

Chart 11.1: Origin of foreign value added in grosexports:
Where does Luxembourg buy foreign value added?
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Chart 11.2: Destination of domestic value added igross exports:
Where does Luxembourg sell its domestic value added
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Source: OECD-TiVA database (December 2016), ave2§6-2011, based on available data.

On the selling side, on average over the periodZW11, the most important buyers of
Luxembourg’s value added within GVC are Germany/&%), Belgium (1.69%), France
(1.05%), Italy (1.01%), Ireland (0.75%), Switzedaf®.56%), the United Kingdom (0.50%), the
Netherlands (0.48%) and China (0.42%). The desbnaif Luxembourg’s value added is thus
essentially European (on average 84% of the domeatue added sold within GVC, over the
period 2000-2011) and especially Western Europeanaferage 80% of the domestic value
added sold within GVC, over the period 2000-20H9wever, between 1995 and 2011, the
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most important average growth rates concerningdéstination of Luxembourg’'s value added
are found for specific economies located in Easa AShina, Hong Kong and Singapore) and in

Eastern Europe (Czech Republic, Hungary, Polandrarsgiaj®.

As a result, whether on the buying side or on #ing side, the importance of emerging
economies located in East Asied. China, India) and in Eastern Europeg. Czech Republic,
Hungary, Poland, Russia) as value added tradingnhgrar of Luxembourg within GVC is
increasing, although their share remains relatigehall in comparison to advanced economies.
The importance of trade in value added flows witkestérn European countries (by order of
importance, Germany, Belgium, Switzerland, Frante, United Kingdom and Italy, when
adding the respective country’s shares in Charts 4ad 11.2) suggests that distance appears to
matter in shaping bilateral value added trade flinv&sVC?>* and also that the supply chain
network is less global for Luxembourg but rathegioaal. The latter observation prevails also

for other countries reviewed in the literature (fegmé and Santoni (2017)
4.5 Sectoral breakdown
GVC participation across sectors
Chart 12 provides a decomposition of Luxembourg\éQGparticipation at the sector

leveP®. Luxembourg's GVC participation is concentratedtia services sector and in particular

in the finance and insurance industry, revealing ¢buntry’s specialization. The finance and

23 Between 1995 and 2011, the average year-on-yeartlgrates in domestic value added going abroaduatrto
10% for East Asia (China, Hong Kong, and Singap®®9 for Eastern Europe (Czech Republic, Hungaojari
and Russia), 5% for Western Europe (Austria, BetlgiDenmark, Finland, France, Germany, Greece,rcelaly,
the Netherlands, Norway, Portugal, Spain, Swedevitz8land and the United Kingdom) and 2% for North
America (Canada and the United States).

24 Johnson and Noguera (2012b) highlighted a simdault and suggest that gravity effects could prduavalue
added trade flows (Anderson (1979, 2011), Andermae van Wincoop (2003), Head and Mayer (2013, 2014)
However, this remains to be tested empirically.

25 Notice that the United Kingdom is also an import@aC partner for Luxembourg, whether on the buydidg or
on the selling side. Indeed, at the global levied, United Kingdom is the"4most important provider of foreign
value added to Luxembourg (Chart 11.1) and thanbst important destination of domestic value ad(@dart
11.2). As a result, the consequences of the Belwauld probably be examined in light of the latbservation.
Investigating this issue in details goes beyondstiape of the paper.

26 See Appendix F for a detailed description of theter categories.
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insurance industry is indeed the sector where mib8te domestic value added is created from
Luxembourg’s participation in the global value neti

Luxembourg’s exports in the finance and insuraraetos are characterized by a high
backward GVC patrticipation (36%) and a lower fordv&@VC participation (23%). This means
that the export content in finance and insuranamyets includes to a large extent foreign

intermediate products.

Chart 12: GVC participation across sectors in Luxenbourg (GVC depth across sectors)

M Backward GVC participation Bl Forward GVC participation 1995 © 2000 2005 ®2010
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Source: OECD-TiVA database (December 2016), ave2808-2011, based on available data.

In the finance and insurance sector, tradition&rimediate products within the value
chain are financial services and information. Fiimslved in this value chain usually regroup
private banks, asset management fireg.investment funds), insurance companies, corporate
cash management entitietc. The activity of these firms boils down to raisifuspds by taking
deposits or issuing securities and make loans amtetisecurities. The value chain goes from
lenders to borrowers and the products can be divid® credit intermediaries and financial

intermediarie¥.

27 Note that domestic industries supporting the faeamnd insurance industry in Luxembouegg( fiduciary
companies, audit firms, accountants, law firmsedemmunication firmsetc) may benefit directly or indirectly
from spillover effects stemming from the importdrdckward GVC participation in the finance and iase
industry (see Taglioni and Winkler (2016) p. 86hisTspillover effect remains to be quantified enailty.
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The importance of Luxembourg’'s GVC patrticipatiorttie finance industry goes hand in
hand with its status as a global financial certtesting for example one of the most important
fund industry in the world. As a matter of facte thund industry manages EUR 3943 billion of
assets in 2017Q2 (EFAMA (2017)), placing Luxemboasgthe leading investment fund centre
in Europeand the second one at the global level, just bethiedUnited States where the fund
industry manages EUR 17856 billion of as¥ets

According to Bley (2015), in Luxembourg, the invasnt fund industry g.k.a.
Organismes de Placements Collectifs (OPC)) andcpkatly mutual funds d.k.a. Organismes
de Placements Collectifs en Valeurs Mobilieres (UMK contribute to the major part of trade
in financial services.

Bley (2015) argues that financial services expbststhe Luxembourg's fund industry
include the assignment to non-resident investoralloéxpenses incurred by investment funds
regarding their assets holding. Such expenses dbeerunning costs of investment funds
inherent to their assets holding activity and cdsgmanagement and advisory expenses,
administrative fees, audit and accounting costsketag and legal expenses, custodian banks’
commissions, distributors’ costgtc). The expenses are actually paig Luxembourg’s
investment funds to resident companies, but angrass to non-resident shareholders of mutual
funds The latter expenses take part of the 23% of domeslue added exported by
Luxembourg in the finance and insurance industtyafC12).

On the other handinancial services imported by the Luxembourg’'sdundustryreflect
the expenses paid by Luxembourg’s management caegtmtheir non-resident counterparts.
The major part of these expenses relates to agvisonmissions, trading fees and distribution
costs paid to non-resident companies, either dyrectindirectly through a resident management
company. According to Bley (2015), the latter cossions represent about three-quarters of the
total expenses incurred by Luxembourg’s investnfientls. The latter expenses are included in
the 36% offoreign value added exported by Luxembourg in tharfce and insurance industry
(Chart 12).

28 See EFAMA (2017), Table 2 “Total net assets exolgdunds of funds by the type of funds”, million§ euro,
end of quarter, 2017Q2 International Statistical Release, 2017, WorldwRigulated Open-ended Fund Assets
and Flows Trends in the Second Quarter of 201Z0p.
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From a historical perspective, the geographicaprfrantation of the finance and
insurance industry is not a new phenomenon. Indeext finance and insurance companies
have globalized their activities to seek new cugianand new markets abroad. This process can
be explained by the considerable reduction of pariscosts and the improvement of
communications, stimulated by technological develept like internet (Capelle-Blancard and
Tadjeddine (2009), OECD (2012)). Notwithstandings,thwhat becomes more acute since the
1990s is the vertical fragmentation of the finaaoé insurance industry (Capelle-Blancard and
Tadjeddine (2009), Mudambi and Venzin (2010), OE@D12)). According to Mudambi and
Venzin (2010), financial services firms are incregly offshoring and outsourcing parts of their
value adding activities in countries where they fiad specific factor endowmentsd. skilled
labor force, processing capabilitietc) and reduce their costise( lower labor cost, tax benefit,

etc).

Reveal ed compar ative advantage across sectors

Trade in value added statistics allow refining seetoral analysis by unveiling whether
Luxembourg possesses a comparative advantage iabitnee considered sectors within the
global value network. To this aim, the paper retinghe revealed comparative advantage (RCA)
proposed by Balassa (196%5)The latter indicator computes the ratio of dorneegalue added
exported within GVC by sectarin countryc to the total domestic value added exported within
GVC by countryc (Xc,i/Xc,) divided by the ratio of domestic value added etggbwithin GVC
by sector at the world level to the total domestic valueetidxported within GVC at the world

29 A similar analysis is implemented in Timmatral. (2013) and van der Marel (2015). According to Timmeal
(2013), the revealed comparative advantage (RCé¢xrshould be based on domestic value added exabntsr
than gross exports with which the index was orilfyindeveloped. Indeed, domestic value added expgm@és more
importance concerning the total income capturedalmountry in the global value chains. van der M&2€I15)
computes a GVC-related RCA indéxbased on the domestic value added content ofsgeaports (see van der
Marel (2015), Table 3 p. 13). However, this papelidves that the latter measure - based on domedtie added -
is an accurate measure of the external comparativentage of a country (compared to the use osgrports) but
not truly an accurate measure of a country’s coatpar advantage in GVC. Indeed, the componentshef t
domestic value added implying GVC trade are théréatl domestic value added content of expdBXGR_IDQ
and re-imports EXGR_RIM i.e. the forward GVC participation (or equivalentlyetiotal domestic value added
minus the direct domestic value added). As a reauihore accurate measure of comparative advaiaGa/C
should be based on the forward GVC participatioand¢, this paper computes a GVC-related RCA indeed on
the forward GVC participation (see Table 1 in tloeectext). The paper also computes a RCA indexdasethe
domestic value added to gauge the external revealegbarative advantage of a country (see Table Bppendix
D).

30



level Xw,i/Xw,z). The domestic value added exported within GV@dsal to the forward GVC
participation i.e. the sum of indirect domestic value adddeXGR_IDQ and re-imports
(EXGR_RIM. Hence:

Xt/ X _ (EXGR_IDC;, +EXGR_RIM_;)/(EXGR_IDC_, + EXGR_RIM,)

RC =
A Xuit/Xwe (EXGR_IDC,;, + EXGR_RIM,;)/(EXGR_IDC, + EXGR_RIM,)

According to Balassa (1965) and Balassa and NdIa89), a RCA index above (below)
unity indicates that a country has a revealed coatpa advantage (disadvantage). This paper
believes that identifying any comparative advantafja country based on a single ratio bears
some limits. A more relevant approach would requaréhorough analysis. This task goes
however beyond the scope of this paper. As a reseltconsider that a particular sector has a
revealed comparative advantage in GVC if two coodg are fulfilled: first, the related RCA is
above unity and second, the related RCA is thedsigim the set of countri&s Table 1 presents
the GVC-related RCA index for Luxembourg. When thdex is higher than unity, the table
specifies the rank of Luxembourg in the sampleG&8vanced and emerging market economies.

30 An additional criteria could be the implementatiofna one-sided right-tailed Student t-test to &hebether the
value of the RCA is significantly higher than omt:(RCA=1 versusH:: RCA>1). However, the paper ruled out this
possibility given the low number of observation2 (fata points between 2000 and 2011).
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Table 1. GVC-related Revealed Comparative Advantagéor Luxembourg

Average
1995 2000 2005 2010 2000-2011
Sectors RCA | Rank | RCA | Rank | RCA | Rank | RCA | Rank | RCA | Rank

Agriculture & forestry 0.28 0.21 0.20 0.22 0.17
Mining & quarrying 0.07 0.01 0.01 0.01 0.01
Food, beverages & tobacco 0.44 0.33 0.29 0.19 0.25
Textiles & apparel 0.38 0.27 0.32 0.20 0.26
Wood, paper & publishing 0.43 0.37 0.57 0.40 0.44
Chemicals & non-metallic products 0.24 0.16 0.10 0.08 0.11
Basic & fabricated metals 1.18 18 0.81 0.28 0.35 0.50
Machinery & equipment 0.30 0.29 0.15 0.12 0.18
Electrical & optical equipment 0.07 0.04 0.14 0.07 0.07
Transport equipment 0.01 0.01 0.01 0.01 0.01
Other manufactures & recycling 0.18 0.08 0.04 0.08 0.06
Electricity, gas & water 0.29 0.20 0.16 0.37 0.48
Construction 0.72 0.85 127 30" | 1.09 34 | 110, 37
Wholesale & retail 0.58 0.34 0.45 0.96 0.58
Transport & telecom 0.78 0.74 0.56 153, 20" | 0.93
Finance & insurance 39.27 1t | 37.67 1t | 36.99 1t | 31.34 1t | 33.47 1
Business & real estate services | 0.96 0.50 1381 18 | 1.39 1% | 1.04 @ 28
Personal & cultural services 4.29 3d 177 28" | 154 1% | 129 18 | 145 20

Source: Author’s calculations based on OECD-TiVAathase (December 2016). The GVC-related RCA index i
calculated based on the forward GVC patrticipateXGR_IDG-EXGR_RIM of each sector.

Table 1 shows that a lot of heterogeneity prevaaioss sectors regarding the value of
the GVC-related RCA index. Over the period of asalythe index passes below unity for the
basic and fabricated metals industry while othet@s evidence the reversed. construction,
business and real estate services). Some sectssnpra GVC-related RCA higher than one but
remain far from the first positions in term of ramk (e.g. construction, transport and telecom,
business and real estate services, personal annatidervice®). One sector presents a revealed
comparative advantage in GVC that persists oveg:tilre finance and insurance industry, where
Luxembourg is ranked first throughout the consideperiod. Although not shown in Table 1,
the main countries ranked behind Luxembourg infithence and insurance industry are Cyprus
(with a GVC-related RCA equal to 6.59 on averagerahe period 2000-2011), the United
Kingdom (6.10), Switzerland (4.24), Hong Kong (2,93ingapore (2.56), Ireland (2.32), Malta

31 In the sector of personal and cultural services, ifost important component stems from “other comityun
social and personal services”. On average ovepéned 2000-2011, this component accounts for 85.48 the

domestic value added in gross exports by the sedtpersonal and cultural services and 95.95% efftdreign

value added in gross exports by the sector of patsnd cultural services. According to the OECMA idatabase
and the United Nations’ ISIC Revision 3 industrgsdification, “other community, social and persosetvices”

cover activities pertaining to sewage and refuspatial, sanitation; activities of membership orgatidbns n.e.c.;
recreational, cultural and sporting activities (irting the production of radio and television pergmes). For more
details, see Appendix F.
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(2.25) and the United States (1.#2With an average GVC-related RCA equal to 33.4&r dle
period 2000-2011, Luxembourg holds a stronger G¥i@ted RCA in the finance and insurance

industry compared to the latter countries.

4.6 Link between global value chain participation ad foreign direct investment

According to UNCTAD (2013) and OECD (2015), thetm@pation of countries in GVC
along with its development is largely driven by tmational companies through Foreign Direct
Investment (FDI). In the literature, the inward F&bck? is often used as a proxy to outline
GVC-oriented FDI. Several studies highlight a puesitcorrelation between inward FDI and
GVC participation (UNCTAD (2013), OECD-WTO-WB (2014€DECD (2015), Kowalsket al.
(2015), Buelens and Tirpak (2017)).

Across selected OECD economies, Luxembourg presleatargest stock of inward FDI
excluding SPE¥ relative to GDP (Chart 13). The stock of inwardl EDerages 308% of GDP
over the period 2013-2015 (based on available detaddition, over the latter period, the stock
trends upward. In line with the importance of GV@&rtgipation in the finance and insurance
industry (Chart 12), inward FDI is primarily direct to the finance and insurance sector in
Luxembourg (representing on average 138% of GDP theeiperiod 2013-2015), followed by
the wholesale and retail industry (respectively%806f GDP) and the business and real estate
services (respectively, 68% of GOP)This result is in line with the fact that Luxemiog is
mainly a buyer of foreign value added (Chart 9gelead, according to Taglioni and Winkler
(2016), buyers of foreign value added are likelyobserve FDI inflows and high inward FDI
stocks in sectors and products of GVC specialinafie. the finance and insurance industry in

the case of Luxembourg).

32 Table D in Appendix D computes the RCA index basadtotal domestic value addeEXGR_DVA where
EXGR_DVA EXGR_DDGEXGR_IDGEXGR_RIM. Results do not differ substantially comparedable 1.

33 The inward FDI stock is defined as the value ogifgn investors’ equity in and net loans to entisgs resident in
the reporting economy.

34 According to OECD (2015), Special Purpose EntileBEs) are entities whose role is to facilitat ititernal
financing of a multinational enterprise but thatédittle or no physical presence in an economyeBgluding such
entities from their FDI statistics, countries pmasioly have a better measure of the FDI into theimtry that is
having a real impact on their economy.

35 Source: OECD Hitp://stats.oecd.org/index.aspx?langye@lobalisation\FDI statistics according to Benankn
Definition 4" Edition (BMD4)\FDI positions\FDI positions by indtry BMD4\Inward and outward FDI by industry.
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Chart 13: Inward FDI stock excluding Special Purpog Entities (SPES) across selected
OECD countries

M Inward FDI (Resident Operating Units - Non-SPEs)-to-GDP ® 2013 2014 ®2015
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Source: OECD, average 2013-2015, based on avaitkdtée Globalisation\FDI statistics according tan8emark
Definition 4" Edition (BMD4)\FDI positions\FDI positions, maimggregates BDM4\FDI positions, main aggregates
BDM4. Inward FDI stocks are measured as a sha@GDi#.

4.7 Length of the sourcing chairversus length of the selling chain

While the GVC participation index points to the ahwement degree of a given country
within a vertical production network, it does nafarm about the production lengthe. the
number of production stages a given country isIvea in within the value chain. Indeed, a high
backward GVC participation may not necessarily efla long value chain as it could
correspond to the use of expensive intermediatelysts €.g. costly raw materials, high
technology inputsetc) in a very short (or simple) value chain. Sintjfala high forward GVC
participation may not necessarily reflect a londugachain as the value could be added all at
once in the final stage of the production procesa very short (or simple) value chain. This is
why the GVC length can be a useful and complemgnitalicator to the GVC participation (De
Backer and Miroudot (2014)). To this aim, the kiere set out two main indicators: the length
of the sourcing chain and the length of the seltihgirt®. These indicators reflect the complexity

%6 To measure the sourcing chain length, Dietzenbbaghd Romero (2007) use the average propagatiagthien
(APL) indicator. Fally (2012) and Antra al. (2012) propose an index of the number of prodncttages often
labeled in the literature as th&VC length index According to De Backer and Miroudot (2014), tiieasure is
equivalent to total backward linkages. To measheegelling chain length, Fally (2012) and Antgisal (2012)
introduce the distance to final demafidStarting from one industry in a given countiyetlatter indicator measures
how many stages of production are left before tloelpct reaches the final consumer. According toBaeker and
Miroudot (2014), this measure is equivalent to Itfdaward linkages. For further information, seec&sh (2017),
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of the production process (Wargg al (2017)) and the level of opportunities a courtan
exploit within GVC to ultimately export value addé€dan der Marel (2015), Taglioni and
Winkler (2016)).

Length of the sourcing chain

From the perspective of value added buyers, thecsmuchain length addresses the
degree of interconnections of a particular cousggior with those upstream countries/sectors
from which it purchases intermediate products (Ressan (1957), Miller and Blair (2009)).
According to De Backer and Miroudot (2014), thersig chain length is equivalent to total
backward linkages and provides a measure of doeanrsiness (Miller and Blair (2009), Waay
al. (2017)). The sourcing chain length can be decamganto domestic and international parts
(OECD (2012)). The domestic part measures the temdtproduction processes when the
intermediate products for the realization of affipduct are domestically sourced. Conversely,
the international part measures the length of pto processes when the intermediate
products for the realization of a final product aceirced from foreign countri€s The minimum
value of the sourcing chain length is unity if #nés only a single production stage in the final
industryi.e. when no intermediate products (whether domestiftoign) are used to make a
product. In the latter case, the product is diyeptirchased by final customers. Conversely, the
value of the sourcing chain length increases whermediate products from the same industry
or other industries in the domestic country or adrare used in the production process of a
given produc®. According to Taglioni and Winkler (2016), the scing chain length can inform

about the potential benefits a country can explititin GVC, assuming that longer value chains

“Annex 4.2: Measuring the length of global valueaitts and the number of border crossings”, p. 1bd, Re
Backer and Miroudot (2014), “Annex 1: Indicators@®lobal Value Chains”. See also Appendix C.

87 Source: https://stats.oecd.org/ Industry and Services\Structural Analysis (STAN)atabases\STAN
Archives\OECD Global Value Chains indicators - M4 3\Indices of the number of production stages.

38 Industries with a sourcing chain length close mayuwould typically be the case of local produatidirected to
domestic final consumers.(.real estate activities, education activities).sTthbes not mean that local production is
less developed, but rather that there is limitedggaphical and vertical fragmentation in these viads.
Conversely, industries where the sourcing chaigtleigets higher than unity typically represent glgiroductions
characterised by a large geographical and vefftiagimentation of the value chaie.§.communication equipments,
motor vehicles). See for example, OECD (2012) aaglidni and Winkler (2016), “Figure 4.17, Length®durcing
Chains, by Industry, 2008”, p. 84.
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(i.e. more fragmented or more complex value chains)igeomore opportunities to countries as

they offer a greater number of participation pa$iigs.

Chart 14 presents the sourcing chain length actossitrie$®. On average over the
period 2000-2011, the index varies between 1.7 ZaAdfor the considered countries. China
features the longest sourcing chain, reflectingptscialization in sourcing intermediate products
to produce manufacturing products given its stafusorld factory (Mees (2016)). Luxembourg
presents a rather long sourcing chain, holdingstkih longest sourcing chain across countries.
In addition, Luxembourg features the second longa&rnational sourcing chain across
countries, behind China.

This result is in line with the fact that Luxembgus deeply integrated in GVC and
presents a strong backward participation (ChartT®e fact that an important part of the
production stages is located abroad agrees witrtiadl size of the country and the importance
of global or more accurately regional partitionpybduction chains in which Luxembourg is
involved (Chart 11.1). Indeed, larger countrieddea a relatively shorter international sourcing
chain length (hence a longer domestic sourcing nchangth) as they utilize intermediate
products from their domestic value chains to atgreaxtent (see for example, Japan, Brazil, the
United States, Australia, India and Russia, in Chdy.

Moreover, Chart 14 shows that for the majority obrsomies (including Luxembourg)
the sourcing chain length has increased over tirhes suggests that, over the period, the value
added network has become more fragmented or momeple®, with production stages
implemented in more countries. For Luxembourg,ititeease in the sourcing chain length is in
line with the increase in backward GVC participataver the period of analysis (Chart 10).

The fact that Luxembourg features a long, increasamd internationally-oriented
sourcing chain bears advantages and limits. Orottee hand, long sourcing chains are often
associated with complex GVC where countries carlo@xp lot of opportunities in terms of
technology transfers for example (van der Marell®0 Taglioni and Winkler (20169). In
Luxembourg, these opportunities can be illustratgdthe strong and increasing inward FDI

3% The calculation of the sourcing chain length fakoDe Backer and Miroudot (2014) and is equivatentotal

backward linkages (see Appendix C). Literally, foaircing chain length informs about the level dfuence by a
given country/sector on the output of all countsestors through its purchases or its input den{dMuatx et al

(2014)).

40 See Taglioni and Winkler (2016), p. 85.
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stock (Chart 13) or by the contribution of GVC &atb economic activity and domestic
employment (section 2). On the other hand, longra@ong chains and in particular

internationally-oriented sourcing chains could igpn@ higher exposure to foreign shocks,
including GVC disruptions. The latter result corsuwith the large trade dependence of
Luxembourg evidenced in Chart 1. This means th&greal demand is a substantial driver of
economic activity in Luxembourg but also that tloaimiry is substantially exposed to foreign

shocks.

Chart 14: Length of the sourcing chain across counies
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on available data.

Chart 15 presents the sourcing chain length forebuxourg at the sector level. The
longest sourcing chains are found in the basic fabdcated metals industry, the chemicals
products industry, the refined petroleum produesthistry and the finance and insurance sector.
This result is in line with the productive struawf the economy and especially the presence of
global manufacturers in Luxembourg relating to filiener three industriese(g. Arcelor Mittal,
Goodyear DuPont de NemourShell Essq etc) and the numerous financial entities in the
finance and insurance sector that Luxembourg hasta global financial centee.§. banks,
investment funds, insurance companies and MNEsliadéls mainly involved in financial
intermediation). Regarding specifically the finareoed insurance sector, a comparison across

countries unveils that Luxembourg possesses thgekinsourcing chain over the period of
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analysiél. Thus, as a global financial center, Luxembourgyfscally the type of competence
centers where financial firms from other countrdéfshore some activities as evidenced by the
important stock of inward FDI pertaining to finaraed insurance activities (section 4.5) and by

the important participation of this sector in GMChart 12).

Chart 15: Length of the sourcing chain across seatein Luxembourg
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Source: Author’s calculations based on OECD Intew@ry Input-Output (ICIO) tables, average 2000-2ased
on available data. NB: In Chart 15, the sector ‘@loals & non-metallic products” has been decompadséal
“Chemical products”, “Refined petroleum productsitidRubber & plastic products”.

Length of the selling chain

From the perspective of value added sellers, thgtheof the selling chain (or distance to
final demand) indicates the degree of interconnastiof a particular country/sector with those
downstream countries/sectors to which it sellsoifput (Rasmussen (1957), Miller and Blair
(2009)). In other terms, the selling chain lengtasures how many stages of production are left
before the goods and services produced by an irydastby a country reach final consumers
(Fally (2011, 2012), Antrast al (2012)). It can be interpreted as the numbertafes that
intermediate products cross borders before readimiad) consumers. According to De Backer
and Miroudot (2014), the selling chain length isiieglent to total forward linkages and provides
a measure of upstreamness (Miller and Blair (2008dnget al (2017)). The selling chain
length can also be decomposed into domestic areinational parts. Basically, a country

presents a short selling chain if the length iselto unity. This country is then positioned more

41 Author’s calculations based on OECD Inter-Countigut-Output (ICIO) tables. Results are availabtenf the
author upon request.
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downstream and tends to serve relatively moreitied producers or the final consumers at the
end of the value chain. This is typically the cadecountries that regroup a high share of
customer-oriented activities that are close tolfidemand €.g. tourism, customer services,
education,etc). Conversely, a country presents a longer seltihgin as the length becomes
higher than unity. This country is positioned mangstream in the value chain, closer to its
beginning, and thus far from final producers oafinoonsumers. Countries entering this category
generally specialize in activities such as innawati research and development, design,
production of raw materialgtc Such activities are often pre-requisites beftwe ¢conception
and then the selling of a product to final consisf{@ECD (2012)).

Chart 16 reports the length of the selling chairose countri¢€. On average, over the
period 2000-2011, the selling chain length variebmeen 1.6 and 2.7 across countries. The
longest selling chains are found for Singaporen@&land Malaysia. Luxembourg comes fourth

and features the third longest international sglihain, behind Singapore and China.

Chart 16: Length of the selling chain across countes
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on available data.

Over time and for the majority of countries (indhgl Luxembourg), the selling chain

length has increased. This suggests additionahfeagation in the global value chains and a

42 The calculation of the selling chain length followide Backer and Miroudot (2014) and is equivalentotal
forward linkages (see Appendix C). Literally, thedling chain length informs about the level of ughce by a given
country/sector on the output of all countries/sectbrough its sales or its output supplies (Metral. (2014)).
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move for most countries towards upstream activitizs Backer and Miroudot (2014) found a
similar result. They explain that the upstream méMemost countries is consistent with the
overall increase in the sourcing chain length (€td) and the offshoring phenomenon (Chart
13). Indeed, when the production of some interntegpaoducts is offshored, their value added is
moved backward (or upstream) to the industries lspugpintermediate products, leading to an

increase in the length of the selling chain (Ch&it

Chart 17 presents the sourcing chain length ats#wor level in Luxembourg. The
longest selling chains are found for the followindustries: refined petroleum products; mining
and quarrying products; basic and fabricated metaikties (electricity, gas and water); wood,
paper and publishing; rubber and plastic produtte services industrye(g. finance and
insurance, business and real estate services,na¢i@mad cultural services) feature shorter selling
chains - due to the nature of their customer-oe@rdctivities - and are thus located relatively

closer to final demand.

Chart 17: Length of the selling chain across sectsrin Luxembourg
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Source: Author’s calculations based on OECD Intew@ry Input-Output (ICIO) tables, average 2000-20iased
on available data. NB: In Chart 17, the sector ‘@Gloals & non-metallic products” has been decompdséal
“Chemical products”, “Refined petroleum productsitidRubber & plastic products”.

Altogether, the long and internationally-orientexicing and selling chains point to an
important degree of interconnections of Luxembowity upstream and downstream countries in
GVC. In other words, this suggests that Luxembaeg an important chain-link in the global

value network.
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Merging GVC length with GVC participation: the GVC smile curve indicator

Merging the GVC length with the GVC participatiomforms about the evolution of
Luxembourg’s GVC participation along the GVC chkngth. As we need more than one sector
to be able to draw a curve and examine its shapecamsider the sector where Luxembourg
holds a GVC-related revealed comparative advaniagehe finance and insurance industry
(Table 1) along with the sectors that feature a @¥lated RCA(Table 1) or a domestic value
added-based RCA (Table D, Appendix D) higher tha@. dhe latter sectors pertain to business
and real estate services, construction, transpuit talecom, personal and cultural services.
Following these lines, Chart 18 depicts the figufes Luxembourg by considering the
aforementioned five sectors. The upper (lower) tshahow the GVC participation (forward
GVC participation). The left-hand (right-hand) dsapresent the sourcing chain length (selling
chain length).

A few observations are worth noting. First, theatieihship between GVC participation
and GVC length is a U-shaped curve, resemblingikesithis confirms the results found in the
literature advocating that most of the value addecreated at the extreme sides of the global
value chains.e. whether in upstream activities or in downstreartivdies while typically only
limited value added is created in activities lodatethe middle of the value chain, pertaining to
pure manufacturing and assembly stages (WTO (2@BYLD (2012, 2016a), Yet al (2015),
Degainet al. (2017)). Second, the sectors hold different pwsst along the smile curve. Third,
the evolution of this position differs over timedaacross sectors.

Across the considered sectors, one sector is ldcatehe right-hand extremity of the
GVC smile curve: the finance and insurance indugthe other considered sectors are located at
the bottom of the GVC smile curve. The finance exsdirance industry is hence the sector where
most of the value added is captured from LuxembBeu®&yC participation over the considered
period. In turn, this contributes to explain whistepecific sector acts as an important catalyst of
economic activity and employment in Luxembourg. 8Amatter of fact, the contribution of the
finance and insurance sector to the value addeatedten Luxembourg in 2016 amounts to
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almost 30%. In addition, employment in the finance and insgmindustry along with business
and real estate services accounts for almost 30%otaf employment in Luxembourg in
2017Q24. Over time, the finance and insurance industry rhased to the right of the-axis.
This suggests that the sourcing chain length (SHEBt1 and 18.3) and the selling chain length
(Charts 18.2 and 18.4) have increased.

43 Source: STATEC, http://www.statistiques.public.lu/en/index.htmiIHome\Economy and finance\National
accounts\Annual accounts - Aggregates by branctWetmn by activity (NaceR2)(at current prices) (millions
EUR) 1995 — 2016.

4 Source: STATEC, http://www.statistigues.public.lu/en/index.htmHome\Economy and finance\National
accounts\Quarterly accounts - Aggregates by braimtAh employment by activity (NaceR2) (in 1 000 guets)
1995 - 2017.
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Chart 18: Merging GVC patrticipation and GVC chain length: the GVC smile curves in Luxembourg
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Chart 18.1: GVC participation & sourcing chain length

Chart 18.2: GVC participation & selling chain length
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Chart 18.3: Forward GVC participation & sourcing chain lengtt

Chart 18.4: Forward GVC participation & selling chain lengtt
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Source: Author’s calculations based on OECD Intew@iry Input-Output (ICIO) tables, based on avddablata. The smile curve is drawn based on a
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case in the charts, due to the approximation othiée curve with a polynomial trend of order 2.
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5. Global value chains: the final consumers’ side

5.1 Who are the ultimate consumers of Luxembourg'salue added?

The previous section focused on the direct linksvben a country and its value added
trade partners within GVC. Trade in value addetisties provide also an understanding of the
final consumers of a country’s value added. Fimalstimers gather economic agents that absorb
final value added — or final products — at the efdhe value chain, as consumptioad.
households, non-profit institutions serving houséti@and government) or as investments.

Chart 19 presents the ultimate foreign consumerd.wofembourg’s value added. It
computes the share of domestic value added prodndatkembourg and embodied in a foreign
country’s final demand divided by the total domestalue added embodied in foreign final
demand by Luxembourg. The domestic value added di@tbon foreign final demand captures
the value added that domestic industries expot botctly through exports of final goods or
services, and indirectlyia exports of intermediate products that reach fordigal consumers
In Chart 19, figures are averaged over the peri6@02011. The chart also presents the
evolution of the latter share for the years 1998® 2005 and 2010 (given available data).

From a geographical perspective, the main ultincatesumers of Luxembourg’s value
added are located in Germany (14.92%), France 3%).6ltaly (9.02%), the United States
(8.69%), Belgium (8.33%), the United Kingdom (4.9880d the Netherlands (3.86%). Between
1995 and 2011, the geographical partition has edblvThe average share of advanced
economies lost ground while the share of East AarahEastern European emerging economies
gained some importance in relative tettné similar observation prevails at the sector lered
notably in the finance and insurance industry. tRerlatter sector, although advanced economies
remain the main ultimate consumers of Luxembouxglkie addetf, their share declined in

relative terms compared to EMEs

45 For instance, over the period 2000-2011, the aeeshare declined for France (-3.06%), the Nethdsa-
2.95%), Belgium (-2.23%), Japan (-2.04%), Germafy96%) and Switzerland (-0.57%). On the other hahe
share increased for Italy (0.74%), the United Stqe63%) and the United Kingdom (3.65%) but thereéase
remains relatively weak compared to the increaskast Asian and Eastern European emerging econdmigs
Estonia (18.68%), Slovakia (17.73%), Lithuania 62P56), India (12.62%), China (10.24%) and Russia8%)).

46 By order of importance and on average, over thdoge2000-2011, the main ultimate consumers of
Luxembourg’s value added in the finance and insteasector (as a percentage of Luxembourg’s totaledtic
value added embodied in foreign final demand is #@ctor) are Germany (13.81%), Italy (13.02%), Winéted
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Chart 19: Who are the ultimate foreign consumers of. uxembourg’s value added?
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Source: OECD-TiVA database (December 2016), aveedi®-2011, based on available data. Ratio: Share o
domestic value added embodied in foreign final dear@-total domestic value added embodied in fardigal
demand.

When reported to GDP, the domestic value added dmtban foreign final demand
informs about the contribution of external finahtend to domestic GDP. On average, over the
period 2000-2011, foreign final demand contributed54.52% of Luxembourg’'s GDP (Chart
20). This means that over this period, 64.52% ofdmbourg GDP depends on foreign demand
while 35.48% relies on domestic demand. Acrosstmsidered countries, Luxembourg features
the most important contribution of foreign finalrdand to GDP; a contribution that increases all
over the period 1995-2011 (Chart 20).

States (9.06%), France (7.95%), Japan (4.23%)n§pa3%), the United Kingdom (3.13%) and Belgil2rdg8%).
See Chart E.1 in Appendix E.

47 For example, over the period 2000-2011, the aeesitare declined for the Netherlands (-11.37%)addp
2.13%) and Belgium (-0.86%). On the other hand, ghare increased for Germany (1.75%), Italy (1.80%19
United States (2.59%), France (2.67%) and the dri{iegdom (11.36%) but the increase remains redfitiwveak
compared to East Asian and Eastern European engeegionomies€g.g. Slovenia (28.36%), Vietham (27.13%),
Russia (23.19%), India (17.22%) and China (11.68%gp Chart E.1 in Appendix E.
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Chart 20: Contribution of external final demand to GDP across countries
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Source: OECD-TiVA database (December 2016), aveP@®9-2011, based on available data for domestigeva
added embodied in foreign final demand; IMF for GIRatio: Share of domestic value added embodiddreign
final demand-to-GDP.

At the sector level (Chart 21), the foreign se¢hat accounts the most for Luxembourg
GDP is the finance and insurance industry (reptesgi34.91% of total domestic value added
produced in Luxembourg and embodied in foreignlfdemand) followed by business and real
estate services (19.309%)the transport and telecom industry (13.68%hd the wholesale and
retail industry (12.0698).

48 Business services cover real estate activitieging of machinery and equipment, computer andedlactivities,
research and development and other business agigourcehttps://stats.oecd.org/See Appendix F.

4% The transport and telecom industry includes trartspnd storage, post and telecommunications (sourc
https://stats.oecd.ofg/See Appendix F.

50 The wholesale and retail industry regroups whddesad retail trade, repairs, hotels and restasrésuurce:
https://stats.oecd.ofg/See Appendix F.
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Chart 21: Who are the ultimate foreign consumers of.uxembourg’s value added?
Decomposition at the sector levdbr Luxembourg
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Source: OECD-TiVA database (December 2016), aveedi®-2011, based on available data. Ratio: Share o
domestic value added embodied in foreign final demby sector-to-total domestic value added embodhed
foreign final demand.

5.2 Where does foreign value added embodied in Lux#ourg’s final demand come

from?

While the domestic value added embodied in foréigad demand looks at the sales side,
on the buying side a mirroring measure is provibdgdthe foreign value added embodied in
domestic final demand. The latter reveals the amotiforeign value added present in final
products purchased by households, non-profit uigtids serving households, government or as
investments in Luxembourg. This measure shows malustries abroad are connected to final
domestic consumers.

Chart 22 presents the main providers of foreignea@dded embodied in Luxembourg’s
final demandIt computes the share of foreign value added predadroad by a foreign country
and embodied in Luxembourg’s final demand dividgdHe total foreign value added produced
abroad and embodied in Luxembourg’s final demarglrEs are averaged over the period 2000-
2011. The chart also presents the evolution ofdtier share for the years 1995, 2000, 2005 and
2010 (given available data).

From a geographical perspective, the most impogentiders of foreign value added to
Luxembourg’s final demand are Germany (18.64%)néea(14.45%), Belgium (11.87%), the
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United States (7.16%), the United Kingdom (6.78R&)y (6.11%) and the Netherlands (4.79%).
Between 1995 and 2011, the geographical breakdoaenchanged. The share of advanced
economies lost ground to the benefit of East Asiath Eastern European emerging econothies

A similar observation prevails at the sector leaall notably for the finance and insurance
industry. For the latter sector, although advaresahomies remain the main ultimate providers
of foreign value added to Luxembourg’s final denfdntheir share declined in relative terms
compared to EMES.

Chart 22: Who are the main providers of foreign valie added embodied in Luxembourg’s
final demand?
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Source: OECD-TiVA database (December 2016), avedifi-2011, based on available data. Ratio: Shhre o
foreign value added embodied in domestic final deir@-total foreign value added embodied in dorseftial
demand.

51 For instance, over the period 2000-2011, the aeeshare declined for Belgium (-5.49%), the Netmatbs (-
3.41%), Switzerland (-1.40%) and Germany (-1.03@%).the other hand, the share increased for Fraht€%),
the United Kingdom (1.44%), Japan (1.86%) and thadd States (4.70%) but the increase remainsvelpatweak
compared to East Asian and Eastern European emgesgionomies €.g. Slovakia (31.69%), Brazil (31.28%),
Estonia (29.21%), Latvia (21.35%), Lithuania (2289 China (15.32%), India (15.05%), Poland (12.04&0})
Russia (10.95%)).

52 By order of importance and on average, over thi@e000-2011, the main providers of foreign vadukled to
Luxembourg’s final demand in the finance and ineaeasector (as a percentage of total foreign vakided
embodied in Luxembourg’s final demand in this sBcave France (13.44%), the United States (12.4@é)many
(12.33%), Belgium (11.46%), Switzerland (7.21%§ thnited Kingdom (6.41%), Italy (5.88%) and the INatands
(4.94%). See Chart E.2 in Appendix E.

53 For example, over the period 2000-2011, the aeeshgre declined for Belgium (-5.14%), Switzerl&®162%),
Italy (-1.76%), Germany (-1.54%). On the other hahe share increased for France (1.15%), Jap&8%®, the
United States (3.72%) and the United Kingdom (4.2B% the increase remains relatively weak compéodgdast
Asian and Eastern European emerging economigsRussia (24.85%), Estonia (24.51%), China (19.92%@ia
(17.06%) and Poland (15.89%)). See Chart E.2 inefdjx E.
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At the sector level (Chart 23), the main industr@eviding foreign value added
embodied in Luxembourg’s final demand are by omlermportance, business and real estate
services (representing 23.57% of total foreign @added embodied in domestic final demand),
wholesale and retail (15.08%), personal and cultseavices (11.06%), transport and telecom
(9.42%), chemicals and non-metallic products (6.05fansport equipment (4.53%) and finance
and insurance (4.06%). It is not surprising to fthd finance and insurance sector far from the
first positions given that Luxembourg already gathe large number of finance and insurance

intermediaries able to satisfy foreign needs bs dlomestic ones.

Chart 23: Who are the main providers of foreign valie added embodied in Luxembourg’s
final demand? Decomposition at the sector level for Luxembourg
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6. Conclusion

The paper analyses the place held by Luxembourgmadl open economy - in the global
value networkvis-a-vis other advanced and emerging market economies.p@per relies on
trade in value added statistics retrieved from OHB@Br-country input-output tables, available
over the period 1995-2011. The analysis is mukifed as implemented within a sample of 50

advanced and emerging market economies, at theérgdawel, at the sector level and over time.

The paper highlights the following results. Acr@SCD countries, Luxembourg features
the highest dependence to trade. Foreign tradeilootgs strongly to economic activity and
domestic employment. Trade in intermediate prodregsesents the majority of foreign trade in
Luxembourg. In this regard, the country appeatsetdeeply integrated in GVC as it features the
highest GVC patrticipation across the consideredchtas. Luxembourg’s GVC patrticipation is
characterized by a strong backward participatiah @anelatively low forward participation. This
means that Luxembourg trades a larger amount efnrgdiate products imported from abroad
while it exports a lower amount of domestically gwoed intermediate products. In other words,
Luxembourg is primarily a buyer of foreign valuedad and less a seller of domestic value
added. This is generally the case of small opemauoees. The latter usually source more
intermediate products from abroad in GVC than largeonomies where, given their size, a
longer part of the value chain is domestic and Bemtigher share of intermediate products is
produced domestically. Moreover, Luxembourg’'s GV@rtigipation is characterized by an
involvement in long, increasing and internationatjented production chains, whether on the
sourcing side or on the selling side. The courttnstfeatures strong upstream and downstream
interconnections in GVC with other partner courstri€his suggests that Luxembourg acts as an
important chain-link in the global value network.

The major part of Luxembourg's GVC trading partnisrocated in Western Europe (by
order of importance, Germany, Belgium, Switzerlahthnce, the United Kingdom and lItaly)
implying that the supply chain network is not glblbar Luxembourg but rather regional.
Notwithstanding this, the share of East Asian aadt&n European emerging countries - albeit

relatively low compared to advanced economiesndegeasing over the period of analysis.
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At the sector level, Luxembourg’'s GVC participatisnconcentrated in the finance and
insurance industry. It is from this specific sectioat the country retrieves the most important
share of value added from GVC. This is notably emmed by the position of this sector at the
extremity of the GVC smile curve. The latter obsgion concurs with the fact that Luxembourg
is able to capture large benefits from GVC paratign in the finance and insurance industry in
terms of inward FDI, employment and economic agtivi

In addition, the analysis shows that across thesidered countries, Luxembourg
possesses a revealed comparative advantage in W@ finance and insurance industry. This
comparative advantage is maintained over timeersimple of countries.

Eventually, the main ultimate foreign consumersLokembourg’s value added are
located in Western Europe. Outside Europe, theddritates are an important final customer.
Notwithstanding this, the share of East Asian aadt&n European emerging countries, albeit
relatively low compared to advanced economiesydseiasing over the period of analysis. At the
sector level, Luxembourg’s ultimate consumers arengrily located in the finance and
insurance industry, followed by business and rstdte services and the transport and telecom
industry. On the other side of the chain, the piexs of foreign value added to Luxembourg’s
final demand share similar geographical charadiesisHowever, at the sector level, the main
providers of foreign value added to Luxembourg'safidemand originate primarily from
business and real estate services and less froffindrece and insurance sector. This suggests
that the Luxembourg’'s finance and insurance ingusrable to satisfy domestic needs, in

addition to foreign ones.

Moving forward, as soon as the OECD releases th&r-country input-output tables
after 2011, the analysis will be updated. Moreover, improve the understanding of
Luxembourg’s position in GVC, future work could oesto network analysis (Cerinat al
(2015), Zhuet al (2015), Amador and Cabral (2016), Xiat al (2017)). The latter tool
contributes to reveal interesting stylized factstba value added network structure that are
useful to guide both research and policy analyGier¢ffi et al. (2005), Santoni and Taglioni
(2015)). In particular, by characterizing the pldedd by a given country within GVC, the
network analysis allows understanding how shoc&asmit within the global value network

(Frohnm and Gunnella (2017)). Furthermore, while phper provides a better understanding of
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the place held by Luxembourg in the global valuevoek, it does not investigate thoroughly the
underlying factors that determine such a placedmly hints at themd.g. distance to trade
partners, country’s size, natural resource endovsnésx benefits, skilled workforce, quality of
infrastructure, political stability and better Ing standards). Testing which factors contribute to
explain the involvement of Luxembourg in GVC togetiwith its evolution over time could
constitute a potential sequel of this paper. Bpah important question revolves around the
implications for Luxembourg regarding its deep gnégion in GVC. Here again, the paper
makes allusion to several potential consequenicessfrong dependence on foreign demand,
strong exposure to GVC disruption) but a refinedlgsis is required to address properly the
exposure to shock propagativia GVC or the implications of strong GVC participation terms

of current account imbalances (Haltmaier (2015)géfmast and Stehrer (2015), ECB (2017)).
An in-depth analysis is a pre-requisite to ansvs@sé questions and could again constitute a

potential sequel of this paper.
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Appendix

A. Decomposition of gross exports

Koopman et al (2014) put forward a decomposition of gross etgpdnto nine
components (Chart A.1). This decomposition encosgmprevious attempts proposed in the
literature, notably Hummelst al. (2001) and Johnson and Noguera (2012a,b).

Chart A.1: Decomposition of gross exports by Koopmaet al. (2014)
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(1) Domestic value added in direct final produgb@sxs include final goods and services
entirely produced in the domestic country withdw tequirement of any intermediate products

imported from abroad and that are exported andedypntonsumed in a foreign country.

(2) Domestic value added in intermediate produgtoets absorbed by direct importers
cover intermediate goods and services entirely yred in the domestic country without the
requirement of any intermediate imports. Theserméeliate products are exported to a foreign
country and are used by the direct (or initial) artpr to produce final goods and services to be

subsequently consumed in this foreign country.

The sum (1) + (2) is labeled absorption or domestiie added sent to consumer
economy. It corresponds to the domestic value adaeaidodied either in final or intermediate
goods or services that is directly consumed byirtiorting .e. foreign) economy. The terms
() + (2) represent also the direct domestic vadded content of gross exporBDC or
EXGR_DDQG. According to Rahman and Zhao (2013), the sum-((®) tells us how much of a
country’s exports is created as stand-alone expagsoutside any supply chdin

(3) Domestic value added in intermediate produetsxported to third countries include
intermediate goods and services that the direcinfoal) importer embodies into other goods
and services (final or intermediate), which arentlexported to third countries. According to
Cappariello and Felettigh (2014, 2015), this congminis labeled redirection to indicate
domestic value added that is absorbed abroad bgtres other than the direct (or initial)
importer. This corresponds to the indirect domestice added content of gross expolXJ or
EXGR_IDQ.

The sum (1) + (2) + (3) corresponds to the dimntl indirect domestic value added
content of gross exports. When dividing the sum+12) + (3) by gross exports, one gets the
VAXratio by Johnson and Noguera (2012a,b). The sym (2) + (3) is also labeledFD_DVA
in the OECD-TiVA database (Aslaat al (2017)).
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(4) Domestic value added in intermediate produlctt teturns homeia final imports
include intermediate goods and services producatidrdomestic country exported abroad for
further processing and then embodied in importéinafl goods and services by the domestic
country where they are ultimately absorbed.

(5) Domestic value added in intermediate produlctd teturns homeia intermediate
imports include intermediate goods and serviceslymmed in the domestic country exported
abroad for further processing and then embodiechports of intermediate goods and services
by the domestic country where they are used toym®dinal goods and services for domestic
consumption.

(6) Double-counted intermediate product exportsipeed at home include intermediate
goods and services produced by the domestic ecormxmpgrted in the foreign economy and
exported by the foreign economy to a third econdhat eventually returns in the domestic
country.

The sum (4) + (5) + (6) is labeled reflection, talicate domestic value added that is
exported and ultimately absorbed at home. Anothleellwould be “export content of imports”.
This component measures the contribution of a egisninternal demand to the activation of its
own exports. It corresponds also to the re-impodedestic value added content of gross
exports RIM or EXGR_RIM. It is also labeleS1*in Daudinet al (2011) orRDV in Wanget
al. (2017). The latter term stands for Returned Daim&&lue, or the portion of domestic value

added that is initially exported and returned hoemsbedded in imports.

The sum (1) + (2) + (3) + (4) + (5) + (6) represete domestic value added content of
gross exports. This sum is label@V/A or EXGR_DVA Within this sum, traded products
regroup final products traded outside GVC sinceedly consumed in the foreign country
(components (1) + (2)) as well as intermediate petsltraded within GVC (components (3) +
(4) + (5) + (6)). Thus, the domestic value addedteat of gross exports includes the value
added generated by the exporting domestic countriyngl its production process as well as any

value added coming from upstream domestic supptieas is embodied in exports. In this
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regard, the domestic value added content of gngssres is the part of gross exports created in-

country,i.e. the share of gross exports that contributes to . GDP

Hummelset al. (2001) call the sum (3) + (4) + (5) + (6he value of exports that are
embodied in a second country’s export produatsd label it a8/S1 Other authors (Koopmaet
al. (2014), Aslamet al. (2017)) designate the latter sum as tkheriestic value added in
intermediate products further re-exported by thetper country or the ‘indirect value added
exports via third countriésand label it aDVX The latter sum corresponds to the forward GVC
participation and represents the multiple valueeadexchanges of intermediate products taking
place within the global value network. The forwd&®C participation captures the domestic
value added contained in intermediate productsgased in domestic production chains and sent
to third economies for further processinga the global value chains. The forward GVC
participation represents the sellers’ perspectiveupply (or selling) side of value added trade

flows.

Aslamet al (2017) note that theAX ((1) + (2) + (3)) is considered as a better measur
of the domestic value added content of gross egpban theDVA ((1) + (2) + (3) + (4) + () +
(6)). Indeed, theDVA accounts for the domestic content in intermedetports that finally
returns homeia the terms (4) + (5) + (6). The latter terms inéwddouble-counting item (term

(6)), as well as intermediate products that retorthe origin countrywia imports (terms (4) +

(5)).

(7) Foreign value added in final product exportthgafinal goods and services produced
in the domestic country with the requirement oérntediate products imported from abroad and

that are exported to a foreign country where threyeatirely consumed.

(8) Foreign value added in intermediate produgiogts include intermediate products
produced in the domestic country with the requinetrad intermediate products imported from
abroad and that are then exported to a foreigntcpwinere they are used to produce final goods

and services for consumption in this foreign cogntr
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(9) Double-counted intermediate product exportsddpeed abroad include intermediate
goods and services produced by the foreign ecorexpgrted in the domestic economy and then

exported by the domestic economy to a third economy

The sum (7) + (8) + (9) represents the foreign @added content of gross exports. This
sum is labeledFVA or EXGR_FVAor VS (Koopmanet al (2014)) in the literature. The foreign
value added content of gross exports is also ke as vertical specialization. It corresponds
to the value added of intermediate products thaeweoduced in other countries and imported
in order to produce intermediate or final produttsbe exported. As such, the foreign value
added content of gross exports is the share oliatogs gross exports that is not adding to its
GDP. The foreign value added content of gross dgpoepresents the backward GVC
participation. The latter corresponds to the buyeesspective or demand (or sourcing) side of

value added trade flows.

The sum of the backward and forward GVC particgragidefines the GVC patrticipation
index (Koopmanet al (2014)). Basically, this index suggests that vidiial economies
participate in global value chains by importingdign intermediate products to produce the
goods and services they export (backward GVC paation) and also by exporting
domestically processed intermediate products tenees in charge of downstream production
stages (forward GVC participation). Chart A.2 belibwstrates the value added components of
gross exports in GVC trade flows. Altogether, thens(3) + (4) + (5) + (6) + (7) + (8) + (9)

measures exports generated by the participatiancotintry in GVC.

Note that the literature often decomposes grossréxpetween domestic value added
without multiple-counting ((1) + (2)), foreign vawadded without multiple-counting and a pure
multiple-counting term. Indeed, as components [Bpugh (9) involve trade in intermediate
products within GVC, implying that products crosational borders at least twice before
reaching final consumers, they are thus the soofcrultiple-counting in standard gross trade
statistics. In other terms, indirect domestic vahagled exports, re-imports and foreign value
added exports which involve intermediate trade #amithin GVC embed a double or multiple-

counting term in standard gross trade statistics. & result, gross exports can also be
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decomposed as domestic value added without multgating, foreign value added without

multiple-counting and a pure multiple-counting tetience:

Domestic value Foreign value
Gross exports|  _ added content | added content | Pure multiple-
without multiple- without multiple- counting term
counting counting

According to Cappariello and Felettigh (2014, 201the literature (Koopmamt al
(2012) and Rahman and Zhao (2013)) entertainsdghiemthat countries featuring a large share
of forward GVC patrticipation in gross exports tetadbe specialized in upstream activities.
Conversely, countries with a large share of backv@yC participation in gross exports tend to

be specialized in downstream activities.

Cappariello and Felettigh (2014, 2015) add thatdbepmanet al (2014) decomposition
focuses on GDP and hence does not consider theotasBrm offshoring its entire production
(and sales). In the latter case, no exports arerded by the home economy and even profit
repatriation would not contribute to its GDP (thbuig would contribute to GNP through the

income account, in the balance of payments).

Chart A.2: Value added components of gross exporia GVC trade flows
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B. The measurement issue of double or multiple-cotimg in gross trade figures

To understand the issue of double or multiple-cimgnin gross trade figures, consider
the hypothetical example of the production of aickee.g. an electronic device) imported and

finally consumed in Luxembourg.

Chart B.1: Hypothetical example of a GVC to undersand gross trade, trade in value added
and multiple-counting
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Based on the example provided in Chart B.1, HonghgKexports a device to
Luxembourg. From the Luxembourg’s perspective,déece is recorded by national authorities
in the Luxembourg’s trade account as an import fidomg Kong (and will probably require a
tag “Made in Hong Kong”). However, some of the imediate products used for the production
of the device might have been produced in and itegoirom different countries, for example
Italy, China, South Africa or Brazil (Chart B.1)h& value of these intermediate products has
been recorded as Hong Kong imports from Italy, @hBouth Africa and Brazil but not linked
with the exportable final product. As a consequenice country of the final producer (Hong
Kong in Chart B.1) appears as capturing most ofvedae of products traded, while the role of
countries providing intermediate products upstrgtiaty, China, South Africa and Brazil) can

be overlooked.
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At present, official trade statisticeg. gross trade statistics) do not differentiate wheth
the intermediate products in the production of degice were produced in Hong Kong or not;
thus possibly inflating the role of exports for HpKong. Furthermore, this official recording of
trade creates double, triple or multiple-countingriternational trade. Indeed, the total value of
the device was counted as a final export of Hongd{dut so were the intermediate products
exported from the other countries (ltaly, ChinautBoAfrica and Brazil), which also had
imported intermediate products which in turn wexeorded as exports by countries where those
originated (this is the case of Italy, China anditS8cAfrica). Hence, the total gross exports are
overestimated at the global level and measuresatbsr of gross exports-to-GDP can be
misleading. At the extreme, in economies wherexpogs are significante(g. Singapore, Hong
Kong), gross exports could exceed the total valu&P (see Chart 1 in the core text). The
trade in value added approach avoids this multplaating issue by accounting for the net trade
flow of value added between countries. The tradealne added approach allows to differentiate
between the domestic value added in gross expodishee foreign value added in gross exports;
the latter being a source of multiple-counting nos$ exports (166 in Chart B.1). Chart B.1
clearly shows that gross trade statistics overegértotal exports (286 in Chart B.1) compared to
trade in value added statistics (120 in Chart B.1).

Empirically, differences between exported domestitie added and gross exports can
become somewhat important depending on the coufsiey Charts B.2 and B.3 below).
UNCTAD (2013) estimates that in 2010, five trillitdSD of trade flows was multiple-counted;
representing more than 25% of global gross exp&egarding the case of Luxembourg more
specifically, the ratio of gross exports-to-GDRaigger than the ratio of exported domestic value
added-to-GDP, whether at the country level (Cha) Br when considering the finance and
insurance industry (Chart B.3). This largely reftethe large amounts of foreign intermediate

products included in Luxembourg’s gross exports.
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Chart B.2: Gross trade figuresversus value added trade figures
(all sectors considered)
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C. Measuring trade in value added from inter-county input-output tables

This appendix clarifiesia a step-by-step approach how trade in value addsdas are
derived from inter-country input-output tablés

The appendix starts by presenting an input-outpbtetfor a single country with two
industries (Table C.1). When reading across rowdustry 1 delivers 100 to itself, 600 to
Industry 2 and 800 to final demand. Similarly, Istty 2 delivers 400 to Industry 1, 200 to itself
and 1000 to final demand. In this example, finahdad comprises only household consumption.
In other databases, final demand can be decompsdubusehold and non-profit institutions
serving households final consumption, governmenalficonsumption, gross fixed capital
formation, changes in inventories and acquisitiess disposals of valuables (Aslagh al
(2017)). When reading down columns, Industry 1 us¥sfrom itself, 400 from Industry 2 and
1000 from primary factord.é. labor, land and capital). Industry 2 uses 600 findustry 1, 200
from itself and 800 from primary factors. Gross @stic product (GDP) is equal to the sum of
value added (lineValue added 1000+800=1800) and also to the sum of final sgelumn
“Final demand& 800+1000=1800). Gross output measures total @oin activity in the
production of new goods and services. It is a mudader measure of economic activity than
GDP and is equal to 3180

Table C.1: Input-Output table for one country

- Intermediate demand Final demand Gross output
Industries 1 2
1 100 600 800 1500
2 400 200 1000 1600
Value added 1000 800 1800
Gross input 1500 1600 3100

NB: Figures are expressed in monetary units

54 For additional information, see Stehrer (2012)w8 (2012), Johnson and Noguera (2012a,b), Koophah
(2014), Aslamet al (2017). See also UNCTAD (2013), “Annex: Technicatte on the UNCTAD-Eora GVC
Database”, p. 26-3 “Global Value Chains: Investment and Trade for &epment”, World Investment Report
2013, United Nations, New York and Geneva.

55 Gross output measures the sum of a country's gralse addedi.g. the value of final products) and intermediate
consumptioni(e. the value of intermediate products used to prodimed products), in a given period of time. Gross
domestic producta(k.a. net output or gross value added) is equal to the ef value addede. the difference
between gross output and intermediate consumptiangiven period of time.
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Table C.2 presents an inter-country input-outpGt@) table for two countries with two
industries each. This table is a combination ofonal input-output tables and trade data that
breaks down the use of goods and services accotdiriige country of their origin (Powers
(2012)). When reading across rows, Industry 1 (@gui) delivers 100 to itself, 600 to Industry
2 (Country A), 0 to Industry 3 (Country B), 300 bodustry 4 (Country B), 800 to final
consumers in Country A and 200 to final consumer€ountry B. For a given country, gross
exports are defined as the difference between googsut and domestic demand (whether
intermediate or final) of the considered countryhaif reading down columns, Industry 4
(Country B) uses 300 from Industry 1 (Country ADO7from Industry 2 (Country A), O from
Industry 3 (Country B), 25 from itself and 215 frate own primary factors as payment to its

factors {.e. labor, land and capital).

Table C.2: Inter-Country Input-Output table for two countries

lnennesigicldemand Final demand Gross | Gross
Country A Country B output | exports
Industries 1 2 3 4 Country A | Country B
Country 1 100 600 0 300 800 200 200( 50(
A 2 400 200 0 700 1000 700 3000 1400
Country 3 50 350 50 0 10 1300 1760 41Q
B 4 250 150 0 25 5 810 1240 405
Value added| 1200 1700 1710 215
Gross input | 2000 300( 1760 1240 8000

NB: Figures are expressed in monetary units

Table C.3 is derived from Table C.2. In Table Gtz GDP is equal to the sum of the
value added of each country or equivalently toghmn of factor incomes. Indeed, value added
represents payments to primary factors (labor,tahpiand) or equivalently, the income of
factors (wages, profits, rents). The final demargeaditures sum the final demand of each
country. Final demand relates to household andpmofit institutions serving households final
consumption, government final consumption, groseedi capital formation, changes in
inventories and acquisitions less disposals ofaldes (Aslanmet al (2017)). The sum of final
demands is also equal to GDP. The net saving iglitference between the income (GDP) and
the final demand. Gross exports sum the supplytefinediate and final products to the rest of
the world. Gross imports sum intermediate and fpralducts used from the rest of the world.

Net exports are equal to the difference betweessgeaports and gross imports.
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Table C.3: Macroeconomic accounts

Country A Country B World
Value added (GDP) 2900 1925 4825
Final demand expenditures 1815 3010 4825
Net saving 1085 -1085 0
Gross exports 1900 815 2715
Gross imports 815 1900 2715
Net exports (gross value) 1085 -1085 0

NB: Figures are expressed in monetary units

Based on the inter-country input-output Table BAe can define two models: the
Leontief model (Leontief (1936, 1941)) and the Gho®del (Ghosh (1958)).

From a demand-side perspective, when reading T@leacross rows, one gets the
Leontief model. This model is based on a basic lstg@mand (or resources-uses) relationship

stating that gross outpdtmust be used as either intermediate prodUactsfinal productd-:

X=Ti+F (1)

With X, the gross output vectof, the transactions matrix (or input-output matrix o
intermediate products), whose elemgnti refers to rowsj refers to columns) describes the
value of output from a given sector in source countsed in the production of another sector’s
output by destination countiy I, an identity vectorF, the final demand vector that sums the
rows of the matrix of products used for final dewhan

Based on Table C.2, one gets:

2000 |100 600 O 300|1| | 800+200
3000 _ 400 200 O 700|1 N 1000+ 700
1760 50 350 50 O (1| | 10+1300
1240| [250 150 O 251 5+810

X=Ti+F <=>

Equivalently, the above expression can be exprassathlock matrix language as:
X=TI+F <=> Xalo| Taf M| Fa 3)
Xg Ts || | Fg
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. 2000 1760 1000 1310 1
With X, = Xg = F,= Fg = | =

3000 1240 1700 815 1

100 600 O 300 a
400 200 0 700

A

50 350 50 O
ndTg =

250 150 0 25

The above expression (3) can also be expressedeatauntry level, by aggregating

across sectors:

5000| |100+600+400+200 300+700|1 N 800+ 200+1000+ 700
3000 50+350+250+150 50+25 |1 10+1300+5+810 @)

From a supply-side perspective, when reading T&b# down columns, one gets the
Ghosh model. This model starts with a basic retatip that shows the inter-sectoral allocation

of gross outpuX between intermediate produdignd primary inputs (or value addadl)

X =T +W 5)

With X, the gross output vector, the transactions matrix; an identity vectorW, the
value added vector. The prime symbol (') denotesrirfgector transposition. The vectaW
gives value added (or factor income) in the acdagrgense. This normally includes six items:
compensation of employees, taxes on productiorsidigs on production, net operating surplus,
net mixed income and consumption of fixed capikalédmet al (2017)). In Table C.2, these six

components are all aggregated in a single catdgbgjed “value addeé®.

Based on Table C.2, one geXs:=I'T + W' <=>

100 600 O 300
400 200 O 700
50 350 50 O
250 150 0 25

[2000 3000 1760 124d=[1 1 1 1] +[1200 1700 1710 215

(6)

56 Note that it is important not to confuse the vahuled vectokV with the Domestic Value Added vector that
relates to trade in value added flows (sée).
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Or equivalently, at the country level:

1300 1000

[5000 300d=[1 1]{800 75}[2900 1929 )

We will come back later to the Ghosh model and @edcwith the Leontief model. Based
on the Leontief model, one can retrieve the matfixtechnical (or input or technological)
coefficientsA. To this aim, implement the element-wise divisadrmatrix T by the gross output

vectorX or equivalentlyA=T./X (the sign “./” denotes element-wise division). iden

005 020 0O 024

020 007 O 056
A= 8
003 012 003 O

013 005 O 002

The elementy in matrix A is equal t@&;=T;/X;. This element indicates the proportion of
input from industry used to produce one unit of output by indugtiMatrix A thus provides the
inputs consumed per unit of sector output. In otherds, it tells us that in order to produce one
monetary unit of product 1 in Country A, the follimg inputs are required: 0.05 monetary unit
of intermediate product 1 from domestic Industry(Qountry A), 0.2 monetary unit of
intermediate product 2 from domestic Industry 2 (@toy A), 0.03 monetary unit of imported
intermediate product 3 from foreign Industry 3 (@tvy B) and 0.13 monetary unit of imported

intermediate product 4 from foreign Industry 4 (Gtvy B).

If A=T./X, then T=AX. From relation (1), one getsX=TI+F <=> X=AX+F. By
rearranging, we geX-AX=F <=> (I-A)X=F <=> X=(I-A)'F <=> X=LF. The matrixL is called
the international Leontief inverse matrix (or inpaverse matrix or total requirements matrix;
Miller and Blair (2009), p. 544). Hence:

117 027 0 045
L=(_pc| 035 118 0 077 o
007 015 103 010

017 010 0 112

75



The element; of the Leontief inverse matrix reflects the total requirements from sector
i to provide a unit of the final demand for the produof sectoj. Equivalently,lj provides the
complete required quantities (direct and indiregbuits) of product to satisfy one unit of
demand of produgt In other words, the international Leontief inveersatrix tells us how much
gross output from each industry and each countrggsired to produce a given vector of final
products. Hence, in order to produce one monetaityod final product 2, the following units of
gross output are required: 0.27 monetary unit osgoutput 1 produced by domestic Industry 1
(Country A), 1.19 monetary units of gross outpytrdduced by domestic Industry 2 (Country
A), 0.15 monetary unit of imported gross outputr8duced by foreign Industry 3 (Country B)
and 0.10 monetary unit of imported gross outputotipced by foreign Industry 4 (Country B).

Using the Leontief inverse matrix, one can analyee/ value added distributes across

countries and sectors. To this aim, define a divettte added coefficient matrix (or direct
matrix of value added shares). From the Ghosh mauess outpuX sums up to intermediate
productsT and value added/ X' =I'T + W’. As T=AX, we getX’=AX+W’. Dividing by X leads
to: 1=A+v (wherev = W'./X i.e. the value added divided by gross output). By eesging, we
get:v=1-A. We thus define, the matrix of value added in global production as

060
7

v=W.X= 05 (10)
097

017

Considering the diagonal gfleads to the direct value added coefficient matrix

060 O 0 0

. 0 057 0 O
VEdagh= | g g 097 0 (th

0 0 0 017

Note that as=1-A, another way to get the matrikis by summing the elements of each
column of the technical coefficients matix putting these elements on the diagonal of a gquar

matrix and subtracting it from an identity matrigf the same size:
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005+ 020+ 003+ 013 0 0 0

A 0 020+ 007+ 012+ 005 O 0
V= |4x4 -
0 0 003 0
0 0 0 024+ 056+ 002
(12)

We get the same direct value added coefficientimgtas in (12):

V= 13)

Finally, when multiplying the matri®/ with the L matrix and the diagonal matrix of
gross exportsE, we get the trade in value added maffjx T, =V xLxE. E is the diagonal

matrix of gross exports where each element on thgodal gives the gross exports for the
corresponding country-sector. Hence:

060 O 0 0 117 027 0 045 |[500 O 0 0

0 057 O 0 035 119 0 077 8 0 1400 O 0

Y 0 0O 097 O 007 015 103 010 0 0 410 O
0 0 0 01iv] |017 010 O 112 0 0 0 405

350.76 23057 0 10858

9962 94256 0 17702
<=> T, = (14)
3513 20366 41000 4097

1449 2322 0 7843

The matrixT, essentially describes how the value added cordameross exports of
each country (and industry) is generated (by colurand distributed (by row) across
countries/sectors. Based on thematrix, one can calculate trade in value addedicsesuch as
the domestic value adde®VA), the indirect value addedDC or DVX) and the foreign value
added EVA). For ease of readability, matfix is replicated in Table C.4.
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Table C.4: Trade in value added matrix

Country A Country B
Industry 1 Industry 2 Industry 3 Industry 4
Country A Industry 1 350.76 230.57 0.00 108.58
Industry 2 99.62 942.56 0.00 177.02
Country B Industry 3 35.13 203.66 410.00 40.97
Industry 4 14.49 23.22 0.00 78.43

NB: Figures are expressed in monetary units

The first two columns of the matrik, (or equivalently, of Table C.4) describe the value
added contained in the export of Country A (by stdyi1 and Industry 2, respectively). This is
composed of two parts: the domestic value addetenonf gross exports by Country A and the

foreign value added content of gross exports bynGguA.

The domestic value addedVA) content of gross exports by Country A can be
decomposed at the sector level: 450.38 for Induk{{350.76+99.62) and 1173.13 for Industry 2
(230.57+942.56). Th®VA is larger for Industry 2 than for Industry 1, givéhat Industry 2
exports more intermediate products to Country B tmalustry 1 (respectively, 700 for Industry
2 and 300 for Industry 1, Table C.2). Hence, thaltdomestic value added content of gross
exports for Country A amounts to 1623.51 (450.383113).

The foreign value added=YA) content of gross exports by Country A can also be
decomposed at the sector level: 49.62 for Indust($5.13+14.49) and 226.88 for Industry 2
(203.66+23.22). The total foreign value added aanté gross exports amounts to 276.50 for
Country A (49.62+226.88). Recall that the produttad output by Country A (part of which is
exported) requires intermediate products from Cgui. In producing these intermediate
products, Country B also generates value addedcéjeheFVA represents the share of value
added that has been generated in Country B andriethby Country A in order to produce its
exports. The&=VA represents the source of multiple-counting in grgorts by Country A. The
FVA s larger for Industry 2 than for Industry 1 agldstry 2 uses more inputse( source more
intermediate products) from Country B (350+150, [€a3.2) than Industry 1 (50+250, Table
C.2).
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By construction, the (column) sum BIVA and FVA yields the total gross exports of
Country A. Thus, for Industry DVA + FVA = 450.38 + 49.62 = 500e. the total gross exports
of Industry 1 in Country A (Table C.2). For Indysg, DVA + FVA=1173.13 + 226.88 = 1400
i.e. the total gross exports of Industry 2 in CountryTable C.2). At the country level, the sum
of gross exports across Industry 1 and Industrga?ld to total gross exports by Country A:
500+1400=1900 (see Table C.3).

In a matrix language, by aggregating across se@omach country in the matrik, the
domestic value added of gross expoB¥4) for each country is given by the diagonal elerment
of theT, matrix:

_| 35076+ 9962+ 23057+94256 0+0+10858+17702 | [162351 28560 15
! 3513+ 1449+ 20366+ 2322 41000+ 0+ 4097+ 7843| | 27650 52940

(16)

162351
DVA = diag(T,) :{ ° 35}

52940

Thus, the domestic value added content of grossresxm Country B amounts to 529.40.
As Country B exports less intermediate and finahaded products than Country A (see Table
C.3), itsDVAIs lower than th®VA of Country A.

The foreign value adde&YA) of exports for each country can be calculateduoyming
up all the blocks in the corresponding column otrmal, and subtracting the diagonal block
matrix of matrixT,. Hence:

FVA= Zn:TUY” -diag(T.) a7
=1

FVA=
[350.76+ 9962+ 3513+ 1449+ 23057 + 94256 + 20366+ 2322} ) {162351} _ [27650}

0+0+41000+0+10858+17702+ 4097+ 7843 52940 | | 28560

Thus, the foreign value added content of gross mgpn Country B (and produced in
Country A) amounts to 285.60. It is higher thant thaCountry A. Indeed, Country B imports
more intermediate and final demand products fromry A (compared to Country A’s imports

from Country B, see Table C.3). As mentioned eqrid/A andFVA, by construction, always
79



add up to gross exports (or to unity if expressedatios of gross exports). For Country B, the
sum ofDVA andFVA leads to its gross exports: 285.60+529.40=815Tabke C.3).

By reading the matrixT, across rows, rather than down columns (and exujutihe
diagonal term of matrixT,), we would have an indication of how much of eaduntry’s
domestic value added enters as an intermediataigrad the value added exported by other
countries. The latter terms is what Koopnedral (2014) call indirect value added exports via
third countrie$ (DVX). DVX for each country/sector can be calculated by sumgrap all the
blocks in the corresponding row and subtractingdiagonal block matrix of the matrik. At

the country level, one gets:

DVX=»'T,, -diag(T.) (18)
i=1

35076+ 23057 +10858+ 9962+ 94256+17702 } [162351} B {285.60}

3513+ 20366+ 41000+ 4097+ 1449+ 2322+ 7843 ) -

DVX=
{ 52940 | | 27650

Clearly, by construction what each country contrisuto all the others in terms of
indirect value added expona third countries has to be equal at the world legelvhat each
country sources from all the others in terms oéifign value added. Hence, at the world level, the
sum of FVA is equal to the sum ddVX As a resultDVX can also provide a proxy of the

multiple-counting embedded in the gross (officted)de figures.

The literature defines various indicators basedtlen above value added metrics (De
Backer and Miroudot (2014), Taglioni and WinkleO1®)): the GVC patrticipation index, the

GVC position index and the length of the value nhai

The GVC participation index (Koopmaet al (2014)) sums the foreign value added
embodied in gross exporta.k.a.backward GVC participation) and the domestic vaddded
embodied in third countries’ gross exporek(a. forward GVC participation). This index
informs about the depth of GVC integration of aegiwcountry. The country’s GVC integration
is assessed both as a user of foreign intermegliatkicts for its own exports and as a supplier of
intermediate products processed domestically aed irs other countries’ exports. Koopmen
al. (2014) define the GVC position index as the Iéghe domestic value added embodied in
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third countries’ gross exporta.k.a. forward GVC participation) to the foreign valuedad
embodied in gross exporta.k.a. backward GVC participation). According to Koopmetnal
(2014), the larger the GVC position index, the mapstream the country in the value chain. We

thus get:
015
Forward GVC participatior BAZS = (19)
E 034
014
Backward GVC participatior FVA_ (20)
E 035
029
GVC participation= FVA + DVX = (21)
E E 069
-3
GVC positior= In@+ 2%y —ina+ FYA) 2| 417107 22)
E E - 831x10°

Hence, Country B is relatively more integrated ti@ountry A in GVC as its backward
and forward GVC patrticipations are larger than ¢hoECountry A. This means that given their
respective amount of exports, Country B trades nttoa@ Country A in GVC. In addition, the
GVC position index shows that Country B is locatedre downstream in the value chain than

Country A, the latter being more upstream.

It is also possible to compute the above metridhatsector level. When transposing the

final vectors, we get:

Forward GVC participatiore [022 013 058 009|; (23)
Backward GVC participatior [0.10 000 016 0.7]]; (24)
GVC participation= [032 013 074 080 ; (25)
GVC position= [010 012 031 -044] ; (26)

As a result, Industry 4 in Country B presents thest important GVC patrticipation
characterized by the strongest backward parti@pati is thus located more downstream in the

value chain as pointed by the GVC position. Corelgrdndustry 3 in Country B features the
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strongest forward GVC participation and is thusated more upstream in the value chain as

evidenced by the GVC position.

While the GVC participation index informs about timvolvement degree of a given
country within a vertical production network, itekonot inform about the length of value chains,
i.e. the number of production stages a given countiyvislved in.

Indeed, a high backward GVC participation may netessarily reflect a long value
chain as it could correspond to the use of expenisitermediate producte.g.raw materials,
high technology inputsstc) in a very short (or simple) value chain. Similaa high forward
GVC participation may not necessarily reflect agaalue chain as the value could be added all
at once in the final stage of the production pregasa very short (or simple) value chain. This is
why an indication on the GVC length can be usefid eomplementary to the GVC participation
(De Backer and Miroudot (2014)). To this aim, titerhture set out two main indicators: the

length of the sourcing chain and the length ofséng chain.

From the perspective of value added buyers, thecsmuchain length addresses the
degree of interconnections of a particular cousggior with those upstream countries/sectors
from which it purchases inputs (Rasmussen (1957)leMMand Blair (2009)). Following De
Backer and Miroudot (2014), the sourcing chain teng defined as::

Length of the sourcing chain: NI (I-A) =1L (27)

With N, a column vector with the indexes for all countrgeand industries; 1, a column
unit vector (the prime symbol (') denotes vect@ngposition) and\, the matrix of technical

coefficients. The term{A)* is equal to the Leontief inverse matkix

The minimum value of the inddX is unity if there is only a single production stag
the final industryi.e. when no intermediate products (whether domestifom@ign) are used to
produce a product. In the latter case, the produidirectly purchased by final consumers.
Conversely, the value of the index increases wh@rmediate products from the same industry
or other industries in the domestic country or adrare used in the production process of a

given product. In the inter-country input-outputtma we have the values of all intermediate

82



products used by one industry in a given countrysuch a matrix, one can distinguish between
the use of domestic intermediate products and #eeai foreign intermediate products by a
given country or a given industry. As a result, soarcing chain length can be decomposed
according to domestic production stages and foréogninternational) production stages. The
domestic part measures the sourcing chain lengdnwitermediate products for the realization
of a final product are sourced domestically. Thernmational part measures the sourcing chain
length when intermediate products for the realoradf a final product are sourced from foreign

countries.

According to De Backer and Miroudot (2014), theard\ is equivalent to total (direct
and indirect) backward linkages in the context af iater-country input-output table and
provides a measure of downstreamness (Miller aad B2009), Wanget al (2017)). Indeed, the
indicator of total backward linkageBL) informs about the level of influence by seqgtan the
output of all sectors through its purchases omipait demand (Miller and Blair (2009) p. 545,
Marx et al. (2014)). In other words, total backward linkagewdicate the degree of
interconnections of a particular country/sectohwitose upstream countries/sectors from which
it purchases inputs (Rasmussen (1957), Miller ailagt B2009) p. 555). Hence:

Total backward linkages: BELj= > I, (28)
i=1

WhereLs is the associated column sum of the elements ahitex L.

From the perspective of value added sellers, thgttheof the selling chain (or distance to
final demand) indicates the degree of interconnastiof a particular country/sector with those
downstream countries/sectors to which it sellsougput (Rasmussen (1957), Miller and Blair
(2009)). The selling chain length measures how npaogluction stages are left before the goods
and services produced by an industry or by a cgustich final consumers. It can be interpreted
as the number of stages that intermediate produoss borders before reaching final consumers.
A country presents a short selling chain if thegtanis close to unity. This country will be
positioned more downstream in the value chain &mdid to serve relatively more the final
producers or the final consumers at the end of/étheée chain. Conversely, a country presents a

longer selling chain as the length becomes higha&n unity. This country is positioned more
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upstream in the value chain and is thus locatedrdan final producers or final consumers. The
selling chain length can also be decomposed intoedtic and international parts. Following De
Backer and Miroudot (2014), the selling chain lénigtdefined as:

Length of the selling chain: B(-B)ti =Gl (29)

With D, a column vector with the indexes for all courggeand industriek; I, a column
unit vector andB, the allocation coefficients matrix (as opposed he technical coefficient
matrix A). The allocation coefficients matr® gives the percentage of the output of industry

that is sold to industry. In other wordshj indicates the proportion of industrs total output

that is used by industryas input for production. Henc8;=T;j/Xi or equivalentlyB = X7,
The term [-B)* is the output inversg@s opposed to the input inverseLf?). The term [-B)* is
also known as the Ghosh inverse or the Ghosh m@trhenceG=(I1-B). The latter is retrieved
from the Ghosh model. From a formal perspectiveB#diagX)T, then T=X'B. From the
Ghosh model (5), one get&! =I'T + W' <=> X' =X'B + W'. By rearrangingX’-X'B=W’ <=>

X (I-B)=W’ <=> X'=W'(I-B)! <=> X'=W'G <=> G=(I-B)1. The elemeny; of the Gosh matrix
G reflects the total required outputs from segtéo absorb one unit of the primary factors of
sectori (Rasmussen (1957), Miller and Blair (2009) p. 544).

According to De Backer and Miroudot (2014), theer® is similar to the calculation of
total (direct and indirect) forward linkages in tbentext of an inter-country input-output table
and provides a measure of upstreamness (MillerBdaid (2009), Wanget al (2017)). Indeed,
the indicator of total forward linkageBL() informs about the level of influence by sedton the
output of all sectors through its sales or its augupplies and is interpreted as the total output
required to absorb a unit of primary inputs (Milerd Blair (2009) p. 545, Mart al. (2014)).

In other words, total forward linkages indicate thegree of interconnections of a particular
country/sector with those downstream countrieséssedb which it sells its output (Rasmussen
(1957), Miller and Blair (2009) p. 555). Hence:

Total forward linkages FLi=Gr =) g (30)
i=1

WhereGi- is the associated row sum of the elements of thexn(a.
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Based on our simple example, we get:

176 1.86
1.71 1.74
N = and D= (32)
1.03 1.44
2.44 1.62
005 030 0 015 117 041 0 028
. 013 007 O 023 023 119 0 032
With B = andG = (32)
003 020 003 O 008 026 103 007
020 012 0 002 027 023 0 112

Concerning the sourcing chain lengtt),(Industry 4 in Country B presents the longest
chain and thus the largest degree of interconnestiwith the upstream sectors from which it
purchases intermediate products. In other words,stiggests that Industry 4 in Country B has
strong backward linkages and is thus located movendtream in the value chain. The reverse
holds true for Industry 3 in Country B which shotlie shortest sourcing chain. These results are
in line with the ones from the GVC patrticipatioml@x computed above (see (23) to (26)).

Regarding the selling chain lengtB)( Industry 3 in Country B presents the shortest
selling chain (or the shortest distance to finamded) and thus the lowest degree of
interconnections with those downstream sectors fndnich it sells output. In other words, this
suggests that Industry 3 (Country B) has weak foivliakages and is thus located less upstream
in the value chain. Or, the GVC participation indmmputed above (see (23) to (26)) showed
that Industry 3 in Country B featured the most im@ot domestic value added export content
and would have thus been positioned more upstredheivalue chain. However, a high forward
GVC participation share may not necessarily refeeédng selling chain as the value could be
added all at once in the final stage of the prddacprocess in a very short (or simple) selling
chain. Indeed, as evidenced in Table C.2, Induatry Country B exports 10 to Country A and
uses only its own inputs to produce its produdté3)ce the shortness of its selling chain length.
This latter case evidences the useful compleméegbetween the GVC length and the GVC

participation index.
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The Matlab codes to compute the above vectors/oeatfrom inter-country input-output
tables are available from the author upon reqidste also that Aslaret al. (2017) provide a
Matlab code (upon request) that retrieves tradealne added indicators from the UNCTAD'’s
Eora Multi-Region Input-Output (MRIO) database (kenet al (2012, 2013)).

D. Revealed Comparative Advantage based on domestialue added

Table D presents the RCA index for Luxembourg dated based on the domestic value
added exported by each sector:

_X.i:/Xe _ EXGR_DVA,,/EXGR_DVA,
Xyir/Xw: EXGR_DVA,,/EXGR_DVA,,

RCA

When the RCA is higher than unity, the table spegithe rank of Luxembourg in the
sample of 50 advanced and emerging market econoge$or the GVC-related RCA index
presented in Table 1 in the core text, we consitlat a particular sector has a revealed
comparative advantage if two conditions are fudfill first, the related RCA is above unity and

second, the related RCA is the highest acrossahsidered countries.

Table D: Domestic Value Added-base®Revealed Comparative Advantage for Luxembourg

Average
1995 2000 2005 2010 2000-2011
Sectors RCA | Rank | RCA | Rank | RCA | Rank | RCA | Rank | RCA | Rank

Agriculture & forestry 0.37 0.34 0.30 0.22 0.27
Mining & quarrying 0.03 0.01 0.01 0.00 0.01
Food, beverages & tobacco 0.38 0.38 0.38 0.27 0.35
Textiles & apparel 0.49 0.37 0.38 0.27 0.33
Wood, paper & publishing 0.32 0.39 0.53 0.35 0.43
Chemicals & non-metallic products 0.71 0.47 0.28 0.17 0.30
Basic & fabricated metals 1.06 2% 0.99 0.62 0.34 0.68
Machinery & equipment 0.26 0.26 0.21 0.17 0.21
Electrical & optical equipment 0.07 0.06 0.12 0.08 0.09
Transport equipment 0.01 0.01 0.02 0.02 0.02
Other manufactures & recycling 0.27 0.18 0.10 0.07 0.11
Electricity, gas & water 0.67 0.45 0.41 0.40 0.66
Construction 0.65 0.85 1497 20 | 1.22 28 | 122 21
Wholesale & retail 0.53 0.43 0.59 0.91 0.68
Transport & telecom 119 22¢ | 155 19 | 138 18 | 140 19 | 1.44 1§
Finance & insurance 19.09: 1t | 18.88 1t | 16.11: 1* | 14.39; 1t | 1534 1™
Business & real estate services | 1.20 14 | 0.90 1.12 18 | 144 13 | 119 17
Personal & cultural services 2.96 3d 194 10 | 2.23 ik 1.98 & 2.04 @

Source: Author's calculations based on OECD-TiVAatiase (December 2016). The RCA index is calculated
based on the domestic value added exported byssatbr EXGR_DVA.
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Along these lines, Luxembourg possesses a reveadetparative advantage in the
finance and insurance industry. Although not shawrTable D, the main countries ranked
behind Luxembourg in the finance and insurance stiguare: Switzerland (with a domestic
value added based-RCA equal to 5.55 on average,tigeperiod 2000-2011), Cyprus (5.54),
Hong Kong (4.97), Ireland (4.29), the United Kingu¢3.99), Singapore (3.53), Malta (1.91)
and the United States (1.75). With a domestic valided based-RCA equal to 15.34 on average
over the period 2000-2011, Luxembourg holds a geomlomestic value added based-RCA in
the finance and insurance industry compared tdatier countries.

87



E. Ultimate consumers of Luxembourg’s value addedersus ultimate providers of foreign
value added to Luxembourg’s final demand (finance rad insurance sector)

Chart E.1: Who are the ultimate consumers of Luxemburg’s value added in the finance
and insurance sector?
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Source: OECD-TiVA (December 2016), average 2000t20&sed on available data. Ratio: Share of domestile
added embodied in foreign final demand (finance iasdrance sector)-to-total domestic value addedoglied in
foreign final demand (finance and insurance sector)

Chart E.2: Who are the main providers of foreign vdue added for Luxembourg’s final
demand in the finance and insurance sector?
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Source: OECD-TiVA (December 2016), average 2000t20ased on available data. Ratio: Share of foreane
added embodied in domestic final demand (finanakimsurance sector)-to-total foreign value addethaatied in
domestic final demand (finance and insurance sector
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F. Data description

Tables F.1 and F.2 describe the economic sectosd=red in the paper according to the

definition provided by the OECD-TiVA database. Thiatabase covers 34 industries whose

structure relies on the United Nations’ ISIC Remisi3 classification (ISIC stands for

International Standard Industrial ClassificationAifEconomic Activities}’:%8

Table F.1: Description of economic sectors

Sector Mnemonic | Description according to the United Nations’ ISI€ision 3 classification
Agriculture & . . -
f CO1TO5 | Agriculture, hunting, forestry and fishing
orestry
Mining & quarrying | C10T14 | Mining and quarrying(g.quarrying of stone, sand and clay)
Feel, e & C15T16 | Food products, beverages and tobacco
tobacco
Textiles & apparel C17T19 | Textiles, textile products, leather and igar
bitgiel, |5 C20T22 | Wood, paper, paper products, printing araighing

publishing

Chemicals & non-

Chemicals and non-metallic mineral productsg( coke, refined petroleur

=)

. C23T26 | products and nuclear fuel; chemicals and chemicabyzts; rubber and
metallic products - ; L
plastics products; other non-metallic mineral pidy
22?55& rlaeEEe C27T28 | Basic metals and fabricated metal products
Mathnery e C29 Machinery and equipment, not elsewhere clask{fiec)
equipment
Electrical & optical Electrical and optical equipmente.§. computer, electronic and opticgl
: C30T33 . . . o
equipment equipment, electrical machinery and apparatus Isetvnere classified (nec))
Transport C34T35 Transport equipmeng(g. motor vehicles, trailers, semi-trailers, othensygort
equipment equipment)
Other manufactures . o .
& recycling C36T37 | Manufacturing not elsewhere classified (neycling
\[/Evftc:r”c'ty’ g C40T41 | Electricity, gas and water supply
Construction €.g. site preparation, building of complete construtdi@r parts
Construction C45 thereof, civil engineering, building installatiooilding completion, renting of
construction or demolition equipment with operator)
Wholesale & retalil C50T55 | Wholesale and retail trade; repairs; ha@etsrestaurants

57 For more information, sewtp://www.oecd.org/sti/ind/tiva/tivasourcesandnuets.htmand OECD (2016), “Trade
in Value Added (TiVA) - List of industries — 20164yailable at:
http://www.oecd.org/sti/ind/tiva/TiVA_ 2016 _ISIC3 dastries.pdf

58 The detailed structure and explanatory notes @fl.thited Nations’ ISIC Rev. 3 classification is #ahle on the
United Nations Statistics Division websitetps://unstats.un.oygat:
https://unstats.un.org/unsd/cr/registry/regcst.@sp?
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Table F.2: Description of economic sectors (contirad)

Sector Mnemonic | Description according to the United Nations’ ISI€sion 3 classification
Transport and storagee.f). land transport, water transport, air transpprt,
Transport & activities of travel agencies), post, courier apbdcommunication activities
P C60T64 | (e.g. transmission of sound, images, data or other mmédion via cables,
telecom . ' S . : .
broadcasting, relay or satellite; exclusion: prditurc of radio and television
programmes).
Fmance & C65T67 | Financial intermediation (finance and insaeaactivities)
insurance
Real estate, renting and business activities: mgntdf machinery and
: equipment computer and related activities, R&D atiter business activities
Business & real . e L
. C70T74 | (e.g.legal, accounting and auditing activities, taxsdtancy, market research
estate services . - . )
and public opinion polling; business and managemeonsultancy,
architectural, engineering and other technicalviis, advertising)
Community, social and personal services: public iattmation and defence,
compulsory social security; education; health aratisd work, private
households with employed persons; other commumitgial and personal
service activities €.9. sewage and refuse disposal, sanitation and similar
activities, activities of membership organizationd elsewhere classified (neg)
Personal & cultural (e.g.activities of business, employers and professiongdnizations; activities
. C75T95 - y oSS .
services of trade unions; activities of other membershipamigations), recreationa|,
cultural and sporting activitie® {g. motion picture, radio, television and other
entertainment activities; news agency activitisgmaky, archives, museums and

other cultural activities; sporting and other reti@nal activities) and otheg
service activities€.g.washing, and (dry-) cleaning of textile and fuoghucts;
hairdressing and other beauty treatment; funemlrelated activities))

r
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