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ABSTRACT

The trade associated with international productietworks — supply-chain trade for short —is
associated with some of the most momentous glaimaiaenic changes in the last 100 years.
has transformative implications for the world ecaryo This paper presents a portrait of the
global pattern of supply-chain trade and how it éaglved since 1995. The paper draws on a
variety of data sources but most heavily on theme@Vorld Input-Output Database. China’s
pattern receives special attention.
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1.

The trade associated with international productietworks — supply-chain trade for short —

is transformative according to policymakers (Lan®@). Among economists, however, it is
typically viewed as normal trade that is conceettah parts and components (Grossman and
Rossi-Hansberg 2008). Here we argue that the éaieten the side of the policymakers.
Flourishing supply-chain trade has had transfoweagifects on the global economic
relations. We start with its timing.

INTRODUCTION
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Figure 1: Indirect measures of supply-chain traderom 1960s.
Source: left: Amador and Cabral (2006); right: Beit (2009).
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Figure 2:

G7 share of world income, trade and manu#cturing.
Sources: WTO, World Bank and Maddison, UNstats.

Supply-chain trade has been important among ritlom&afor decades (e.g. US-Canada and
intra-EU). From the mid1980s, it gained importabeéveen high-tech and low-wage nations
during globalisation’s ‘¥ unbundling’ which, roughly speaking, boomed frdre t

mid1980s" Figure 1 illustrates the timing with two proxies Bupply-chain trade — a

‘vertical specialisation’ index and partner-wise&r@industry trade indices. These changes

! See Baldwin (2006a); during globalisation®sunbundling (1850 to 1985), international competitivas at
the level of sectors; in théd®unbundling, it operated at the level of stagegrofiuction with many stages being
offshored to lower cost locations.



have been widely noted. The mid1980s structurakhas been shown by many (Dallas Fed
2002, Feenstra and Hanson 1996, Ando and Kimurg,20@ Fukao, Ishito, and Ito 2003)
and the trade changes by many others (Hummels, asia Yi 2001, Yi 2003, Bems,

Johnson, and Yi 2010, Koopman, Powers, Wang, and?@®2el, and Johnson and Noguera
2012a,b).

The momentous changes are even easier to spob. tip end of the 1980s, globalisation
was associated with rising G7 shares of world teatttincome, and a gentle slide in its
manufacturing share. Afterwards, globalisation vearkery differently (Figure 2).

* When North-South production unbundling took off, ®@@rld shares of income and
exports plummeted and its manufacturing declinelacated -- despite steady
manufacturing growth globally.

At about the same time, the political economy aélé& liberalisation turned on its head.

» Developing nations that had eschewed trade litsatin for decades, suddenly
embraced openness that facilitated internatior@dypstion sharing.

They slashed tariffs unilaterally (especially otermediates), signing Bilateral Investment
Treaties (BITs, which are mostly unilateral cong@ss to rich-nation firms seeking to
invest), signing Regional Trade Agreements (RTAsh wleep’ provisions that are pro-
supply-chain (e.g. assurances for intellectual @rigp capital movements, inward
investments, competition policy, business visas)etee Figure 3.

At about the same time, developing nations’ shaggabal manufacturing output and
exports soared — at least for those near enougé o US, Japanese or German supply
chains.
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Figure 3: Take-off in BITs, FDI, unilateralism, and deep RTAs.
Sources: Tariffs from World databank, deep RTA @ions from WTO, BITs from ICSID.

The geography of the winners and losers is stunfkigure 4). There are over 200 customs
areas in the trade data, but most have tiny papakt smaller than the city of Philadelphia.
If we limit attention to non-tiny nations (populatis over 5 million) and to nations that rely
on manufactured exports (manufactures account e rthan 50% of their exports in 2007-
08) then a pattern emerges.

* Some of these nations’ manufacturing export sharss from the 1980s while fell;
the share-winners and share-losers, however,grtiyticlustered.



* There seems to be one group of winners and loseus@ Germany, one around the
US, and one around Japan.

India may also be at the centre of a cluster ohera involving Bangladesh, Pakistan, and
Sri Lanka.
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Figure 4: The tight geographical clustering of manéactures export swings.

Note: Data for all nations with 1) population ogemillion, 2) manufacturing export share over 5692007-
08, 3) at least 90% data coverage 1985 to 2008c8pAuthor’s calculations on World Bank data.

1.1. What changed?

All these changes are in line with the likely impatwhat has been called ‘globalisation’s
2" unbundling’, namely North-South production sharihen Toyota makes car parts in
Thailand, they do not rely on local know-how; th®ing Toyota technology and any other
bits of know-how needed since the Thai-made pate o fit seamlessly into the company’s
production network. As a result, th& 2nbundling is not just more goods crossing borders
also heightened the international mobility of masréa and manufacturing know-how.

In a handful of nations located near the US, Gegnmairdapan, this removed many
bottlenecks that had previously stymied their indaksation. These nations could
industrialise by joining supply chains rather thamding their own from scratch (Baldwin
2012). The resulting industrialisation occurrec @ace hereto unheard of for a handful of
‘emerging markets’. This booming industrialisatigplifted exports and terms-of-trade for
commodity-exporters, thus creating a new clas®ofroodity-reliant emerging markets. As
Figure 2 showed, this revolutionised the globatgratof trade, income and manufacturing.

Given the transformative nature of these developsn@nd their prima facie connection to
production sharing, the global pattern of supplgtotirade is surprisingly ill-understood by
most economists and policymakers. This is whergaper fits in. It should be thought of as
a contribution towards better understanding théaptfacing policymakers and more
precisely formulating empirically testable hypotkgswWe draw on a variety of data sources
but most heavily on linked input-output tableslté types discussed in the seminal work by
Hummels Ishii and Yi (2001) which motivated theaetliterature on ‘value added’ trade
notably Johnson and Noguera (2012a,b), Koopmah @041.1), Timmer et al (2011), and
Daudin, Rifflart and Schweisguth (2011). But fivgt lay out the basic concepts and
conditioning facts.
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2. BASIC CONCEPTS AND CONDITIONING FACTS

The importance of trade in intermediates has |laenlrecognized in empirical work (e.qg.

and Grubel and Lloyd 1975) and theoretical workt(and Casas 1973, Woodland 1977).
Its importance has been ‘re-discovered’ every desittce — each time providing a fresh set
of terminology: in the 1980s (Ethier 1982, Dixitda@rossman 1982, Sanyal and Jones 1982,
Helpman 1984, Deardorff 1989a, b); in the 19908€3and Kierzkowski 1990, Francois
1990, Yi 1998, Venables 1999); in the 2000s (Hunsmishii and Yi, 2001, Kohler 2004,
Markusen 2006, Grossman and Rossi-Hansberg 2008 A&t al. 2006), and in the 2010s
(Johnson and Noguera 2012, Koopmans, Wei and Zbaha).

To fix ideas, this section introduces basic coree@pid key conditioning facts.

2.1. Supply-chain trade’s 3 basic concepts: I12P, 12  E, and factor-content trade

Traditional trade statistics measure the valudefgoods as they cross the border. The
importing nation’s customs authority gathers infation on the type of good and where it
came from. What is missing is information on usage.they final goods or intermediate
goods? The three basic supply-chain trade coneeptgrounded on this single distinction:
final versus intermediate usage (See Box 2).

While the terms for supply-chain trade are numerthesessential concepts are universal.

* The broadest view of supply-chain trade is “impagtio produce” — which we
shorten to I12P; this encompasses all importedrmgerate inputs including raw
materials and services.

» A particularly policy-relevant subset of I2P congas the intermediates related to
exporting, i.e. “importing to export”, or I2E fohert.

Crossing intermediates with imports and exportsgeteanother key distinction — the sales
and sourcing patterns of intermediates. I2P orstlugcing side reflects a nation’s import of
intermediates; on the sales side, it reflects esparintermediates. For many nations, the
sales and source patterns differ in important viays.

I2E is a recursive concept; a nation’s importedrmediates from a given partner usually
contain intermediates from third nations and evemfthe nation itself. Some supply-chain
trade measures focus on aspects of the recurssgefag). reexporting); more on this below.

* When the recursion is fully worked out — so that déhigin of all primary factor inputs
in exports is identified — we have factor-conteatle, which was recently re-dubbed
as “value-added trade” (Daudin, Rifflart and Sclsgeth 2011, Koopman et al. 2011,
Johnson and Noguera 2012).

I2P and 12E are useful for understanding how tiadelated to the national distribution of
gross production. Factor-content trade is usefulif@erstanding trade’s link with the
national distribution of net production, i.e. valagded. Or to put it differently, if you care
about links between trade and local manufactuli2zig,and I2E are critical. If you care about
links between trade and local manufacturing joastdr-content trade is critical. See Box 1
(at the end of section) on ‘vertical specialisatibade.

2.1.1. Supply-chain trade and the final versus inte  rmediates distinction
Before elaborating on the implications of the fimalsus-intermediate distinction, we show

2 Russia sells natural resources to internationgplsichains while sourcing manufactured inputs frbem.



that it is important in the data. We rely on a régeint effort by the OECD, WTO, World
Bank and the European Commission that produceddtealled the World Input-Output
Database (WIOD); see Timmer et al (201 110D shows where each sector in each nation
obtains its inputs and sells its output — beingfdrto distinguish purchases of the goods for
intermediate usage and final usage.

The top panel of Figure 5 shows that on averageoiall goods and services produced in
the world are sold for final usage (public and atezconsumption and investment). The final-
sale shares, however, varies from 30% (Luxembdorg)most 70% (Cyprus). Interestingly,
China is at the low end of the scale, suggesting&is more heavily focused on
intermediates than the global average. Indeed gashall see below, China has become to
industrial inputs what Saudi Arabia is to oil — theehpin global player.
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Figure 5: Final goods as share of total productiol exports, by nation 2009.
Sourcewww.WIOD.organd authors’ calculation.

The bottom panel shows how much of nations’ expangsmade up of final goods and
services. Here we see that only 34% of exportgndeemediates; as this exceeds the 50%
production share, we know that trade in final gogdsore open than trade in intermediates.
Or to put it differently, the™ unbundling still has a long way to go.

Figure 6 shows the final production shares by sdotahe world, again using WIOD data. It
shows the importance of final sales by sectorsteagging across all nations. The
intermediate shares are the balance between 100%harinal-good shares. The sectors at
the top and bottom of the left panel are, respebtj\the classic final-good sectors and raw
material sectors. For food, footwear and serviakspst 2/3' of production goes to final
consumption. For mining and non-metallic metals, fthal goods share is negligible. The big

% Other sources that have commonly been used ifit¢hature include: the Asian Input-Output TablBE-
JETRO); the GTAP database; and the OECD inter-cgui@ Database.



supply-chain trade flows are in the in-betweenasdike transport equipment, electrical and
optical equipment and chemicals. To provide persgeon the size of the sectors, the right
panel shows the global export shares by sectoinfjdinals and intermediates together).

The left panel also shows that the final-good shaee/e retreated in all sectors from 1995 to
2009. This is evidence that supply chains havenieaged across the board. Note that if
every stage of production is done in a single fgctine final share would be 100%; as the
production process unbundles, the final share Vetisther the unbundled stages are
offshored or not.
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Figure 6: Final-good production and world export stares by sector.
Sourcewww.WIOD.organd authors’ calculation.

The importance of intermediate trade in indusfy@bds, services, and natural resources is showabhie 1.
The remarkable point here is the very large aneving share of services. Such flows have long bewleu
appreciated due to the lack of systematic datgpeatslly when compared to the abundance of dateacie in
goods.

Table 1: Intermediate trade by sector: Manufactures services and natural resources

1995 2009
Manufactures 61% 52%
Services 24% 28%
Natural resources 15% 20%

Sourcewww.WIOD.organd authors’ calculation. Note: Natural resouaethe WIOD sectors c1, 2, 3 and 8;
Services are C17 — C35.

2.1.2. I2E versus value-added trade: Conditioning f  acts

Importing-to-export, I2E, figures work with trads measured by customs authorities; factor-
content trade is calculated using the global imutput matrix to trace all value added to its
origin. As it turns out, differences between the @ve not enormous for many nations
(Koopmans, Wei and Zhang 2012 here is a very simple reason for this — worlddpiiion

is not very globalised.

Table 2: Input decomposition of global GDP and gloadl manufacturing GDP, 2009.

* One of the biggest and most policy-sensitive diffices is in the US-China bilateral relationshig@snany
nations export to the US indirectly via China giv@nina’s comparative advantage in final-good as$gmb



Manufactures All goods &
services
$trill  Share  $trill share
Domestic value added 7.2 29% 55.3 49%
Domestic inputs 13.9 55% 47.8 43%
Imported inputs 4.1 16% 9.3 8%

Source: Raw data fromww.WIOD.org

Total output is, by definition, the sum of domestie imported intermediates and direct
domestic value added. Table 2 shows that globaufaaturing is not very internationalised.
The imported intermediates share of total manufagwutput is only 16%; for all output, it
is just 8%. While 16% is far from a tiny numberddes not jive with the world-is-flat
rhetoric. Remember that in a Helpman-Krugman waéth nation uses its own
intermediates in proportion to its share of world® Even for the largest nation (US) that
would imply an imported intermediates share of al/&9o.

The large difference between the imported interatedishare for manufactures (which are
systematically more traded) and all output is @@son it is important to distinguish between
I2P and 12E. It also indicates that national outpikes are quite different than their export
mixes. Obviously non-traded services are importautjnvestment and construction are also
an important source of discrepancy for fast growiagions.

A good deal of the closed-ness of manufacturingnstigEom the fact that most manufacturing
is done in large economies that tend to be ratlesed and thus self-sufficient in
intermediates. Today about 60% of the world’s maaotufring GDP is produced inside the
US, China, Japan, Germany and India.

Table 3: Sales destination of manufactured goodsp@9.

Domestic sales Exports

$ trill % $ trill %
Manufactured final goods 4.4 56% 3.4 44%
Manufactured intermediates 13.1 73% 4.8 27%

Source: Raw data from www.WIOD.org

As Table 3 shows, the world is more globalised wiheomes to manufactured final goods
than it is for manufactured intermediates. 44% ahafactured final goods are exported
while the figure is only 27% for intermediates. Pis this, intermediates are more important
than final goods in exports; almost 60% of manufieexd exports comprise intermediates
rather than final goods. The dominance is eventgréar domestic sales.

2.2. Conditioning facts: Global manufacturing and i ts evolution

Supply-chain trade is first and foremost a storynahufacturing. We set the scene with the
conditioning facts on the evolution of the worldjgatial distribution of manufacturing.

2.2.1. National manufacturing value added

In 1970, global manufacturing output was dominditedhe G7; the US, Germany and Japan
alone accounted for 52% of global manufacturingigaldded. From Figure 7 we see:

* The G7 nations lost 24 percentage points of wdrltes from 1970 to 2010 —
dropping from 71% of world manufacturing to 46% #hal8 of the 24 points lost
since 1990.



* The big gainers were China and Korea; they saw tdoenbined share rise by 21
percentage point since 1970 with 17 of these péaigerpoints being added since
1990 (China’s and Korea'’s overall gain were 18 amdspectively).

* Five other developing nations also saw their irdlial shares of global
manufacturing rise by one percentage point or nflodia, Indonesia, Thailand,
Turkey and Poland); together, these ‘5 risers’ gaifour percentage points of
global manufacturing; with three of the four happgrsince 1990.

The whole rest of the world saw little change withnation gaining or losing more than 1%
of global manufacturing. Many developing nation& small rises (although important for

each nation, they were small by world standardd)adinon-G7 rich nations lost shares. On
balance, this group of small gainers and losetsttas percentage points from 1970 to 2010.
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Figure 7: Seven risers and seven losers: Manufactung reversal of fortunes.

Source: UNSTAT.org; Note: Left panel show sharvofld manufacturing GDP, seven risers are Chinaglp
India, Turkey, Indonesia, Thailand and Poland; sdusers are G7; middle panel plots manufacturiBdPGn
2005 USDs; right panel shows manufacturing GDP &#Ghina (2005 USDs).

The middle panel of Figure 7 shows the numbersihises’ since 1970; China is set aside
since its rise is so spectacular that includingatild make it impossible to see the rise of the
others. The right panel shows the level of manufang GDP for China, Korea and the G7
nations. Here the astounding performance of Clurtdeiar. It also shows the G7 share-loss
corresponds to rising levels manufacturing outppa(t from the Great Recession of 2008-
2009).

Box 1:What is vertical specialisation trade?

Importing-to-export (I2E) trade has been much dised since the seminal paper by Hummels, Rapoport
and Yi (1998) — often under the moniker “VS tradeértical specialisation’). We avoid this labeliass
confusing in three ways. First, most VS trade igzumtal in the sense of being within the sameagect
Second, much VS trade is horizontal in the sensakifig place among nations at similar levels of
development (e.g. US-Canada trade in car partsis M$ trade confusingly encompasses two-way trade
in goods with similar factor contents (France amar@any) with those with dissimilar contents (US and
Mexico).
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Figure 8: ‘Snake’ and ‘spider’ supply chains.
Source: Baldwin and Venables (2012)

Third, production processes are not typically limsa ‘vertical’ is ill-defined. While there have dre
some clever attempts to shoehorn non-linear inptpd relationships into a liner ranking (Antrasakt
2012), even the most casual inspection of inpupatiables shows this lack of linearity is pervasiv

The misleading nature of the ‘vertical’ moniker damillustrated even more directly with a stylised
production network (Figure 8). Some parts of thestkative network follow the classic assembly-line
arrangement (called ‘snakes’) where a product gty sequential processing (bottom of the diagram).
The notion of ‘vertical’, i.e. upstream, is clear uch chains. However, the process also involves
segments where ‘vertical’ is ill-defined. The upfedt corner shows the assembly of parts into a
component that enters the second stage (calledets)” These parts and the first link in the snake both
are equally upstream.

Box 2: Supply chain trade data

As supply-chain trade concerns goods that willipeiis into production processes in other natidres, t
missing information on the final-or-intermediateags is the central problem to be solved when iteom
to data. It is also why the facts on the globatgratof supply chain are not widely appreciatedu y
cannot just download the data. There are three teagslve the central problem.

Many authors address the ‘usage’ problem by turtorthe customs classifications themselves (Yeats
1998, Kimura and Ando 2004, Athukorala and Yamas&@06, Athukorala, Yamashita and Nobuaki,
2006). For example, many HS codes include descsifite ‘parts’ or ‘components’. However this istno
fully satisfactory. Some parts — say spare tiresfdos — can be intermediates (inputs into new)aar
final goods (replacement parts for old cars), aatiyrintermediates cannot be clearly identified frbm
HS labels. This is especially a problem in eledtreas the 1997 Information Technology Agreement’s
elimination of tariffs on 90% of world trade remalveustom authorities’ incentive to be precise about
the nature of such imports.

A second approach is to turn to input-output tabhes keep track of usage explicitly — althougts thi
tactic always comes at the cost of less disaggegat product categories. This tactic has recelndly
adopted by many authors (Hummels, Ishii, and Yil200 2003, Bems, Johnson, and Yi 2010,
Koopman, Powers, Wang, and Wei 2011, Johnson agdéta 2012a,b). For some nations, we have a
third solution since there is data from speciat@us regimes for ‘processing trade’. This is where
tariffs on imported intermediates are suspendedl the intermediates are used to make goods that a
subsequently exported so customs keeps track afniherted intermediates thus used (Cernat and Pajo
2012, and Koopman, Robert, Zhi Wang, and Shani¥&n2008).

Knowing a good’s usage is just one side of the Bupipain trade data problem — call it the ‘salekesi
The other side is the ‘sourcing side’. The valuewry good sold is built up from the producingiois
value added (i.e. input of primary factors capihour, etc.) and intermediates; this is an acttogn
identity® On the sourcing side, we must distinguish betwetmmediates that are imported versus
locally sourced.

Once we have the sales-side and sourcing-side agsdgewe can paint a picture of international
production networks. Final goods are made of lpcahary factors, and local and imported
intermediates which themselves include intermediateirced locally and abroad.

See Box 3 for details.

® Spider comes from the way the parts in the diagesamble legs on a body.
® By definition, the home value added is the diffexebetween sales price and the cost of the intéatee
inputs including raw materials, purchased intermtdgoods and services.
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Box 3: A schematic presentation of supply chain caepts

Figure 9 focuses on a single nation “Home” andhigort and export baskets as traditionally measured
by customs authorities. A first key distinctiorbistween final goods and intermediates. Final gaods
services are sold for private consumption, goventraensumption, or investment (house at the top of
the diagram labelled “Home final use”). Intermedgtre used as inputs into the production of goods
and services ( ‘Home factories and offices” at dwmtof diagram).

Exported final goods remain in the destination ¢oynntermediates may not. The diagram
distinguishes between final and intermediate outytlt the two thick arrows inside the factory, ahd
two separate wide arrows in the import and expaskbts. Importantly, the final versus intermediate
distinction cannot be drawn from traditional tratiga; end-use is not specified in customs forms. Ca
tires, for example, can be used for new cars (imdeliate) or replacements for existing cars (final).

A second key distinction is between factor inpwae added) and intermediate inputs. By definjtion
the value of Home’s output is the sum of Home vadéded and intermediate inputs, both domestic and
imported.

A third key distinction is local versus export sal€rossed with the end-use distinction, we get fou
groups: Home finals sold locally or abroad, and ldanmtermediates sold locally or abroad. These four
possibilities are shown with the narrow connectoowas leaving the right side of the factory.

The final key distinction is between sales and ciogrof intermediates. 12P on the sourcing sidkot$

a nation’s import of intermediates; on the saldg sit reflects exports of intermediates. For many
nations, the sales and source patterns differ poitant ways. The geographical patterns on both sales-
and sourcing-sides are interesting and informdiieinvolve no unfamiliar terminology.

As we wish to track further international movemehHome exports, the export basket is represented
with a wide arrow divided into final goods and sees (light blue) and intermediate goods and sesvic
(light red). The three-way composition between Homakie-added, Home intermediates and imported
intermediates is shown within each arrow.
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Figure 9: Schematic diagram of trade in final and mtermediate goods.

Turning to the import basket, we have the samekidi@an with the arrows on the left side showing
value added (from the partner nation that Homenjzarting from), intermediates produced in partner,
and intermediates produced in the rest of the w@mV). Importing-to-produce and importing-to-
export trade are indicated by the boxed arrowhkénupper left and lower right cornérs.

" Russia, for example, sells natural resourcéstésnational supply chains while sourcing manufeet inputs
from them.

8 |2P differs from standard imports for various @as For example, the demand is not governed ligrat
expenditure (expenditure function), but rather gnaoduction (cost function). This has implication §ravity
estimation; see Baldwin and Taglioni (2011).
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Recombination of the I2E concept

The I2E concept is recursive, so double countingeivasive. For example, the imported intermediates
in Home’s exports may embody some previously exgabifome intermediates. There are two ways to
deal with this. Both are illuminating.

Stay with trade as traditionally defined (valuggobds and services as they cross borders) andfident
the share of such trade that crosses borders imaneohce; or

Abandon traditional trade definitions by tracingkahe ultimate source of primary factor inputs{fa-
content trade).

Staying with traditional trade concepts helps udenstand the trade patterns we observe in today’s
world and helps when explaining the implicationptdicy makers. The focus stays on goods and where
they are made. Moreover, it is closer to ‘real’adiatthat it involves a limited number of estimated
coefficients (e.g. share of Home’s own intermediambodied in Home’s imported intermediates).

Moving to factor-content trade gets us to the péetiure of global production sharing. The emphissis
shifted away from goods and towards the locatiolalodur and capital tied to the sale of final goods
Unfortunately, factor-content trade involves workinith series that are 100% calculated rather than
observed. Working out the factor-content by counfrgrigin involves almost every estimated
coefficient of almost every nation’s input-outpuatmix. Since the quality of the estimation variadely
across nations, estimates of value-added traddistiectly shakier than those of importing-to-expor
trade.

Reimporting and reexporting

One popular recombination of I12E trade is calledmporting’. This is essentially the trade ‘symptom
of the offshoring of a single stage of productittrtoncerns a nation’s intermediate exports that ar
embedded in goods it subsequently imports; sebdked arrow in diagram’s lower left side of Fig@re
An example of reimporting trade is the US-Mexicodddadora trade (the US exports intermediates to
Mexico and subsequently imports them back to theedBedded in goods that have been further
processed). Reexporting is the mirror concept.NFaquiladora trade, the US intermediates in the
exports from Mexico to the US are US reimports Bhekican reexports.

The connection between offshoring and reimportegMporting can be more complex. For example
Japanese camera companies import simple indugtitd from China as inputs into sophisticated
components that they then ship to China for asseinbd final cameras. When measured by
reimporting/reexporting, we would see the sameepativhether it was the Japanese company doing to
offshoring to China of simple parts and assemhlyg €hinese camera company offshoring the
sophisticated component to Japan. One recombinafit2E that picks this up is ‘triangle trade’, or
indirect exports (more on this below).
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3. IMPORTING-TO-PRODUCE (I12P) TRADE: THE WORLD PATTERN

This section highlights the key facts concerning teade and its evolution.

3.1. World I2P matrix diagram

To illustrate global pattern, we employ a matriattehows the flow of supply-chain trade
among the nations for which the WIOD has harmoni€ethbles. Each element of matrix
shows the row-nation’s imports of intermediatesrfritie column-nation. To focus on the big
picture, we zero-out any bilateral flow that isdélsan 3 tenths of 1% of all the trade among
the listed nations. We also hide the rows and cobifar several tiny nations in the sample
(Cyprus, Malta, Lithuania, Denmark, etc.). The ramsl columns are arranged to reflect
regions. Europe is at the top, North America atiibtom and Asia and other nations are in
between.

Focusing on 2009, the most recent year, Figurend@s the global I2P pattern. The most
salient features are:

* The matrix is very sparse; very few bilateral floare significant on a global scale.
* The US, China, Germany, and Japan dominate gloipglg chain trade.

These are the only nations who supply a globafigiicant amount of intermediates to more
than four partners. On this metric, Germany isdnttie most significant, but this surely
reflects the WIOD'’s bias towards European nati@4sdf the 40 nations) rather than reality.
From other sources (see Section 4.2), we knowstiygbly-chain trade among Japan, Korea,
China and other large East Asian nations (PhiliegitMalaysia, Thailand, Singapore,
Vietnam, and Taiwan) is very important. Among thieep G7 nations, the UK has 4 entries,
and Canada and France have one. Italy has none tiNdtnon-European exports to Germany
often show up as imported into ports-of-entry (Aatgvand Rotterdam) in Belgium and the
Netherlands.

The third feature is well known among specialistshfison and Noguera 2012b):
» Supply chain trade is not global — it's regional.

‘Global supply chains’ is a great buzzword busitnaccurate in aggregate. Even within
regions, distance, and contiguity seems to matiemeously.

* The global production network is marked by regidslatks, what could be called
Factory Asia, Factory North America, and Factorydpe.

The off-block exceptions all involve one of the fgiants as seller or buyer (apart from the
tight UK-Irish link). Turning to the regional ‘fagties’, we see:

* The most intensive supply-chain trade relationshiesin North America.

US I2P trade with Mexico and Canada are both o¥eolthe world total. US imports from
China and Mexico are the two largest 12P flows glbb(2% each).

« The I2P trade in Northeast Asia is almost as idessNorth America’s.

The notion of an Asia-Pacific region also emergemfthe matrix. The trade between US
and Japan and China easily passes the 0.3% thdeshol

° To avoid VAT fraud inside the EU, third-nation prats for Germany often enter into commerce apthé of
entry (Baldwin 2006c¢)
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Figure 10: The global I12P trade & total trade matrices, 2009.
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Another fact that is well established among spetg&a{Johnson and Noguera 2012a) is:

* |2P trade is marked by a hub-and-spoke pattermalrthe four manufacturing giants
— China, Germany, Japan and the US.

This can be most easily seen in North America whegesales and sourcing flows with the
US are all large, but those between Mexico and @aaae small. The same holds for
Germany (its row and column are rather full esgicia Europe).

A key distinction that is less well appreciated—ame that we return to repeatedly below --
is the technological asymmetry in the internatiqmralduction network whereby there are
‘headquarter economies’ and ‘factory economté&irms in the headquarter economies
(mostly the US, Japan and Germany) arrange theuptioth networks; factory economies
provide the labour.

The nations not in the sample (RoW) are importakemn as a whole. Particularly important
on the sales-side are the world’s energy and feodyzers (OPEC nations, Argentina, etc.).
On the sourcing-side, noticeable omissions incthddarge ASEANs (Malaysia, Thailand,
and the Philippines).

Total trade: Global pattern
For comparison, the bottom panel shows the samexmaéth the same filter for total trade,
i.e. with finals and intermediates included. Thestmmticeable differences are:

» The total trade matrix is far less sparse, esggaiathin regions.
* The hub-and-spoke pattern is less pronounced fakttade than supply-chain trade.

This suggests that supply-chain trade is more sea$o distance than final good trade
(Gamberoni et al 2010, Lopez-Gonzales 2012). Tlaig be since face-to-face and face-to-
machine interactions are necessary but these atly aoterms of lost time and highly
sensitive to distance (Baldwin 2006a).

3.2. Supply-chain interdependency

The matrices presented above take the global paigpe- looking only at flows that are
significant at the global level. Here we look a tiational level, focusing on where each
nation sources its intermediate inputs. In a sehsereveals each nation’s dependency on
international supply networks.

The numbers for 2009 are shown in Figure 11. Eatlman adds up to 100% and thus shows
each column nation’s purchasing pattern (numbedgu percent are zeroed to reduce
clutter). A few facts jump out of the matrix:

* Most nations are largely self-sufficient in ternisrdermediate inputs.

Local sourcing numbers (on the diagonal) are allvalhalf and many are about 70%. As
expected, there is a rough correlation betweenasideself-sufficiently with three of the
Giant-4 manufacturers attaining local sourcingostf around 90%. Germany is the
exception, relying on itself for only 79% of purcea inputs.

* European nations are heavily dependent on Germarmadiates.

Every European nation except Spain, Italy and Rusty on Germany for at least 2% of
their national intermediate purchases.

10" see Baldwin (2006b) for a fuller analysis of thgtinction.
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* The US and China play similarly pivotal roles buthwess regional focus; the US
is an important supplier in all regions, while Ghis more focused on Asia.

As an aside, we can see that the WIOD coverage isdm complete since the Rest of World
row contains a great number of entries over 2%.
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Figure 11: I2P sourcing: National dependency on imprted intermediates, 2009 (%).
Source and notes: see Figure 9. Numbers under @%eaved.

3.3. 12P trade by sector: Industrial goods, service s and natural resources

The matrices above looked at aggregate 2P traate; e break this down into: industrial
goods, services and natural resources. To put thesmtext, we start with aggregate facts
(Table 4).

In 1995 over 60% of all intermediate trade wasuistrial goods — a figure that fell to just
over 50% by 2009. The slack was taken up largelgdiyral resource (15% to 20%) but
service intermediates also became more importd§o (@ 28%). Of course, part of the shift
in natural resources reflects the important terfaseaale shifts that favoured this sector since
the late 1990s, but the numbers implies:

* Between 1995 and 2009, supply chain internatioatis has been more important in
services and natural resources than it has beledustrial goods.

The second set of facts concerns the level andgehiarself-reliance for inputs (Table 5). As
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mentioned above, the world production is still nety globalised:

» Supply-chain trade is on average only a small giagtobal production; goods are the
most globalised and services the least with natesadurces in between.

Table 4: Supply-chain trade (I12P): Goods, serviceand natural resources.

1995 2009
$ million % $ million %
Goods 2,079,634 61% 4,847,792 52%
Services 820,507 24% 2,622,469 28%
Natural Resources 519,333 15% 1,875,734 20%
Total 3,419,474 9,345,995

Note: current prices; source: WIOD.org

Table 5: Share of intermediates sourced domesticgll 1995 and 2009, goods, services
and natural resources.

1995 2009
Goods 7% 73%
Services 94% 91%
Nat.Res 85% 80%

Note: current prices; source: WIOD.org

As expected, all the own-sourcing shares fell,dwan in 2009 the figure for own sourcing of
intermediate services trade is about 90% — a fettdhows just how far services trade has to
go before it becomes as globalised as goods tdue casts doubts on the idea, popularised
by Alan Blinder (2006), that offshoring of servidesabout to transform the employment
landscape in high-wage nations.

3.3.1. Intermediate industrial goods and services

To see the global pattern of 12P trade in indulsinauts, we plot the data in a matrix
constructed like Figure 10 but where only indusinputs are included in the flows; here
industrial goods means goods other than agricyltaieing, food, and fuét. Figure 12 (top
panel) shows the facts. The first thing to note is:

* |2P trade in industrial goods is similar to to@PlItrade (Figure 10 top panel), but the
hub and spoke pattern is stronger and the dominafnte Giant-4 manufacturers is
even greater.

One change is that China is more dominate — agaisurprising given the common
perception that China’s exports comprise mainly nfactured goods.

M Formally the goods not included are, using WIOBteelabels Agriculture, Hunting, Forestry and Fis
Mining and Quarrying; Food, Beverages and Tobaand;Coke, Refined Petroleum and Nuclear Fuel.
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Turning to services (bottom panel), we see mudieladifferences:

* China and Japan are not important players in sugipdyn services trade on either the
sales side (row) or the sourcing side (column).

* The US is a much more dominant player in I2P sesvicade than in goods.

Much of this trade is trans-Atlantic; US purchaBes and sales to EU nations are all large
compared to global services trade in intermedidfieseover:

Intermediate services trade inside Factory Asieery limited;

Intermediate services trade inside Factory Eursa least as important as

intermediate goods trade, but the role of Germargreatly reduced,;

» A few of the smaller European nations are imporpaiaviders of intermediate
services both inside Europe and to the US;

* The world pattern of trade of service inputs isléss regionalised than it is for goods.

3.3.2. Natural resource inputs

The picture for natural resources is much simpiéeast in part due to the biased coverage of
the WIOD sample. Few of the nations in the WIOD glEnare major exporters of natural
resources. To reflect this, we use a lower zerbmij of 0.1% rather than 0.3% as in the
previous matrices.

Russia, Indonesia, US, Canada and Mexico are tlyenations in the WIOD sample who are
important on the sales-side of natural resourcats i@ he important nations on the sourcing
side are the largest nations in the sample — thed@@ns (except Britain), China and Korea.
In this matrix, the RoW row is especially importanice it includes all the OPEC exporters,
and major suppliers of minerals and food. Near628 total natural resource exports are
absorbed by China, the US, Japan and Korea.

g S s £ ® . - 2 S| o W
ooona BB, SEERESIE8ElS gl {5
Resources ¥ 8 7548288888882 258228 2R65888838¢%
UK
German) 0%
France
Italy
NL 0% 0% 0%
Belgiunm
Austrig
Polanc
Czech F
Denmarl
Spair
Portuga
Finlanc
Greect
Irelanc
Turkey
Swedel
Brazil 0% 09
Russi 0% 0% 094
India
Indonesii 0% 0% 09
Australie 6% 0% 09
Taiwar
Chine 0%
Japal
Koree 0%
us 0% 0% 0% 0% 0%
Mexico 0%
Canad. 0% 09
RoW 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 2% 1% 1% 2% 0%

Figure 13: The global I12P trade in natural resourcs, 2009.
Source and notes: see Figure 10.
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3.3.3. Two types of emerging economies

The sector level facts hint at a vast shift in glgiroduction structures somewhat akin to that
which took place during the first wave of globalisa (say 1850-1910; see Baldwin and
Martin 1999). Manufacturing has shifted from the -G&specially the three old giants (US,
Germany and Japan) — to a handful of developingmaivho are within commuting distance
from the three old giants, with China the most spadar gainer. The rapid income growth
sparked by industrialisation in the manufacturirggdd ‘emerging economies’ has sparked an
export boom from natural-resource abundant cowntfiibis in turn sparked rapid income
growth in the resource-rich developing nationghis way, the manufacturing success of a
narrow group of emerging economies (China, Kortm) & linked to the success of
resource-based emerging nations (Russia, Brazi), &t the face of this shift, G7 countries
are turning increasingly to the export of internageliservices — especially those linked to
manufacturing.

3.4. Changes since 1995

To compare today’s pattern with the pattern when2fﬁunbund|ing had just started rolling,
we compare the Figure 10 matrix with a similar wikh data from 1995. To facilitate
comparison, we plot the percentage point differsrioeeach element (Figure 14). Negative
elements are in blue and positive elements arednTo focus on big changes, we zero-out
all changes that are between -0.3 and 0.3 perceptagts.
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Figure 14: Change in global I2P trade from 1995 t@009 (percentage points).

Notes: Numbers show change bilateral flows betv® and 1995 each measured in percentage of global
12P trade as in Figure 10.

The differences are not enormous at this leveésblution but a few things have changed.

» Supply-chain trade has shifted heavily towards éfgcsia and away from
Factory North America and Factory Europe.
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* Chinais the only big gainer on the sales side;
* Germany, Japan and the US all lost on the salesngitti except with respect to
their sales to China.

Inside Europe, the dominance of Germany faded letw895 and 2009 both on the sales
and sourcing sides.
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Source and notes: see Figure 9.
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3.4.1. Changes in dependency

We turn next to the changes from 1995 to 2009 vefipect to national dependencies on
supply-chain trade (I12P). Figure 15 shows the chargtween the shares in Figure 11 and
the equivalent matrix for 2009. As usual, we zemak numbers to improve clarity (less than
plus or minus one percentage point).

* The most striking fact is the almost universal &t in local sourcing (diagonal
elements mostly negative).

This is nothing more than an enumeration of tHeugbundling; more stages of production
are been broken off from the home factory or indaistlistrict and shipped abroad. The
exceptions are Russia, Canada, Indonesia and serypemall nations (many of them former
communist economies).
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China’s rise as a global supplier of intermediai@s be seen in the many positive
numbers in its row; this has not been accomparyease as a purchaser (few
positive number on its column).

The decline of Russia as a supplier of intermedist@lmost as impressive as
China’s rise, given the large number of negativenbers on Russia’s row.
Germany has mostly seen its role decline whildiBé& experience is more mixed
with number falling in North America but rising Asia.
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3.5. Importing-to-export (I2E) trade: the world pat  tern

This section turns to a narrower concept of sugplg trade, namely importing-to-export
(I2E) or vertical specialisation as it is sometincaied.

Importantly, I2E data and I2P data differ in thaistance from actual observations. I2P data
is based on calibrated 10 tables and thus aretepesmoved from observed data; I2E data
is two-steps removed since the parameters of thtab@ must be used to break-out the
portion of I2P trade that is related solely to exipg. Specifically, a given nation’s
international input-output table tells us the intediate purchases linked to a given dollar of
production in a particular sector. To find the imediate purchases linked to the nation’s
export vector, we pre-multiply the international t&ble by the nation’s export vector (after
aggregating trade into sectors that match tho#ieeinO table). The result is a vector of
intermediate inputs (domestic and imported) thateanbedded in the exports.

The data in this section comes from Lopez-Gonzge12) which focuses on slightly
different years and a slightly different samplanafions due to practical considerations
discussed in Box 4.
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Figure 16: The global I2E trade matrices, 2008.
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3.6. The world I2E sourcing matrix in 2008 vs 1995

We start by looking at the global I12E pattern toe yyear 2008 using a graphic very similar to
that of Figure 10. Each element shows the coluntiomia I2E purchases from the
corresponding row nation as a percentage of w@idttade. As usual, small numbers are
zeroed. (less than 0.3% of world I12E trade). Sdvyments are noteworthy.

* |2E trade (Figure 16) is significantly less regilised that 12P trade (Figure 10).
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First, we see many more non-zero entries in USn€d@ and Russian rows especially for
intermediate exports to Europe. Second, within gerhe pattern is much less centred on
Germany. Third, trans-Pacific links are stronggreesally North American purchases from
the three large Asian manufacturers (Japan, Cimdd&area).

* The asymmetry between of US, Chinese and Russian2Be sales side (their rows)
and sourcing side (their columns) is much greatetZE trade than I2P trade.

This means that these nations are more importasu@siers of intermediates than they are
as buyers of intermediates. For the US this idylike reflect the active outsourcing policies
of US firms, while for China it is likely to reflé¢he highly competitive nature of their
intermediate industrial goods; for Russia oil aad gxports to Europe’s energy intensity
sectors is most likely the explanation.

3.7. The I2E interdependency matrix, 2008

As with 12P trade, the global perspective hides yrfaatures that are important to particular
nations. Here we look at the same on the bilatBEadata but normalise it by the column
nation’s total purchase of I2E intermediates. Tagom's purchases from itself are zeroed
and added to rest of world numbers (RoW) in the abwhe bottom. For clarity, table entries
under 2% are zeroed to improve readability. Thepampts are:

* Most nations are thoroughly engaged in internatipnaduction networks in that
their exports depend heavily on imported intermiedia

This shows up in the fullness of most nations’ aaohs. It can also be seen in the figure in the
last row which shows that even the most self-sigfficnation, Japan, imports at least 12% of
the inputs they need to export. The highest nunsbier Mexico which source 94% of its
intermediates from abroad (half from the US). Agalsthere is some double counting here is
some of the Mexican imports from the US include Mar intermediates.

The main providers of intermediates essential fweing are, as expected, the Giant-4
manufacturers — the US, China, Japan and Germany.

» All non-European nations are heavily reliant onr@sie intermediates and seven of
the 16 listed European nations also get more tBawizheir total 12E from China.

Germany and the US are almost as dominate but Jsyakey supplier to less than half the
nations that China is.

* The I2E interdependency matrix if far less spansa tthe I2P interdependency matrix
(Figure 11) suggesting that international produchetworks aimed at exports is
more developed than those aimed at domestic priotuct

This can be seen in the fullness of many rows gufé 17. Nations such as Sweden,
Switzerland, Poland and the large European nafidks Germany, France, Italy, and
Netherlands) are key suppliers to multiple partn€he reliance of European nations on
Russian raw materials is also very clear in therimat

» China plays a very asymmetric role in intra-BRI@8a&il, Russia, China and South
Africa) I12E trade; China is a major supplier to titber four, but none is a major
suppliers to China.

In fact the only nations that provide more than@dhina’s inputs-for-export are Japan,
Korea and the US.
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Figure 17: I2E interdependency matrix, 2008 (% of ¢tal intermediate usage).
Notes & Source: See Figure 16.

* The headquarter-versus-factory-economy distinatmmes out very clearly in the
bilateral I12E data?

The rows of HQ economies are very full as theykanesuppliers to many partners, but their
columns are very empty. Nations with advanced teldgy and high-wages (the headquarter
economies, especially Japan, Germany and the U@)teaded to offshore certain stages of
production to nearby low-wage nations (the facergnomies). This has created regional
supply chains sometimes called Factory Asia, Fadtimrth America and Factory Europe.
China does not fit neatly into this two-way categation; evidence presented below suggests
that China is exporting low-tech industrial intediisdes and importing high-tech ones.

3.7.1. Evolution of I2E sourcing patterns: 1995 ver  sus 2008

Changes from 1995 can be seen by comparing Figuvath the same matrix for 1995
(Figure 18). The differences are stunning.

* The 1995 matrix is sparser than the 2008 matrix.
* All nations relied less on 12E in 1995 than in 2008

These facts reflect thd2unbundling — especially the rapid growth in No&buth I2E trade
shown in our intraindustry trade index charts (IFggl). The increase in Mexico’s role in the
US supply chains is especially remarkable.

12 See Baldwin (2006b) introduced the term ‘FactosjaAand the distinction between headquarter ecie®mm
and factory economies.
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* The rise of China as a source for I12E trade isrstig

In 1995, which was before China’s determined eftoibin supply chains (as a means of
building their own), no nation sourced more than&%s export-inputs from the China;
Japan and the US were the only important suppligitermediates in Asia. China’s only
significant source of imported intermediates useexporting was Japan.

In the intervening 13 years, China’s fantastic nfacturing growth meant that is now an
important supplier of industrial inputs to mostiaas in the world. On its purchasing side, it
sources significant amount from Japan, Korea aadJt in 2008.

» Supply-chain trade of the I2E type was much mog&rel in 1995 everywhere
except East Asia.

In 1995 few entries outside of the regional boxesensignificant and almost all of those
involved the US.

* The rise of trans-Pacific 12E is one of the bigggebal changes in I2E since 1995.

In 1995, the only globally important flows acroke Pacific involved Japanese intermediates
supplied to the US and Canada (mostly auto pant£008, all three North American nations
are sourcing heavily from China, Japan and Korea.
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Figure 18: The global I12E trade matrix, 1995.

Notes & Source: See Figure 16.

3.8.

Sales and sourcing of 12E trade by nation
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Additional insights come from looking at sales &odrcing patterns for I2E by nation
normalising these by the nation’s own imports axgbets rather than global totals. This
allows us to see where a nation sources the inthates it uses to export and where it sells
the intermediates that are used in its partnesogs. We start with the four giant
manufacturing nations (Figure 19).

The left chart in each panel shows the nation’sd@trcing pattern — i.e. the share of its
exports made up of imported intermediates fromligte partners. For each partner, the
shares are shown for 1995 and 2008 to illustraetolution of sourcing patterns. Note that
the purchase shares are all positive, but they haga plotted as negative numbers to
facilitate comparison between sourcing and saléenos. The right chart in each panel
shows the nation’s bilateral exports of 12E tradeahare of its total exports. As usual, tiny
partners have been removed to improve readability.

The US figures are in the upper left panel of Fegl®. The key facts are:

* The US’s buys significant amounts of 12E inputsvirbandful of suppliers (Mexico,
Canada, China and Japan especially).

* On the sales side (right chart), Mexico and Caraaddhe big destinations; Mexico’s
role is rising and Canada’s is falling.

The share of US I2E exports to Mexico is risingdtly and has reached almost 5% of US
exports. Canada role, initially bigger than Mexg;dias declined steadily. While the US sells
some intermediates into supply chains in the oBiénations, these are all fairly small and
declining mildly. China is not a significant desttion for this type of US export.

On the purchasing side (left chart where the numbes forced to be negative for plotting
convenience), Mexico and Canada again play a lalgeand both have seen their
importance to the US increase over the period. Wewehe US has a far more diverse range
of suppliers of its intermediates than it does@hdnders of its intermediates; China’s role
has soared and now equals that of Mexico. In amditiapan, Germany and Korea are
importer suppliers of intermediates used in US espdhe role of Japan has declined of the
period.

The numbers for Germany come next (top right panel)

* Germany is far more broadly involved in internatibsupply chains than either the
US or Japan; it buys and sells a significant amo@imitermediates to a larger number
of nations (mostly in Europe but also the US).

In 2008, almost 40% of German exports were madaf IQE trade. On the purchasing side,
Germany also sources broadly, but again mostly ffomope, although both the US and
China are important. Overall the imported inputsstiiute about 20% of German exports.

The next panel shows the same figures for Japan.
» Japan’s overall pattern is quite different fromttbiathe US.

On the sales side (right bar chart), we see thtnlaas a much broader range of ‘customers’
for its intermediate exports. The supply chainthefUS, Korea, China and Germany all buy
more than 1% of Japan’s total exports for use aupcing their own exports. On the

sourcing side (left panel), Japan buys mostly fAsia economies and Australia, with the

role of China and Indonesia increasing significanthe US is also a major supplier but its
role has decline. The rising importance of the reattesource rich nations like Australia and
Indonesia is remind us that these supply chairutaions include primary goods.
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Figure 19: Sourcing and sales patterns, 1995 to 2DOUS, Japan, Germany and China

Source: Authors’ calculation on OECD 10 tables.

The lower right panel shows the facts for China.

* On the sales side, China’s pattern resembles Japahwith a heavier reliance on the
US market; on the purchase side, however, its lguyattern is more specialised than
the other four giants.

We conjecture that this reflects the links betw€amese manufacturing and advanced-
technology companies from the Japan and Korea;ehigrgcstrong reliance on these nations
for inputs that are used in China’s exports.

* To some extent, China resembles a headquarter mgonmo the sales side but a
factory economy on the sourcing side.
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This may reflect the nation’s comparative advantagaal assembly, which means many of
its exporters are really indirect exports from sastteer nation such as Japan (more on this in
Section 5). Finally:

» China has fast growing links with resource abundanntries such as Australia,
Brazil and Russia both on the purchasing and getlides.

3.8.1. Typical factory economies

The distinction between factory and headquarten@eies comes out clearly when
comparing the same sort of diagram for nationsah@known to be closely linked to the
industry of one headquarter economy. We choosedbilre most obvious examples,
Canada, Mexico, Poland and Hungary.

Sourcing S.Africa | Selling Sourcing S.Africa | Selling
# us _— 5 US ]
Sweden| | % Sweden|
Russia == Russia -
Poland Poland
Norway 1 Norway '
NL ! = NL H
= Mexico - Mexico !
Korea ' = Korea
= Japan i % Japan |
= 2008 Inclia : 2008 T India ]
1995 J Indonesij ¢ 1995 J Indonesii .
France ' = France H
Spain % Spain !
7 Germany == Germany =——
=4 China == China !
Switz Switz
Canada Canada
Brazil Brazil
Austria | 7 Austria,
Australiag Australia)
-30% -20% -10% 0% 0% 10% 20% 30%)| | -30% -20% -10% 0% 0% 10% 20% 30%
Canada: I12E sourcing and selling pattern | Poland: I2E sourcing and selling pattern

Figure 20: Factory economy sourcing and sales pattes, Canada & Poland.
Source: Authors’ calculation on OECD IO tables.

The clearest feature of the charts for Canada aexddd is their extreme dependence on the
US for both sales and sourcing. (Note that theesisarom -40% to +40% rather than -10 to
10 as for Figure 19.) For Mexico the US orientatias been growing rapidly while that of
Canada’s has been declining on the sourcing sideising on the selling side.

The charts for Poland and Hungary show a similgeddence on the neighbouring industrial
giant, Germany, but the figures are less extreme.

3.8.2. Features of HQ and factory economies

These charts show a pattern. Advanced technologgduarter economies buy and sell 1I2E
intermediates to and from a wide range of partrieastory economies are heavily dependent
on one partner, which is always the nearest advateotinology manufacturing giant (US,
Japan and Germany). China is something of an iwdmat case. On the sales side, it acts like
a headquarter economy in that it supplies a braadge of partners. On the sourcing side,
however, it sources mainly from the three advarteetinology nations, and Korea.

4. REEXPORTING / REIMPORTING

To dig deeper into the global pattern, we turn nesxhe a refinement of supply-chain trade.
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This refinement is a subset of I2E and it allowsaipick up simple offshoring relationships.
The concept — reexporting / reimporting — zoomarirparticular partnerships where one
nation is sending parts to another and them brgtiiem back for further processing or
consumption. See Figure 21 for an illustrationhaf toncept$®

/ Canadian car industry

Parts Assembly

US “reimports”
(US exports intermediates for processing in
Canada and then imports them back to US
i embodied in goods and services; the bilateral

flow is normalised by all US exports to
Canada).

T

Assembly

Cars US “reexports”

b (US imports intermediates for processing

F" I from Canada and then exports them back
to Canada embodied on goods and

US car industry services; the bilateral flow is normalised
by total US imports from Canada).

V\Q\{J\’\/\<

‘ NB: US “reimports” are Canadian “reexports” but with different normalisations. ‘

— ~\J
Figure 21: Schematic illustration of reimporting and reexporting supply-chain trade
Reimporting and reexporting is used to captureddriéd supply-chain relationships like one
that exists between the US and Mexico. The US ferports intermediates to Mexico and
Mexico exports intermediates to the US. What reirtipg captures is the fact that a certain
fraction of the value of Mexican exports to the id$hade up of US intermediates. In other
words, the US intermediates are making a rountliridexico. We normalise the bilateral
flow by the bilateral imports to get the reimpogishare.

For example, about 70% of US imports from Mexicasist of US-made intermediates that
had previously been exported to Mexico.

4.1. Factory North America

The North American reimporting/reexporting pattehows the extreme asymmetries that
provide the archetype for the headquarter vs fgaoonomy classification.

* US shipments of intermediates to its nearby low-evagighbour (Mexico) are
reimported, but it reexports very little; i.e. USmporting from Mexico is large but
its reexporting to Mexico is small.

Or, to put the same fact in the terminology of bfisng, the US offshores many intermediate
production stages to Mexico but reimports the te@sylgoods either as intermediates for
further processing or as final sales. Specificdhg, left panel of Figure 22 shows that 65% of
US exports to Mexico in 2008 were made up of ineddiate goods that were subsequently
reimported by the US. The mirror image of this skayp in the Mexico chart (right panel).

e Canada has a similar, although attenuated pa&pn;of US exports to Canada are
reimported; 5% of Canadian exports to the US areperted.

* The reexporting pattern shows clear evidence fbrdnd-spoke network based on the
US hub.

13 While there is some direct administrative datdhos sort of processing trade, it is limited in nty coverage
and misses a great deal of such processing wlgenat organised within a single firm.
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Canadian processing for Mexican industry (Canackanports) and Mexican processing for
Canadian industry (Canadian reimports) make up 2#yand 11% of the bilateral trade.

Moving outside the NorAm region, we see that Mexdoes some reimporting from nations
beyond the region, especially Korea and Chile (5% 220 of bilateral trade respectively),
and Mexico is an important re-exporter to Chinardég Germany and Japan. The shares of
such trade in Mexico’s bilateral trade amount t&62713%, 10% and 10% respectively.
Canada, by contrast, does little reimporting oxpegting for non-NorAm nations; the largest
is re-exports with China and this accounts for @%y Canadian exports to China.

- US, 2008 Canada, 200 . Mexico, 2008
us ] us us =1
exico [ exico exico ]
M M M
Canada — Canada Canada =
Argentina — Argentina Argentina -
China — China China —
Indonesia J Indonesia Indonesia
S.Africa J S.Africa S.Africa ]
Korea = Korea Korea —
Russia - Russia Russia ]
BrﬁzKll = BrazKll BrSzKll L]
-
India = India India
Sweden = Sweden Sweden ]
Italy - Italy Italy [
Switz 1 Swifz Swifz
Austria 1. Austria Austria ]
Germany . Germany Germany =
France 1 France France L
NL b  mReexports NL = Reexports NL [ = Reexports
orway * orway orway J
N X N X N X
pain * pain pain i
Japan [ ; Japan ; Japan - i
Austrla“% 1 m Reimports AlfDStrlgllc?j = Reimports A%Snig“% = Reimports
olan olan olan
-70% -35% % 5% 7 -70% -35% 0% 35% 709 -70% -35% 0% 35% 709
09 359 09 359 09

Figure 22: Factory North America: US, Canada and Meico (reimports and reexports).

Notes: For example, US reimports from Mexico shtwesshare of the value of US’s imports from MeXicat
consist of intermediates that originally came fribva US; US reexports to Mexico shows the share®f U
exports to Mexico that consist of intermediated traginally came from Mexico. US reimports from keo
concern the same flows and Mexico reexports tdtBebut the former is normalised by US exports &xo
and the latter by Mexico exports to the US. Soufeghors’ calculation on OECD IO tables.

4.1.1. Evolution: 1995 to 2008

The spectacular evolution of Factory North Amegea be seen by comparing Figure 22 and
Figure 23. As the introduction notes, North-Nortipgly-chain trade was common since the
1960s so little changed for Canada between 1992@08 (the big offshoring boost came
with the US-Canada Auto Pact). The radical chamageecwith North-South offshoring and
the reimporting/reexporting trade it sparked. 1939.%he US did almost all of its offshoring

to Canada and a bit to Mexico (as measured by Wpoeting figures).

By 2008, the involvement is Mexico increased enarsiypas a share of US exports to
Mexico but had not increased much with Canada @&maee of US exports). By contrast, the
US started reimporting its own intermediates fromwch wider range of partners including
China and Indonesia. Note that reimports here decthe full supply chain so US capital
good exports are counted in the reimports if Chises US capital goods to produce, say,
mobile-phone exports to the US.

The changes for Mexico are even starker. In 199&xitb reexports to the US were a minor
story and the reexports to all other partners wereexistent. By 2008, reexports where
multiplied many times over as a share of Mexicamoets to the US. Mexico also became
involved in the supply chains of China, Korea, Ganmand Japan.
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Figure 23: Evolution of reimports and reexports, USand Mexico, 1995 vs 2008.
Source: Authors’ calculation on OECD IO tables.

4.2. Factory Europe

A similar pattern can be seen around Germany, adfhdt is more complex given Europe’s
more elaborate political and economic geographguifeé 24). The top left panel of Figure 24
shows that Germany, like the US, does a greatalesalpply-chain trade with its low-wage

neighbours. (Note that the scale is -50% to 50%eadsof -70% to 70% in the North
American charts.) Two differences with Factory NoAimerica are worth pointing out.

* Unlike the US, Germany engages in supply-chairetsaith other high-wage nations
(Austria, Netherlands and Switzerland); we conjecthat proximity matters since
each of these nations shares a border with Germany.
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Figure 24: Factory Europe: Germany and low-wage famory economies, 2008.
Source: Authors’ calculation on OECD IO tables.

* Germany’s reimporting pattern from nearby low-wagéons is far more diverse that

of the US. Only about a third of German exportsltmgary are reimported after
processing; for the US and Mexico, the figure rmadt three-quarters.

Germany'’s factory-economy partners, such as Pokdrate a common dependence on
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processing for German industry. For most, 20% orenad the bilateral trade with Germany
comprises goods that were imported from Germaroggssed and then reexported to
Germany (Portugal is the exception at only 11%).

» One striking difference between Factory North Amm@&iand Factory Europe is the
existence of substantial reexports and reimpor@manthe spokes in Germany’s hub-
and-spoke offshoring system.

In addition to Germany, which is a global manufaoty giant, Europe has three other high-
technology nations with large manufacturing sectBrgain, France and Italy. Figure 25
shows their patterns drawn to the same scale andp@grs.
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Figure 25: Reexporting/reimporting flows for UK, France and Italy, 2008.
Source: Authors’ calculation on OECD IO tables.

We see immediately that these three nations hawgogting and reexporting patterns that
clearly place them in the headquarter categorg.-much more reimporting than reexporting
— although Italy is a borderline case. Moreovdhalgh the three reimporting patterns are
not as diverse as Germany’s, the overall importafdewith at least one partner is similar in
magnitude. It is also worth stressing that theseetldo some processing for Germany, but
very little for each other. This suggests thatéhsra hub-and-spoke arrangement in Europe
around Germany and the system includes the otleglguarters economies as well as the
factory economies (Lejour et al 2012a).

The development of Factory Europe from 1995 to 2808ore or less in line with

developments in Factory North America in terms agmtude changes, so we don't provide
separate numbers for Europe.

4.3. Factory Asia

The situation in Asia is much harder to track. BactNorth America is a simple hub-and-
spoke system; IE2 is mostly bilateral. Factory Bearcs similar but complicated by the
proximity of three other high-technology nationsihthe hub nation (Germany). Factory
Asia is much more like a network and much less dikeib-and-spoke pattern. Processing
often involves stops in multiple nations. The nfastous example is so-called triangle trade
where Japan exports sophisticated components ta@ti assembly into consumer
electronics and onward sale to the US. The bilblieks highlighted in
reimporting/reexporting measures will not revead.th
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Another problem is the coverage of the OECD talsiéwavily biased towards Europe.
Several key supply-chain traders — Thailand, thégpines, and Malaysia — are not
included. To get a handle on the second dimensiershow the intermediate sourcing
pattern from the year 2000 JETRO Asian IO tablgFe 26; the 2000 matrix is the latest
available; see IDE-JETRO 2006). This has the a@dwegnof including more East Asian nation
but the disadvantage of having fewer other nateorsof not being standardised with the
WIOD data:*

The matrix in Figure 26 shows the share of inteliated used by the column nations that are
sourced from the row nations. All cells less th&hHave been zeroed to improve readability.
As usual, the diagonal shares (own provision afrmediates) are all very large, especially
for the large nations, Japan, the US and Chinah\di¢-igure 26 is in line with the findings
above — Japan, the US and Korea are major supfiieadl nations in the region. One key
point is that the nations excluded from the OECiga matter for each other but not for the
four large manufacturers shown (the US, Japan,&aeChina). For example, Malaysia
supplied 2% of Thailand’s and the Philippine’s intediates, but less than 1% for the four
economically large nations. This result suggesdsttie lack of OECD IO tables for

Thailand, Malaysia and the Philippines is probatdya major issue for interpreting the
supply-chain trade of big nations in the OECD samijni particular, Indonesia sources less
than 1% of its intermediates from Thailand, Malayand the Philippines. With this noted,
we proceed to analyse Factory Asia using the teciesi applied to the North Atlantic
regions.

% ol _E g °
2 2 & 6 £ 56 &8 ¢ 83
Indonesia b 1% 1%
Malaysia 58% 2% 7% 2% 1%
Phiippines 19
Singapore 7%
Thaiand 2%
China 2%
Taipei 3% 2%

Korea 1% 2% 3% 2% 1% %

Japan 2% 9% 7% 8% 7% 1% 7%

us 2% 7% 5% 6% 3% 4% 3% %
HK 2% 2%

Row 2% 4% 4% 4% 4% 1% 3% 2% 1%

Figure 26: Share of column nation's intermediate iputs from row nations (%)
Source: Baldwin (2006b) adapted by authors.

Returning to the Lopez-Gonzalez data based on OEXtables, the reimporting diagram for
Japan (left panel of Figure 27), is that of a ¢tadheadquarter economies like Germany and
the US. In particular, Japan engages in a lotiaiperting but very little reexporting. (Note
the scale is -50% to +50% as for Europe; for Néutherica it was +-70%.) The key points
are:

* The level of reimporting and reexporting by thdse¢ nations is much lower than in
North America and for Japan it is much lower thaam WS or Germany.

This may seem surprising given the view of Asihaging the most extensively
internationalised production network. Indeed, thesabers show us that while reimporting

14 JETRO perceived the need for WIOD-like effortsattes ago and has produced 5-yearly Asian inputdbutp
table back to 1975.
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is a good way to capture a simple back-and-fortshofing relationship, it misses more
complex production networks where the parts benoggssed are not returned immediately
to the headquarter economy.

» Judging from the European experience, Korea loikst is a hybrid between a
headquarter economy and a factory economy.

It has large reimporting and reexporting relatiopshwith Japan, China, the US and several
nations that are abundant in natural resources.

* Again judging from the European experience, Chiigh{ panel of) looks as much
like an headquarter economy as, say, Italy.

_ Japan, 200 _ Korea, 2008 _ China, 200¢
Japan ] Japan —— Japan =
Korea - Korea ] Korea =
China - China ——— China ]
Mexico » Mexico ] Mexico -
Switzer ) Switzer ] Switzer i
Russia i Russia L Russia -
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India i India = India -
Norwaé/ ) Norwag i Norwaél i
U 3 V] — U -
Italy i Ital I Ital
Canada ] Canada [ Canada 4
Germany 1 Germany = Germany L]
Sweden 7 mReexports| Sweden 1 m Reexports| Sweden ) m Reexports
UK ] . UK i . UK ] .
NL i = Reimports NL 1 m Reimports NL ] = Reimports
France ] France [ France i
Austria ] Austria ] Austria
Spain ] Spain ] Spain
Poland | . . . Poland . . . Poland | . . .
-50% -25% 0% 25% 509 -50% -25% 0% 25% 509 -50% -25% 0% 25% 509

Figure 27: Japan, Korea and China: reimports and rexports by partner
Source: Authors’ calculation on OECD IO tables.

The most interesting aspect of this is what wenditifind. There is a common perception that
China is the assembler of the world, with the famimod case being a leading example (see
Linden et al. 2009 and Dedrick et aD10). If this perception were true, China’s patte

would look like Mexico’s. That is, dominated by xgerting relationships with advanced
economies and engaging in very little reimportimgtead we see that most of the bilateral
relationships are marked by reimporting relatiopshi

How can we integrate these facts with the commaogpdion of China as offshore
destination par excellence? One plausible explamasithat China is the source for many
low-tech intermediate goods that are used in KdarealJS, and Japan. These are embodied
in high-tech components which are then sent bachioa for final assembly. In this
example, the advanced-technology companies argsagnee offshoring upstream stages to
China as well as assembly. Judged from the EuropediNorAm perspective, this looks like
China is offshoring the middle stages to Korea Zayuan.

4.3.1. Triangle trade: From Japan and Korea to Chin  a and then to US

To explore this complexity further, we perform aeecise similar to the one that generated
data on reimports shown above but we focus on Ghaorts to the US. The idea here is to
see how the intermediate content of China’s exgortee US has evolved. The facts are
shown in Figure 28. The height of each bar showsttare of China’s exports to the US
made up of imported intermediatesThe bars also show where the imported intermesliate
are sourced.

15 Remember that output equals, by definition, tha siilocal value added, local intermediates andoirtgal
intermediates.
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The dominate feature of the chart are:

* Imported intermediates in China’s exports to thedd&Sgrowing — especially imports
from advanced technology nations such as Koredren@7.

The share of these suppliers’ inputs in Chines@#spose from about 10% to 15% between
1995 and 2008. This provides some support for onjecture that China is active in supply-
chain trade at the very upstream and very downstesals.

25% +
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m Nat'l| Res.Exporters
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Other G7
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Figure 28: Imported intermediates in China’s expors to the US, 1995 to 2008
Source: Authors’ calculation on OECD IO tables.

* The biggest increase in imports is from the nattgsburce exporters in our sample —
with the share rising from about 1% to 5%.

Again this provides some indirect evidence forittea that China’s large reimporting
activity with the natural resource exporters — €lgile, Argentina, Indonesia and Russia —
consists of Chinese exports for manufactured ingeliates used in natural resource
exploitation (farm and mining equipment, etc.).

5. Focus oN CHINA

Given China spectacular rise in the manufacturgagylie tables and its deep involvement in
supply-chain trade globally, it is useful to studlina’s experience more closely. The basic
scene is set when comparing China'’s soaring shHag®loal manufacturing and its
tremendous increase in reexporting and reimpogirayvn in Figure 25.

The facts show:

* In 1995, China processed goods for Japan and Kaneiadid some reimporting from
Japan — but all at very low levels.

* By 2008, as noted above, China’s had engaged tgbhpin supply-chain trade with
a wide range of partners while simultaneously erpanits reexporting relationships
with Korea, Japan, Germany and the US.

Figure 25 also sheds light on the phenomenon aified South-South trade. We see that
China is doing a great deal of reimporting fromunaltresource-rich partners like Argentina
and Australia. This does not appear to be thead@imple offshoring relationship we saw
between the US and Mexico. We conjecture that Cisisapplying industrial goods that are
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used in the extraction, transportation and refing@moé natural resources that China imports
from these nations.

China, 1995 Argentina China, 2009
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Figure 29: Development of China’s reexporting and eimporting, 1995 v 2008.
Source: Authors’ calculation on OECD IO tables.

5.1. Is China moving up the value chain? Cross-sect  or evidence

It is widely asserted that China is ‘moving up tiadue chain’. There are several ways of
interpreting this; we pursue two. The first focusescross-sector changes, the second is on
within-sector changes concerning intermediatesfiats goods. We start with the cross-
sector facts.

At the sector level, moving-up the value chain pnegbly means producing more in high-
tech sectors and less in low-tech sectors. Activityectors like transportation equipment and
electrical and optical equipment should expandyiggtn textiles should shrink, at least
relatively. To investigate, we use the WIOD datat fprovides information on 35 sectors — 18
of which are service sectors. To facilitate analysie aggregate all service sectors. The facts
from WIOD show that between 1995 and 2009:

* China clearly moved up the value chain in termgroks production, but;
* The change in value added is much more mixed.

The annual growth rates of the two measures anersby sector in Figure 30. The blue bars
show the gross output numbers (which are, by defmiequal to total sectoral sale to all
nations including China itself). China’s excellewerall growth performance is clear from

the chart but especially so in electrical and @btejuipment, transport equipment, chemicals
and machinery. Below average gross output growthexgerienced in sectors like
agriculture and related products, non-metallic mals leather and footwear, textiles, etc.
This is what ‘moving up’ should look like.

The red bars, however, tell a different story. Tekgw value-added growth (i.e. gross output
less intermediates) following a different pattdtere the fastest growth was in food and
related products, basic metals, wood and relatedyats, and mining and quarrying. The
below average sectors were agriculture, paperspan equipment and machinery nec.

Which figures are right? The gross output figutesws what Chinese factories are doing; the
value added figures show what Chinese workers @regdand other primary inputs like
capital). Traditional economic analysis focusevalue added since this shows the allocation
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of scarce resources, but if industrialisation tgkeses in stages and the first stage is to get
production inside the borders, the gross outputréig are also important.

Elect & Opt'l equip
Transport equip
Chemicals & Chemical
All services
Machinery, Nec
Wood & Products of
Basic Metals &.
Rubber & Plastics

Mining & Quarrying
Coke, Refined Petro &
Pulp, Paper, Paper
Manufacturing, Nec;

Food, Beverages & m Value added
Textiles & Textile Products
Leather & Footwear & Output
Other Non-Metallic.
Ag & related | . .
0% 20% 40%

Figure 30: Output and value added growth by sectorChina from 1995 to 2009.
Source: www.WIOD.org.

Another line of evidence in the across-sectorqidtsheds light on the moving-up hypothesis
by comparing China’s pattern of intermediates potidn versus the world’s pattern.

Revealed Comparative Production Advantage (RIPA)
While sectoral growth rates are informative, theynodt control for the massive change in
outsourcing globally — a trend that has affectedessectors much more than others (Figure
6). One way to get around this is to look at intedmates production patterns in China and
compare them with the world. The logic here is dkithat of the Revealed Comparative
Advantage index, which compares the compositioa @étion’s exports to the world
composition. Instead of exports, however, we famushe production of intermediates.

This measure — what might be called Revealed CaatiparProduction Advantage, or RIPA
— is shown in in Figure 31 for 1995, along withd@mponent$® The blue bars in the left
panel show the composition of world intermediatexipction (i.e. the share of each sector in
total world intermediates production); the red slrew the same for China. The difference is
what we call RIPA (right panel).

* The dominate feature in 1995 is the massive unaelyetion of services in China
compared to the world pattern as reflected in duas’s negative RIPA.

China’s RIPA for most goods sectors are positivieviany in size. The goods sectors are
ordered roughly according to sophistication, ragdnom electrical and optimal equipment
(this includes electronics) to raw materials likde, petroleum & nuclear fuel.

8 WIOD shows where the output of each sectors i antl for what use, i.e. as intermediates or fijoalds.
We use the sum of Chinese sales-for-intermediata$ hations, including itself, as Chinese prodcbf
intermediates. These are all in gross value teoribere is the usual double counting, but thisuippseful. Our
goal is to look at gross production of intermedidateChina since we want to track whether Chinaaking
more intermediates locally in 2009 as opposed 8519
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Figure 31: Revealed Intermediates Production Advarage (RIPA), 1995

Source: www.WIOD.org
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Figure 32: Revealed Intermediates Production Advarage (RIPA), 2009
Source: www.WIOD.org

To gauge the evolution of intermediates producéiomss sector in China versus the world,
Figure 32 displays the same numbers for 2009. élh@anel shows the two production
profiles as before (but for 2009) and the rightgdatows RIPA for 1995 (red bars) and 2009
(black bars). The dominant shift between 1995 &@P2s:

* China’s gap in intermediate services disappears.

In 1995, only 27% of Chinese intermediates werseivices, while the global figure was
52%; by 2009, the Chinese figure was 63% whileglbbal figure was 64%.

Returning to the up-the-value-chain question, veeis€009:

* China had a revealed intermediates production ddgarn(RIPA is positive) in some
primary sectors and some light manufacturing sector

The former include agriculture and related goodsld, and mining; the latter include textiles
and related, leather and related, rubber and plgetids, and manufacturing not elsewhere
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classified, nec). China also has a RIPA edge imateds, and basic and fabricated metals.
To summarise:

» China has a revealed intermediates productiondiiafgage (RIPA is negative) in
high-tech sectors; and
* Arevealed intermediates production advantage (R#R#ositive) in low-tech sectors.

For example, the numbers for transport equipment,edectrical and optical are negative
while they are positive for agriculture and relapedducts, leather and related products and
manufacturing not elsewhere classified. Table Gshthe numbers explicitly/.

RIPA '09 RIPA '95 RIPA ‘09
minus '95

Other Non-Metallic Mineral 3% 4% -1%
Coke, Refined Petroleum and Nuclear Fuel -1% 1% -2%
Mining and Quarrying -3% 1% -4%
Agriculture, Hunting, Forestry and Fishing 3% 6% %4
Food, Beverages and Tobacco 0% 1% -1%
Textiles and Textile Products -1% 4% -5%
Leather, Leather and Footwear 3% 1% 2%
Pulp, Paper, Paper , Printing and Publishing -1% % -1 0%
Rubber and Plastics 0% 1% -1%
Wood and Products of Wood and Cork -1% 0% -1%
Manufacturing, nec; Recycling 4% 0% 4%
Machinery, Nec -2% 2% -4%
Basic Metals and Fabricated Metal 0% 5% -4%
Chemicals and Chemical Products 1% 2% -1%
Transport Equipment -3% -1% -1%
Electrical and Optical Equipment -1% 0% -1%
All Services -1% -25% 24%

Table 6: China’s RIPA in 1995, 2009 and swings byestor.
Source: www.WIOD.org

The interpretation of these numbers, however, istraightforward since a low-tech sector
like agriculture can use very high-tech intermesbatind some intermediates in high-tech
sectors are themselves very low tech. Neverthetieissfinding cast doubts on the notion that
China is shifting its intermediates production iway that makes it more self-sufficient in
high-tech sectors. Of course the level of aggregatould be hiding many important
developments, but RIPA does not provide any cleateace of an upward shift in China’s
value chain.

5.2.  Within sector evidence: Substituting local for imported intermediates

Next we turn to intermediate usage. We are lookimggvidence that China is replacing
imported intermediates with domestically produceds) especially in high-tech sectors. We
start with the composition of China’s intermediasage for all production rather than simply
those used for exporting (i.e. I2P rather than I2E)

" This conclusion can be moderated when we considgrgoods. The reason for doing so is that theidate
swing in services between 1995 and 2009 is so nelggiositive that it tends to make all other chesg
negative. That is, given the way the index is fdated, the distribution of swings in goods musbheaverage
negative by 24 percentage points. The big winnersrg the goods sectors — i.e. where China’s RIBA the
most — were in manufacturing nec (4 percentagetgpiand leather and related (2 percentage poifite) rest
saw China losing ground with the heaviest lossdsviatech industries such as metals, and textiles.
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Figure 33: Imported Intermediates Ratio (IIR): China 1995 & 2009.
Source: www.WIOD.org; note: IIR = Chinese importsriermediates over Chinese usage of intermediates
(sourced locally and abroad).

Evidence from the imported intermediates ratio (IIR)
To investigate local versus foreign sourcing oéinediates, we look at China’s
intermediates import ratio. This is just the vatdiémported intermediates over the sum of
imported and locally sourced intermediates. As B0 shows, in 1995 China sourced less
than 20% of its intermediates from abroad in méshe sectors, although for electrical and
optical equipment the figure was over 30% (bluespar

To look for switches from imported to local sources also plot the imported-intermediates
ratio (IIR) for 2009 (red bars). The notable faats:

» China saw a very large swittbwards foreign sourcing in services, and natural
resource sectors (mining and quarrying);

» Large switchesway from foreign sourcing in ‘light manufactures’ (textilaad
clothing, leather and footwear, and Wood and rdlateducts).

« China’s dependence on imported intermediates didlinate in the higher-tech sectors
such as electrical and optical equipment, transguitpment or chemicals.

This is mixed evidence for the moving up hypotheEiere were significant switches to
local intermediates (evidence for the hypothesis) they occurred most strongly in low-
technology manufacturing sectors (leather, textilsod, etc.).

5.2.1. China’s source of intermediates

At the level of aggregation used above, it is ctbat very different goods are being lumped
together in the IIR. To get a bit of traction oe $ophistication of the intermediates, we add
the country of origin dimension. The behind thisefituning is that intermediates sourced
from advanced technology countries are like to tneeglifferent from those sourced from
low-wage nations. The data is displayed in Figute 3
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Figure 34: Changing sourcing, China: What and fromwhom, 2009 vs 1995.
Source: WIOD with authors’ calculations. Naturadaarce exporters are Australia, Canada and Russia.

The WIOT table provides information on 35 sectbrd, to facilitate analysis we group them
into eight categories of goods, namely: Chemidalsctrical and Optical Equipment, Light
Manufacturing, Machinery not elsewhere classifiensportation Equipment, Services and
natural resource®.We distinguish seven sources of intermediatesariagorea, Taipei, the
G7 nations (excluding Japan), domestic (i.e. Chaalyces, natural resource exporters and
everyone else (RoW).

The right panel shows the sourcing shares of therseegions in the eight sectors in
2009.The bars in the left panel show the percentage changes in China’s sourcing shares
from each nation in each sector (i.e. a sourcedsesim 2009 in a sector minus its share in
1995). Positive numbers suggest a gain in competiéss relative to the other producers.
When supply share is lost between 1995 and 2098ait shows up on the negative side and
indicates a loss of competitiveness. What we askiihg for is evidence that China’s
intermediate producers are gaining competitivemeblgyh-tech sectors. The most striking
feature in Figure 34 is:

* There has been a large substitution away from doergsurces and towards imported
sources for intermediates in Primary goods & fuatg] Machinery nec.

The gaining foreign sources are mostly RoW for janyngoods, and RoW and the G7 for
Machinery nec. While it is difficult to evaluateetthange in Machinery nec, the switch in
primary intermediates is perfectly in line with coon perceptions that China is drawing in
raw materials at a might pace (raw materials casnhtermediates in WIOD).

* The light manufacturing sector is where China’segtigas increased the most.
China’s gain came mostly at the expense of Japare& Taipei, and other G7 nations.
* A big shift among foreign suppliers occurred indEteal and optical equipment.

Intermediate inputs from Japan and other G7 nafelhbeing replaced by imports from
Korea, Taipei and RoW (which includes all of ASEANhe only other notable shift was in

18 Light manufactures comprises textiles and clothiegther and leather goods, wood and wood prodaits
paper and pulp; Primary goods and fuels consiségyatulture, Hunting, Forestry and Fishing, Miniagd
Quarrying, Food, Beverages and Tobacco, and Calfmdtl Petroleum and Nuclear Fuel.
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services.
» Services from advanced-technology nations havetiswtes! for those from China.

Recall that these are services that are inputdimt@roduction of other goods and services,
not final services sold to consumers or governrbedies.

Changes for Japan and Korea
Apart from primary goods, the big share shifts iguife 34 involve Korea and Japan. To shed
more light on China’s role in Factory Asia, we shibw Figure 34 calculations for Japan and
Korea (Figure 35). Japan’s numbers are displayddernop panel; Korea’s in the bottom
panel.
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Figure 35: Changing sourcing for Japan (top) and Keea (bottom), 2009 vs 1995.
Source: WIOD with authors’ calculations.

Japan’s development is one of across the boarmdhattenalisation. In every sector except
services, sourcing from domestic sources is swafipagreater foreign sourcing. The biggest
change is in electrical and optical equipment witgh@a is the biggest gainer. Indeed in
most of the sectors, more than half the foreigneiase in shares is attributed to China except
primary goods and fuels (in transport equipmers &most half). This is a picture of the
famous ‘hollowing out’ of the Japanese economytid¢éahat the 2009 shares of self-
sufficiency in intermediates (right panel) are gustmilar between Japan and China.

Shifts in Korea’s sourcing pattern are more mixeghtJapan’s and more indicative of
‘moving up the value chain’ than China’s. The biguoges are a massive loss of
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competitiveness in primary goods (a trend shareld #dpan and China), and significant
increases in competitiveness in transport equip@edtmachinery nec. The latter two
sectors are typically considered high-tech so tiisttution of Korean intermediates for
imported intermediates suggests a move up the hlai@ in these sectors — at least within
the very aggregate level of analysis that is péssiith WIOD data.

The behaviour of intermediate sourcing in Electrazad optical equipment in the three
Northeast Asian nations is noteworthy. Japan ang#&bave clearly outsourced parts
production to China but not to each other. Chiryagdntrast, has substituted intermediates
from Korea and Taipei for Japanese intermediatastifer salient point is the lack of
substitution between Japanese and Korean intertesdiathose two nations. Despite the
massive internationalisation of production thatuwoed in Asia during this decade and a half,
neither Korea nor Japan increased their sourcmg #ach other in any sector. This can be
seen by the lack of blue in the Korean chart (motp@anel of Figure 35) and the lack of green
in the Japanese chart.

5.3. Revealed supply chain advantage (RSCA)

China’s participation in international supply cheis widely believed to lie heavily in final
assembly rather than production of intermediatestioer nations’ production processes. As
we saw in Section 3.5, the latter part of this @sseis certainly not true as far as other
nations are concerned — China is a major suppliet@ermediates for nations across the
world. Here we look at it from China’s perspectiVée ask how much of China’s exports
involve final goods versus intermediate goods.

Our measure — what might be called revealed sugipdyn advantage, or RSCA for short —
looks at the sector-by-sector share of Chineseréexptade up on intermediates and
compares this to the world share. The idea belhisd like that of the traditional revealed
comparative advantage index (RCA), is that the dvimlermediates export share provides a
benchmark against which to gauge the orientatid@loha’s industry towards intermediates
versus final-good exports.

The components of RSCA are show in the left pahEigure 36. The red bars show the
share of Chinese exports in each sector made upesiediates. For example, Chinese
exports in the mining and quarry sector are almthshtermediates, while its exports of food
and related products is almost all final goods. S&mme figures for the world as a whole are
shown with the blue bars. China’'s RSCA index isdifference between the two, with a
negative RSCA indicating that China has a disacgein the sector when it comes to
exporting intermediates versus final goods. Toage¢rspective on how important the sectors
are, the right panel shows China’s and the woedjsort shares for each of the sectors in
2009.

The key point on China’s RSCA for 2009 is:

* In 2009, China has a comparative disadvantage@nnediates — and thus a
comparative advantage in final goods — in almdstesitors:’

This, of course, reflects China’s well-known stréngs an assembler of final goods.

The middle panel of Figure 36 shows the same nusrfberl 995. The key point in
comparing 1995 and 2009 is:

9 Fuels, chemicals and transport equipment arextentions.
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» China’s comparative advantage as an assemblersvieteumediates producer has
changed little since 1995 but the magnitudes haleenf (notice the scale in the
middle panel starts as -50%).

In other words, China’s participation in global piypchains — which has boomed for
intermediate and final goods exports — has shdtedy from assembly and towards
intermediates.
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Figure 36: Intermediate export shares and revealedupply-chain advantage (RSCA),
China 2009 and 1995.
Source: WIOD with authors’ calculations.

For comparison’s sake, we show the RSCA for Fadiwnth America, and a pair of nations
in Factory Europe in Figure 37. To reduce the ehdind focus on big sectors, we only show
the sectors where world exports in the sector aneerthan 5% of world exports overall.

For Factory North America the RSCAs are shown aldft panel. By definition, a positive
RSCA indicates a relative advantage in intermediatel, necessarily, a relative
disadvantage in final goods. Thus we can conclhdeassembly tends to take place in
nations with negative RSCAs and parts productiodgeo take place in nations with positive
RSCAs. The RSCAs for North America shows the fanitiattern in the transportation
equipment sector. In transport equipment, the USaheomparative supply-chain advantages
in intermediates (and thus an dis-advantage in &intbs) while Mexico and Canada have
comparative supply-chain dis-advantage in interatedi This reflects the fact that assembly
tends to take place in the in Mexico and Canad#&ewdarts production tends to take place in
the US. In reality, assembly and parts productade fplace in all three nations, but the
RSCA picks up averages.

A similar pattern is found in the electrical andiogl equipment sector; the US is exporting a
relative large share of intermediates while Mexaod Canada are exporting a relatively large
share of final goods — where relative is compaoeithé world intermediates export share. In
machinery nec, however, it seems that the interatesliare coming from both the US and
Canada while the assembly tends to be in Mexico.
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In Europe (right panel) we see that in the transpon equipment sector, Poland has the
relative edge over Germany in parts, while Germaas/the edge in assembly. The pattern is
reversed for basic metals and fabricated metalymtsd

All services All services
Transport equip i Transport equip
" Il\élgxmo m Poland
Mining & Mining & '09
Quarrying " %gnada Quarrying
Basic metals & mUS '09 Basic metals & " G|erman
y '09
goods goods
Machinery, nec Machinery, nec
Elect & Opt'l equip Elect & Opt'l equip
Chemicals & Chemicals &
related related
-20%-10% 0% 10% 209 -20%-10% 0% 10% 209

Figure 37: RSCA for US, Canada & Mexico, and German & Poland, 2009.

Source: WIOD with authors’ calculations.

BOXES

Box 4: Calculation of I12E trade flows

Because I12E trade is computed from the same caftecthat determine an individual country’s 12P
trade, it is best explained by underlining how thegasures relate. If total output and exports teere
have the exact same composition, or in other wafdd, the products that Mexico sells domestically
were also to be sold as exports, then I2P andrigtetwould perfectly proportional. However, as
Mexico’s domestic sales include non-tradeable ses/like government services and construction,
domestic output and output destined for exportedift is this difference that drives the distinct

between 12P and i2E. More concretely, becausentipeiit content of exports tends to be higher for
manufactured products and manufactured producigpgce larger share of the export vector (see Tables
1 and 3), then 12E values will tend to be largantthose of 12P.

Hence I2E trade is a ‘computed’ measure that requitaking the assumption that the technologies used
for I12P are the same than those used in producipgres. It is easy to think of counterexamples.(e.g
electronics sold to the domestic market are maykieds sophisticated than its exported electronins)
given the lack of country and sector specific dtta, proportionality’ assumption, adopted by all
scholars in this field (e.g. it is used in the ci#dtion of I12E trade), is the best we can do. Whateans

is that these measures are to be interpreted wiitie slegree of caution.

Box 5: Calculating reimports and reexports from IOtables and trade data

Consider Canada’s sales and sourcing chart in &glr The left hand bars show Canada’s sourcing of
intermediates from other nations for goods thategatbedded in its exports. This however these are th
input shares for Canada’s exports to the wholedvakhile this gives us some idea of how much of US
inputs go into goods that Canada exports to theusiig the total export vector misses the fact that
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Canada’s exports to the US are quite different itemexports to the world. This is where reexpaytin
figures help illuminate supply chains. We combibddteral trade data (US-Canada) with the two
national input-output matrix to get an indicatidrhow much of what Canada’s exports to the US is
made up of intermediates that Canada bought frentu®.

It was earlier highlighted that differences betw&d and I2E trade arise from differences in the
domestic output vector and the export vector. nghme way, the difference between reimporting and
I2E on the sourcing side is all down to differermbetween the composition of a nation’s global irtgpo
versus its bilateral imports from the concernedngar An example may help illustrate why this is
important. The US’ total export vector is likelyte quite full, including such things as natural
resources. Its bilateral exports to Mexico, howefasus more on manufacturing products. The
measures of re-exports and re-imports will captliiferences in the composition of bilateral tradehe
calculation of the indicator and hence if the U$/@xports manufacturing products to Mexico ancsthe
have a higher degree of Mexican value added in themits re-export vector is likely to be largathw
Mexico than with the world. See Lopez-GonzaleZl@Xor technical issues and assumption necessary
to complete the calculations using 10 tables atatdrial trade data.

Box 6: Reimporting and reexporting: An illustrative example

/ Canadian car industry

Parts Assembly

US “reimports”
(US exports intermediates for

processing in Canada and then imports
them back to US)

Assembly
Cars

US “reexports”

(US imports intermediates for
F" processing from Canada and then

US car industry

exports them back to Canada)

Figure 38: Schematic illustration of reimporting and reexporting supply-chain trade

In Figure 39, the US exports partially processedldgao Canada and then imports them back from
Canada after some processing (either final aute®mponents). Another way to think of this is ttet
US is the offshore-er in this case, performing sémermediate stage in Canada rather than doiimg it
the US.

When it comes to US reexports, the US imports @ifytprocessed goods from Canada, performs some
processing before exporting the result back to Ganklere the US can be thought of as the offshere-e
and Canada as the offshore-er since some interteeddage of production is undertaken in the US.
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6. SUMMARY AND TESTABLE HYPOTHESES (INCOMPLETE)

This paper presents a portrait of the global patbéisupply-chain trade and how it has
changed between 1995 and 2009. We start with lsasicepts, distinguishing between

* Importing-to-produce (I2P); and
* Importing-to-export (I2E).

I2P includes intermediate imports used in nontisettors like construction and government
services. For both I12P and I2E an important disitimcis between:

* The ‘sales side’ (i.e. selling into overseas sumplgin); and
* The 'sourcing side’ (i.e. buying from overseas dymghains).

Importing-to-export is a recursive concept, whielm de full worked out to trace down the
ultimate source of all value added in a given ekflow. Doing this yields trade measured in
a new way:

* Factor content of trade, or ‘value added’ trade.

6.1. Conditioning facts

» About half of the world’s output of goods and seed are sold as intermediate inputs.
* World production is not yet very internationalised, most nations are largely self-
sufficient in terms of intermediate inputs.
o The imported intermediates share of total manufargwutput is only 16%;
for all output, it is just 8%.
* The world is more globalised when it comes to maatufred final goods than it is for
manufactured intermediates;
0 44% of manufactured final goods are exported wihiefigure is only 27%
for intermediates.
» Testable hypothesis: The degree of industrial-irgelftreliance seems to increase
with economic size and distance from the 3 majppBunetworks — Factory Asia,
Factory North America, and Factory Europe.

6.1.1. Sectoral and geographic distribution

* In 2009, the broad composition of I12P trade coag$52% in manufactures, 28% in
services and the balance in natural resourcessiides for services and natural
resources both increased between 1995 and 2009.

o The big manufactures sub-sectors are electricabatidal equipment (13%),
basic metals (10%), chemicals (9%), and transppripenent (9%).

» European nations are heavily dependent on Gerntarmadiates;

o Every European nation except Spain, Italy and Rusdy on Germany for at
least 2% of their national intermediate purchases.

* The US and China play similarly pivotal roles buthaless regional focus; the US is
an important supplier in all regions, while Chisamore focused on Asia.

» Japan’s supply-trade pattern is far more regioedlttan the US, German and
Chinese patterns.

* With Europe, Germany is the hub in a hub-and-sgaittern; within North America,
the US is the hub; the hub and spoke pattern ssdiesir in East Asia given the
important roles of China and Japan.
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Between 1995 and 2009

Supply-chain trade has shifted heavily towards ¢igcAsia and away from Factory
North America and Factory Europe.

China’s role increased enormously on the sales side

Germany, Japan and the US all lost global shareseogsales side except with respect
to their sales to China.

Inside Europe, the dominance of Germany faded ketw#895 and 2009 both on the
sales and sourcing sides.

Testable hypotheses: I12P versus I12E

The world pattern of I2E trade is more regionaliaead more hub-and-spoke than
aggregate trade.

The global I2E pattern is significantly less regibsed that I2P trade, but the
dominance of the US, Germany and China is great&H than I2P; this may reflect
the greater involvement of MNCs in export-orienpedduction.

Trans-Pacific links are stronger in 12E than 12&& due to North American
purchases from the three large Asian manufact@defsan, China and Korea).

I2P trade is significantly more regionalised thag trade.

I2P trade in industrial goods is more regionaliaed more hub-and-spoke, and the
dominance of the Giant-4 manufacturers is eventgrébdan aggregate 12P trade.
The asymmetry between of US, Chinese and Russian2Be sales side (their rows)
and sourcing side (their columns) is much greatetZE trade than I2P trade.
Within Europe the I2E pattern is less centred om@ay (less hub-and-spoke) than
is the 12P pattern.

The asymmetry between of the sales and sourcinigrpatfor the US and China are
much more marked in I2E trade than I2P trade.

Testable hypotheses: National differences

The distinction between high-tech ‘headquarter enuas’ and low-wage ‘factory
economies’ can be seen in the differences betweatie@n’s 12E pattern on the sales
and source sides.

0 A typical factory economy has few important partnen both sales and
source sides;

0 A typical headquarter economy tends to have a slified geographic pattern
of sales but a concentrated pattern of sourcingaily from nearby low-
wage nations).

Reexporting/reimporting provides a reasonable mreasiusimple offshoring in
Factory North America and Factory Europe, but g Factory Asia as the supply-
chain trade patterns involve a more complex int@nal production network.

Testable hypotheses: Industrial goods, service s and raw material

The pattern of 12P trade in services is very dédfdgrthan the pattern for industrial goods.

The world pattern of trade of service inputs isléss regionalised than it is for goods.
China and Japan are not important players in eftieesales or sourcing sides.

The US is a much more dominant player in 12P sessicade than in goods.
Trans-Atlantic trade in 12P trade in services igennportant that I2P trade in
industrial goods.

Intermediate services trade is especially low iastectory Asia.
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* Intermediate services trade inside Factory Eurefa least as important as
intermediate goods trade, but the role of Germarmgreatly reduced.

* A few small European nations are important pro\sd#rintermediate services both
inside Europe and to the US.

6.5. Testable hypotheses: China

* The dominate change in China’s Revealed Intermedtabduction Advantage
(RIPA) between 1995 and 2009 has been the elinoimati its massive under
production of intermediate services.

* Evidence for Chin’a moving up the value chain is@oi:

o China clearly moved into more sophisticated sedatoterms of gross
production, but the change in value added termsuish more mixed.

* China has substituted domestic inputs for impoirtedts most rapidly in ‘light’
manufacturing sectors;

0 The substitution is most marked in leather andedl@roducts, textiles and
related products, and paper and related products.

o Little or no substitution has occurred in electriad optical equipment,
transportation equipment, and chemicals.

6.6. The most obvious hypotheses to be tested:

Supply-chain trade (both 12P and I2E) are moreargjised than aggregate trade.
Supply-chain trade in services is less regionatisahat it is in industrial goods.
Supply-chain trade is marked by a more pronouncédamd-spoke pattern than is
aggregate trade.

wnN P
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Figure 10: Global supply chain trade matrix, bilateaal flows as share of total, 2009 with
0.5% cut-off
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Figure 11: Global total trade matrix, bilateral flows as share of total, 2009 with 0.5%
cut-off
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NATURAL RESOURCE ABUNDANT ECONOMIES

Behind the largely manufacturing story herein pnéseé lie important flows of products
coming from resource abundant countries. Thesenaah less regional in nature (see Figure
App 33) so cannot be grouped accordingly. Hereake # obvious examples (Brazil, Chile,
Australia and Russia) to highlight their commonrelateristics which are different to those
of factory economies and can be easily mistakeif@rcountries:

* They have rather large re-exports when comparee-tmports

* They all have important links with respect to thgidnts HQ economies

* They tend to have very low links with each othdth@ugh Chile-Brazil is an
exception to this)

It is hard to generalise the characteristics ofirstresource countries as most of these lie
outside the sample that is at our disposal.
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As we shall see, nations with advanced technologyhagh-wages (the headquarter
economies) tended to offshoring certain stagesafyzction to nearby low-wage nations (the
factory economies). This has created regional sugpdins sometimes called Factory Asia,
Factory North America and Factory Euroffe.

20 See Baldwin (2006b) introduced the term ‘FactosjgAand the distinction between headquarter ecigmm

and factory economies.




