[ ] [ ]
Journal of Economic ]ntegratiorJ e l

VoL28 No.2, June 2013, 241~268
http.//dx.doi.org/10.11130/jei.2013.28.2.241

Exchange Rate Devaluation and
Reshuffling of Global Jobs

Luca Macedoni
University of California, Davis, U. S. A.

Fabio Sdogati
Politecnico di Milano, Milano, Italy

Abstract

Current debates presume that devaluation of one country’s currency may transfer the
production of imported intermediate goods to the devaluating country. This paper argues
that in a global production network involving more than two countries in the production of
fragments, this presumption may not hold. With a simple Ricardian model of fragmentation,
this paper shows that the production of fragments can be transferred only if countries have
close comparative advantage. Using data from the World Input Output Database, our model is
found to be empirically supported.
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I. Introduction

In their 1982 article Jones and Sanyal described the relevance of international fragmentation
of production in the world economy, but it was difficult to foresee the growing impact of such
phenomenon, currently presented by the WTO as a revolution in the international division of
labor, a revolution comparable to the shift from agriculture to manufacturing of centuries ago
(WTO, 2011).

International fragmentation of production is the splitting of a production process in different
tasks or fragments, which are then transferred abroad (Jones and Kierzkowski, 1990). Global
production networks then arise, with several countries participating in the production of the
same finished goods, thus made in the world (WTO, 2011; Baldwin, 2009). Fragmentation
caused the secular shift of workers of high per capita income countries from manufacturing
to services (Saeger, 1997), rising concerns on employment and wages of high and low skilled
workers (Rowthorn and Ramaswamy, 1997; Feenstra and Hanson, 2001). The 2007 crisis gave
new strength to those concerns, with various authors and observers invoking the re-shoring of
the fragments previously transferred abroad (Leunig, 2011).

Given this huge transformation of the supply side of the economy, some phenomena of
international economics, so far taken for granted, may change. Levying tariffs does not protect
domestic firms anymore: on the contrary, it increases the cost of imported intermediate goods
damaging home firms’ competitiveness (Deardorff, 1979). In addition, fragmentation is likely
to cause a distortion in trade statistics that can misguide the interpretation of global imbalances
(Lamy, 2011). Fragmentation of production may also be held responsible for increased trade
volatility (Escaith and Gonguet, 2009) and the coordination of business cycles across countries
(Ng, 2010).

This paper investigates the relations between international fragmentation of production and
exchange rates, a topic that received little attention so far, with the notable exception of Wu
(2010).

We argue that when a finished good is made in the world, discussing the effect of a
currency devaluation on the exports of that good takes on a different relevance than when
goods are entirely produced in a single country. The crucial point is what happens to fragments
allocation when exchange rate variations occur. Since global production networks are, by
definition, global in nature, the problem of allocation of tasks is not a bilateral issue, as the
standard literature tends to describe it.

How is task allocation modified? This paper maintains that in a global production network

of more than two countries producing a continuum of standardized fragments, a devaluation of

1 . . ~ .. . . . . .
While Wu (2010) considers the effects of exchange rate variations on prices and employment, in this paper we are interested in the
allocation of the tasks among countries, thus neglecting the monetary issues altogether.
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the currency of the country that is importing fragments relative to the currency of the country
that is exporting them will transfer the production of fragments from the latter to the former
only if the two countries produce sets of fragments close in the continuum, namely, if the im-
porting country has a closer comparative advantage to that supplier than any other suppliers.
Otherwise, the devaluating country may not receive fragments, that are rather transferred in an-
other country, whose specialization is thus changed even if its exchange rate was not modified.

II. Literature Review

The idea that exchange rate variations modify the allocation of production processes is not
new. In fact, substitution between domestic labor and imported inputs is the crucial assump-
tion in open macroeconomic models with intermediate goods. Summarized by Bird and Rajan
(2004), those models maintain that a devaluation of the national currency increases the price of
the imported intermediate good denominated in a foreign currency. If the imported intermedi-
ate good is a raw material that cannot be domestically produced, then the devaluation may be
contractionary, due to the domestic price increase (Findlay and Rodriguez, 1979; Gylfason and
Schmid, 1983). Otherwise, if the intermediate good can be produced by domestic labor, then
under a certain value of the exchange rate, the production of that intermediate good could be
transferred to the home country (Das, 1980; Buffie, 1982; Hanson, 1983). Devaluations would
then modify the allocation of production processes.

Various models have been produced to deal with the international splitting of production
processes. The oldest approach is developed by Vanek (1963) and following authors (McKin-
non, 1966; Guisinger, 1969; Melvin, 1969; Warne, 1973; Chang and Mayer, 1973) that study
intermediate goods in the theory of effective protection. In a 2x2x2 Hecksher-Ohlin model, in
which each final good requires some quantity of the other one, they show that trade in inter-
mediates extends the production possibility frontier of the economies. Deardorff (2001) and
Kohler (2001) build three goods model of fragmentation of production: there are two final
goods, one of which could be globally fragmented, requiring one middle product. Following
Dornbusch, Fisher and Samuelson (1979), several authors (Dixit and Grossman, 1982;Sanyal,
1983; Sarkar, 1984; Marjit, 1985; Feenstra and Hanson, 2001) modeled fragmentation as the
completion of a continuum of activities or semi-finished goods. Semi-finished goods are al-
located among countries according to their comparative advantages or relative factor endow-
ments. Recently, Grossman and Rossi-Hansberg (2008) discussed the so-called trade in tasks,
that occurs to exploit low wages of emerging economies, but it is constrained by offshoring
costs. Jones and Sanyal (1982) and Ethier (2005) treated intermediate goods as a factor of
production that could be globally purchased. External economies of scale were included in the
study of fragmentation of production by Ethier (1979; 1982), and were recently discussed by
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Grossman and Rossi-Hansberg (2011).

Despite the various ways of fragmentation that account for exchange rate variations those
models do not yield different results from those obtained by the macro-models we firstly con-
sidered. In fact, a devaluation of the currency of the country that is importing an intermediate
good would the rise of foreign currency price of that good, making its production more conve-
nient in the home country.

The reason for these similar results is that reallocation of production depends ultimately
on a technological variable: the degree of substitution between imported inputs and domestic
labor. Components are substitutable, while raw materials are not. However, if production is
internationally fragmented, trade is mostly global and not bilateral (Costinot ez. al, 2011).

If the production network consists of more than two countries, a devaluation of the currency
of the country that is importing fragments will not necessarily transfer those production pro-
cesses back home. In fact, in global production networks, countries are no longer independent
agents (Nordas, 2006): the more-than-two-country assumption forces us to consider relations
that were previously neglected. These relations are formally described through our model that
develops of a global production network of three countries.

II1. The Model

Suppose there are three countries 4, B and C, each one endowed with labor L,» where j
identifies the country. Each country can produce a tradeable manufactured good, denoted by X,
and non-tradeable services, identified by Y. The production function of X has the Leontief form:
X = min(x), where x, is the amount produced of the i-#h task, alternatively denoted as fragment.
Fragments are standardized elementary activities or intermediate goods2 of a production
process, as in Grossman and Rossi-Hansberg (2008); external economies of scale (Ethier,
1982; Grossman and Rossi-Hansberg, 2011) are thus ignored. The number of fragments can be
approximated by a continuum, indexed by i, ranging over the interval [0,1]. The final assembly
is represented assuming that the last task, i=1, requires one unit of all the previous ones.

The i-th fragment is produced with a/X(i) unit of labor. Let us assume that fragments can be
conveniently ordered by increasing labor content, formally:

daf(z) /di>0 (1)

: Many authors stressed the characteristics of tasks that make them easy to offshore. Autor et al. (2003) distinguish among routine
and non-routine tasks with the former easy to offshore or being substituted by a computer; Antras et al. (2006) presents a model
routine an non-routine tasks along a continuum, where heterogeneous agents specialize according to their skills; Leamer and Storper
(2001) divides tasks according to what type of information they required, tacit or codifiable. The model presented here assumes that
fragmentation does not involves offshoring costs, as if the fragments were routine tasks.
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For simplicity the function (x/_X(i) has the following linear form:
och(i) =a,i+bj )

If'a country produces a certain range of fragments, from i, to i_, the number of unit of labor
required for all the fragments equals:

X T X e g .
a_l-r(lin’ lﬁn) = J./m a; (l)dl, lin < lﬁn (3)

Unit labor requirements are then an(O,l) for the manufacturing good and ajy for services.

Technology differs across countries: not only the amount of labor for producing one unit of
X differs, but also the slope of the curves does. Country 4 will employ the least amount of labor
for producing one unit of X, thus having an absolute advantage, and country C the largest. Unit

labor requirements for the entire production of X are ordered as follows:
a; (0,1)< a, (0,)< a.(0,1) )
Technology differs also for each fragment, namely in the slope of the curves:
do (i) /di < doy(i)/di < do (i) /di (5)
Since tasks are ordered along the continuum by increasing an(i), the amount of labor
required for producing each task increases more in low-productivity countries than in the
high-productivity ones. This means that country C will have a comparative advantage in the
production of the earlier stages of X, B in the medium stages, and 4 in the final ones. Formally,

dau (i)/dot (i+di) < doty(i)/dot(i+di) < do (i)/der (i+di) (6)

The three technology curves are represented in Figure 1.
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Figure 1. Unit labor requirements in i-stages ajx(i) for each country

o, (1)

In autarky, equilibrium is assured by the standard full employment condition:

L=a'Y+ an(O,l)X (7)

J J

Then, in each country wages wj,equal:
Y, Y X, X
W, =P, /af P /aj (Y ®)

In order to have each country producing fragments of production, wages, assumed fixed,
should be ordered in the following way:

W, W, w, 9

As absolute productivities are ordered in the same way, this assumption seems both reason-
able and in line with the common hypothesis according to which countries receiving offshored
fragments have lower wages (Grossman and Rossi-Hansberg, 2008; Kohler, 2001).

As only the manufacturing good can be traded internationally, free trade has the shape of a
global production network that allocates fragments in each country to minimize the cost of pro-
duction of X. Using Baldwin and Venables’ (2010) definitions, the global production network
is thus shaped as a spider, with country 4 importing fragments from the other two countries.
Defining ij(z) as the function of the home currency price of each fragment i, competitive
price condition implies that the price of each fragment equals the product of unit wage and the
amount of labor required.

Formally,

P, () =wa() (10)
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Let us now include the exchange rate e 4 defined as the price of one unit of the j-th
country’s currency expressed in units of country A’s currency. Since the final stage of
production is located in 4, the price of all intermediate goods are expressed in A’s currency.
Therefore ij(z) equals:

ij( i)=e W, an(l) (11)

Let us assume that e, . and e, are fixed, while e, . is determined by the first two. For the
sake of simplicity, let us assume that there are capital controls preventing financial operators
to affect the exchange rate decided by monetary authorities, as in exchange rate regimes of the
United States with South-East Asian countries (McKinnon and Schnabl, 2004). In addition to
capital controls, let us suppose that the invoice currency of international trade is always the cur-
rency of country A.

Figure 2. Price functions of the i-stages for each country

p () p(1) p,(1)

The price functions of the fragments for each country are described in Figure 2. To
minimize total cost, each fragment is produced in the country with the least unit cost, namely
with the lowest price function. As wages are fixed, they are not modified when production is
fragmented. Country C is the most convenient location for fragments in the range [0, 7 ], B will

specialize in the range [/ ., i,] and 4 in [iB , 1]. We thus found the international allocation of

c’ lB
tasks, namely the ranges of fragments that will be produced in each country, which minimizes
the total cost of production.

The price of final good X is the integral of the three segments that identify the lowest cost of

each intermediate good. The price of all the intermediates produced in one country is:

X . _ fin LA T X/» P
p (i, i,)=e, Lm wa (Ddi=e woar(i,, i, )i, *1 (12)
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where i, and i i identify the specialization interval of each country. Since only the final

task requires all the intermediate activities, p*(0,1) equals

p"0,1) = e W, aCX(O i ) +eABwBaBX(l i)+ wAalf(iB, 1) (13)

Given that our interest is in the allocation of production, we assume here that the quantity
of X produced is determined by preferences in A. Namely, country A4 decides how much X it
desires to consume given its price, and then imports the required fragments. Preferences in 4
could have the form used by Dornbusch, Fisher and Samuelson (1977), with households con-
suming a fixed share of their real wage on the non-tradable good and on the tradable one’. We
may assume that country B and C produce intermediate goods in exchange for finished goods,
regardless of their consumption preferences, as in Marjit (1985). The number of units produced

in each country for its set of fragments equals:

X

X ,i)=

1’2

— 14
a(i,i) (14)

Since preferences in 4 determine the quantity of X to be produced, equation (14) provides
the number of workers employed in the manufacturing industry for each country. Given the
Leontief production function, for all the intermediate inputs to be employed in the production
of the final good, we need that

YZu @) aloni) a0.0) (15)

In Figure 3 the functions describing the number of unit of inputs that can be produced are

drawn for given values of L Hence, given X, each country allocates its labor force in the pro-

duction of X in order to ach1eve the quantity determined. Since the labor force in each country

is employed in two industries, workers are indifferent between working in industry Y or X:
labor is therefore allocated to one sector or another in order to achieve condition (15).

* This assumption amounts to keeping the number of units of X to be produced fixed.
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Figure 3. Labor force allocation in the X industry
L;/a; (i)

Lefac(Oie) | Lyfay(iciis) || Lafaa(ip.1) |

A. Effects of a currency devaluation

If A’s currency is permanently devalued relative to the currency of country C, the foreign
currency price of the fragments produced in C will rise. Firms would then find convenient to
transfer some fragments from C to B, which is the closer country in the continuum. As the
range of tasks completed in B is greater, workers in B will leave services to produce the new
fragments, while workers in C will leave manufacturing for services. The specialization of 4 is
then unchanged (Figure 4).

Figure 4. Effect of a rise in ¢ . on the international allocation of activities

20 r) P
p,()
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Therefore, devaluating A’s currency vis-a-vis the currency of the country whose range
of fragments produced is not adjacent to the one of country A, reallocates fragments without
having an effect on 4, except for the price of X, which is destined to increase as a result of the
more expensive imported fragments. If the share of national income of 4 spent on X must be
constant, the rise in the price of the imported fragments may increase the quantity of X to be
produced. It is apparent that an increase of wages in country C will have the same effects: no
tasks would be transferred to country 4, while the specialization of country B would change
even if neither its exchange rate nor its wages were modified.

Let us now relax the assumption that a devaluation of 4’s currency relative to the currency
of C does not affect e, because of capital controls. In fact, most of the countries in the world
are under flexible exchange rate systems, and a bilateral devaluation decided by the authorities
is likely to bring about an instantancous devaluation relative to all the currencies under the flex-
ible regimes4. As aresult, the price of the fragments produced in C and B will increase (Figure 5).
The new specialization points i, and i are shifted to the left of the i-axis, but we cannot infer
how much the currency of B will be revaluated relative to the currency of 4. That shift depends
on the extent to which e, changes after the increase in e, . Hence nothing can be said on the fi-
nal specialization of B and C, namely how much fragments will be transferred from C to B and
from B to A. Still, the change in the specialization of 4 is independent from changes in the tasks
produced in C.

‘Ina tri-polar currency system, a bilateral exchange rate variation sets in motion different mechanisms that alter the other bilateral
exchange rates too (Melecky, 2008). One of such mechanisms is the non-arbitrage condition, hereafter described taking the dollar, the
euro and the yen as an example. Suppose that the exchange rate are such that 1$ = 1€ = 1¥, which means that ey, = e;, = e, =1. Suppose
now that the Federal Reserve decides to devaluate its currency relative to the euro, namely it is willing to exchange 1$ for 0.5€ (e,
increases to 2). Given the capital mobility between these three currencies an investor could gain from arbitrage if e, and e, are kept
constant. In fact, an investor that possesses 1€ would exchange it for 2 dollars, which would be subsequently traded for 1 ¥. As the ex-
change rate of the euro vis-a-vis the yen is not modified, the investor would gain 1€ by arbitrage. On the other hand, investors possessing
1 ¥ would exchange it for 1 € and the euro for the dollars, finally obtaining 2 yen. As long as the exchange rate between the dollar and
the euro is fixed, these two flows would raise two pressures on the exchange rates: the euro is forced to a revaluation relative to the yen,
while demand for the yen would revaluate the Japanese currency relative to the US dollar. The final equilibrium is not certain, being a
combination of the two forces in the international financial markets. In fact, the final value of ey, lies between 0.5 and 1, while the equi-
librium value of e,y lies between 1 and 2.
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Figure 5. The effects of an increase in e, and ¢, . on the allocation of tasks
: global production network

p,(0) JXOX)
p,@)

L ¥
Ic €=1c Ip € I3

B. Extensions of the model

The model can be extended to an N-country framework, without changing its main results.
Suppose that there are N countries indexed by j=1,..., N. Assume that countries can be ordered
according to their comparative advantages, so that the N-th country has a comparative advan-
tage in the production of the latter tasks of the continuum, while country / exhibit a compara-
tive advantage in the production of the first tasks of the continuum. This assumption amounts
to the following two conditions, which would allow us to draw the production functions of each
country as in Figure 1:

b1>b2>...>bj>...>b (16)

N

a>a,>..>o>..>a, a7

Under this country ordering, the i-#/ task that identifies the range of specialization for each
couple of adjacent countries along the continuum, is the task produced at the same cost in both
countries. If we take any j-#4 country, .y is obtained by:

py(i,) =eywai (i ) (18)

JJ-1

Defining o=e, W, the domestic nominal wage expressed in the currency of the N-th

country (country 4 of the previous version of the model), we obtain that Lo
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j
. ———b
i@, i
. _ j-1
ljv,/’-li @; (19)
o % %

The task that identifies the range of specialization of two adjacent countries is a decreasing
function of the relative wage of the two countries. For the sake of simplicity, as in Costinot et
al. (2011), we may assume that that:

0<i, <i,<..<i <. <iy <I (20)

Using condition (20) we can represent the i ,asa function of the relative wage of two
adjacent countries, for each couple of country (Figure 6). Knowing the relative wages of the
countries (which are assumed to be fixed), we can identify the specialization of each country of
the global production network.

Figure 6. The tasks dividing the specialization of the countries
: as a function of the relative wage of two adjacent countries

Lij-1

Wy
W;
s
0}
a»
@ Q
w )1

Again, a currency devaluation of the N-th country relative to the currency of the j-th country
will increase @, thus reducing the range of activities performed in the j-th country. At the same
time, country j-/ and j+/ will see the ranges of fragments produced increase .

* It is also possible to relax the assumption of fixed wages. If we let condition (15) determine the specialization of each country, in
order to reach full employment, then wages would adjust accordingly.
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IV. Empirical Analysis

Given the theoretical model and its results, in this paragraph we will test the following
proposition:

In a global production network involving more than two countries that have different com-
parative advantages and produce a continuum of standardized fragments, a devaluation of the
currency of the country that is importing fragments vis-a-vis the currency of one country that
is exporting them, will transfer the production of fragments from the latter to the former only if
the two countries produce ranges of fragments close in the continuum, namely if the importing

country has a closer comparative advantage to the supplier than to any other suppliers.

Empirical literature provides little help to test this proposition, as it has been concerned with
other topics. Several contributions test whether wages, economic and geographical distance,
and FDIs could explain the international fragmentation of production (Baldone et al., 2001;
Fukao et al., 2003; Jones et al., 2005; Gabrish and Segnana, 2008; Turkan and Ates, 2011); an-
other field of empirical work verifies the effects of fragmentation on employment and relative
wages of skilled and unskilled workers (Feenstra and Hanson, 1999; 2001; Hijzen et al., 2005;
Helg and Tajoli, 2004; Zeddies, 2011), and its effects on economic growth (Baldone ef al.,
2007; Durking and Krygier, 2000), as well as on trade volatility (Escaith and Gonguet, 2009).

Given that data on intermediate goods trade flows is not directly available, tracking trade
in intermediate goods takes different approaches. One of them consists in using Input-Output
tables that keep record of the imported intermediate inputs used in production (Hummels ef al.,
2001; Feenstra et al., 2009; Foster et al.,2011; Johnson and Noguera, 2011). Other methods use
indicators to identify whether trade within an industry is vertical or horizontal in nature (Fu-
kao et al., 2003; Ando, 2006; Turkan and Ates, 2011), or employ data on processing imports
(Feenstra et al., 1999; Baldone et al., 2001). Finally, it is possible to identify for two digits final
industry, i.e., the codes of the internationally traded fragments used in that industry (Ng and
Yeats, 1999; Athukorala, 2005; and Gamberoni et al., 2010).

Here we use data provided by the World Input Output Database, a project funded by the
European Commission, which recently produced a set of harmonized supply and use tables of
40 countries. In addition to the value of the imported intermediate goods used in a certain in-
dustry, this database provides the country of origin of those intermediate goods, thus fitting the
purpose of the following empirical analysis.

A. Studying data

Given a production network of three countries, in which country 4 imports fragments em-
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ployed in the production of a certain industry from the other two, the proxy for the allocation of
fragments in one country is the ratio between the value of the fragments exported by that country
to country 4 and the value of the intermediate goods employed by the industry considered. To
build this proxy, let us recall the price equation (13). The equation can be rewritten in the fol-
lowing way, where the subscript S identifies the final sector of the global production network.

pSXS: eACpCSXCS + eABpBSXBS +pASX (21)

AS

Let 3 be the dependent variable of the empirical model, defined as the share of fragments
produced by the j-th country in the final production of the S-t4 sector.

5= (e, s X;J /pX; 22)

The proxy for the share of fragments produced in each country is the widely used index of
offshoring. This index is computed as the ratio of the imported intermediate goods produced in a
certain foreign industry, over the total value of the intermediate goods used in the same industry
of the importing country (Feenstra and Hanson, 1996). We will use the index of offshoring de-
ployed for supplying countries: the proxies for the share of fragments produced in each country .J,
belonging to the global production network that produces the product S are the following ratios:

3 =INT /ZS(INTM) (23)

JS AJS

where:

- INT | . is the cell of the International Input Output(ITO) matrix measuring the value of
the intermediate goods imported by country 4 and used in the S industry, from the same
industry of country J.

-2 (INT, ) is the sum of value of all the intermediate goods used in the S-#4 industry of
country A

For the country 4 of the model we used the following expression: 3, = 1-2 (3,).

The sample used covers 12 industries of the NACE Rev 1.1 classification for 13 high-
productivity countries from 1995 to 2009. We can summarize the characteristics of the two
samples in Table 1.

Table 2 presents some preliminary statistics, showing the average share of intermediate
goods produced in country A of the model by industry, over the total value of intermediate
goods used in the same industry. While some countries domestically produce more than 90%
of the intermediate goods they use (as Italy), others rely more on imported intermediate goods (as
Great Britain or Belgium).

Global production networks involve a large share of intra-industry trade among high-pro-
ductivity countries. However, if we isolate the medium and low-productivity ones, it appears

that many industries highly rely on Asian producers, as China, Taiwan and Korea, as well as in

254



[ ] °
Exchange Rate Devaluation and Reshuffling of Global Jobs ] e l

Easter European countries (Czech Republic, Slovakia, Hungary). Country classifications 4, B,
C in Table 1 is based on the OECD statistics on labor productivity in 2011. The largest export-
ers of fragments to the countries 4 considered can be ranked according to their labor productiv-
ity. It is possible to identify a group of medium-productivity country (Taiwan, Slovakia, Japan,
Czech Republic, Korea, Poland and Turkey) and to isolate a low-productivity one (China).

Table 1. Description of the sample

Austria, Belgium, Canada, Germany, Denmark, Spain, Finland, France, Italy,

Country 4 Netherlands, Sweden, Great Britain, United States

Country B | Czech Republic, Hungary, Japan, Korea, Poland, Slovakia, Turkey, Taiwan

Country C| China

17 to 18 - Manufacture of textiles; Manufacture of wearing apparel; dressing and dyeing of fur
19 - Manufacture of leather and leather products

20 - Manufacture of wood and wood products

21 to 22 - Manufacture of pulp, paper and paper products; publishing and printing

23 - Manufacture of coke, refined petroleum products and nuclear fuel

24 - Manufacture of chemicals and chemical products

25 - Manufacture of rubber and plastic products

26 - Manufacture of other non-metallic mineral products

27 to 28 - Manufacture of basic metals and fabricated metal products

29 - Manufacture of machinery and equipment n.e.c.

Industries

30 to 33 - Manufacture of electrical and optical equipment
34 to 35 - Manufacture of transport equipment

Years From 1995 to 2009

(Note) Country classification is based on the OECD statistics on labor productivity in 2011.
at http://stats.oecd.org/Index.aspx? Dataset Code=LEVEL
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Table 2. Average share for intermediate goods values produced by
high-productivity countries, over the total value of intermediate goods

(1995~2009) (values as %)
Industry | 17 to 21 to 27 to 30to | 34to
Country A 18 | 1020 T | B 2| B 26T | 2 T35 |35
Austria 70 79 89 82 99 68 94 93 63 83 69 59
Belgium 69 88 78 70 90 54 92 90 53 78 65 53
Canada 77 96 98 92 99 84 96 94 85 96 81 73

Germany 75 84 76 77 90 85 97 80 95 95 92 75
Denmark 75 85 75 55 97 75 88 &3 56 83 69 96

Spain 86 89 92 88 97 80 92 99 85 95 80 75
Finland 71 86 98 97 96 77 96 96 75 87 73 83
France 84 88 92 85 97 76 94 99 78 92 79 82
Italy 91 94 89 91 99 76 97 98 82 96 87 90
Netherlands 77 88 76 77 95 65 92 93 64 &3 88 72
Sweden 82 89 82 77 98 73 94 98 53 80 70 66
Great Britain 67 84 74 99 98 67 91 95 67 87 53 68

USA 97 86 95 97 99 92 99 97 91 96 87 91

Tables 3 and 5 show, for two selected industries, the average share of intermediate goods
produced by the same industry in medium- and low-productivity countries and used in the
production of Country A’s industries. On average, European countries imports fragments
from medium-productivity countries both from Asia and from Eastern Europe. Chinese textile
industry is the largest supplier of intermediate goods employed by the textile industries of high-
productivity countries. In the production of electrical and optical equipment, China and Japan
are the largest suppliers. The low value of the average share of intermediates produced by those
countries is mainly due to the first years of the period considered. In fact, in 2009 the Chinese
textile industry account for 16% of the Canadian demand for intermediate goods in this
industry and for 9% and 6% of the intermediate goods used in Netherlands and Great Britain.
In the production of electrical and optical equipment, in 2009, Germany imported 9% of its
intermediate goods from China, 2% from Czech Republic and 1% from Japan.
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Table 3. Average share for intermediate goods value produced by selected low- and
medium-productivity countries (rows) used in the production of high-productivity
countries (columns), over the total value of intermediate goods

(1995~2009, in manufacturing of textile and wearing apparel, 17 to 18) (values as %)
Country N _ _ - :
) 4| Austria ]?el Canada Den Finland | France Ger Italy Nether- Spain Swe G@ United
%, gium mark many lands den | Britain | States

Country %d
ge \=| 70 69 77 75 75 86 77 | 84 91 77 | 82 67 | 97

China 38 138|168 |35 |14 |14 |38 |16 |36 ]| 15|16 ]| 33 ] 09

Czech
Republic

Hungary | 02 | 00 [ 00 | 00 | 0.1 [ 00 ) 02 | 01 [ 01 ] 00| 00 |01 ] 0.0
Japan 03101)03}01}02)02]03]|01]01|02]01]04]0O01
Korea 03 (02090203 ((03]03]01]03]05]01]07]02
Poland | 14 | 06 | 0.1 |209| 03 | 03 | 14 | 02 [ 10 | 0.1 [ 0.7 | 04 | 0.0
Slovakia | 0.2 | 00 | 00 | 0.0 [ 0.0 | 0.0 | 02 [ 00 | 0.0 | 0.0 [ 0.0 | O.1 | 0.0
Turkey | 25 | 14 [ 04 (346 06 [ 06 [ 25 |07 | 19 [05 |05 | 1.8 | 0.1
Taiwan | 02 | 02 [ 06 (02 (01 (02 0201|0201 |02] 04|01

09102]01}02|03]01]09]|03]02]01|02]02]00

Table 5. Average share for intermediate goods value produced by selected low- and
medium-productivity countries (rows) used in the production of high-productivity
countries (columns), over the total value of intermediate goods

(1995~2009, in manufacturing of electrical and optical equipment, 30 to 33) (values as %)
Country _ . _ _ _ .

3 4 | Austria Bel Canada Den Finland | France Ger Ttaly Nether Spain Swe G.rea.t United

%, gium mark many lands den | Britain | States

NG| 69 | 65 | 81| 92 | 69 | S0 | 73| 79 | 87 | 88 | 70 | 53 | &7
China | 02 | 21 [ 23 [ 10|40 |18 |28 |07 | 12| 15| 13|38 |24

Czech
Republic

Hungary | 02 | 04 | 00 | 02 | 0.7 | 04 | 09 | 02 | 0.1 | 04 | 0.6 | 0.7 | 0.0
Japan 04|16 |11 |04 |23 |11 |16 |02]06 |06 |07]|22]|13
Korea 010307021005 |09)|02]01|04)|04)| 13|10
Poland | 04 | 05 | 00 | 04 | 03 | 03 | 05|02 |02 ]03 ]| 1l |06 |00

Slovakia | 0.2 | 0.1 | 0.0 [ 0.1 [ 02 | 0.1 [ 03 [ 00 [ 00 | 02 | 02 | 03 | 0.0
Turkey | 0.1 | 02 | 00 | 02 | 0.1 | 0.1 | 02 | 0.1 [ 00 |02 |01 | 05700
Taiwan | 00 | 03 [ 06 | 03 | 07 [ 05|07 | 02|03 |03 ]03]09]11

06 | 02 100 |02 |03 02|10 (01]01]02]02]0.6]00
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Tables 4 and 6 show, for selected industry the percentage variation of the share of inter-
mediate goods produced by the same industry in medium and low-productivity countries and
used in the production of Country 4’s industries, over the period from 1995 to 2009. This pre-
liminary evidence shows how the global production networks of those industries evolved in the
last fifteen years. It appears to not reject the model’s hypothesis. Despite the large increase in
the share of fragments produced in the low-productivity country, China, the share of fragments
produced in the high-productivity country rarely decreased. The share of fragments usually de-
creased in the medium-productivity countries, as Japan.

Take the global production network consisting of intermediate goods imported by Italy in
the textile industry. The share of fragments produced in Italy increased from 1995 to 2009 by
2%, despite the rise of share of intermediate goods produced in China (+338%) and Slovakia
(+544%). On the other hand, some medium-productivity countries experienced a reduction in
the share of fragments produced, like Japan (-60%), Korea (-57%) and Taiwan (-10%).

If we consider the manufacturing of electrical and optical equipment, the evolution of the
global production networks seems to be well explained by the model here presented. In fact, the
rise of China and other Eastern European countries as suppliers of electrical components has
not always reduced the share of fragments produced in the high-productivity countries. In fact,
the emergence of low-productivity countries in this production networks have decreased the
share of fragments produced in medium-productivity countries; i.e, Taiwan, Korea and Japan.

Table 4. Percentage variation for the share of intermediate goods value
produced by selected low- and medium-productivity countries (rows) used in the production
of high-productivity countries (columns), over the total value of intermediate goods

(1995~2009, in manufacturing of textile and wearing apparel, 17 to 18) (values as %)
Country _ _ _ _ _ D
2 |Austria Bel Canada Den Finland | France Ger Italy Nether Spain Swe G?e"?t United
%, gium mark many lands den | Britain | States

%,
GNE| 0 | 1| 4| 2210 1| 2] 50| 4] 192

China | 510 | 1693 [ 610 | 179 | 374 | 434 | 1100 | 338 | 751 | 905 | 825 | 285 | 656

Czech
Republic

Hungary | -26 | 13 24 | <77 | -63 | 269 | 157 | 58 | 61 | 849 | -85 | 94 | 507
Japan 15 | 34 | -87 | 67 | -61 | -71 | 90 | -60 | -78 | -85 | -92 | -84 | -45
Korea 28 | 54 | 89 | 94 | 49 | 63 | 81 | -57 | 81 | -84 | -70 | <70 | -46
Poland | 773 | 1023 | -47 | 29 | 220 | 633 | 268 | 373 | 657 2133 | 242 | 22 | 111

Slovakia | 995 | 128 | 45 59 | 4 89 | 346 | 544 | -18 |32217| 13 | 249 | 204
Turkey | 101 | 132 | -53 0 | 415 | 47 | 289 9 0 | 226 | 229 | -33 14
Taiwan 51 68 [ -71 [ -8 | 15 | 81 | 58 | -10 | 64 | -39 [ 86 | 63 | -33

75 67 | -79 | 41 [ -19 | 8 | 22 | 84 | 29 | 4 | 80 | 59 | 36
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Table 6. Percentage variation for the share of intermediate goods values
produced by low- and medium-productivity countries (rows) used in the production
of high-productivity countries (columns), over the total value of intermediate goods

(1995~2009, in manufacturing of electrical and optical equipment, 30 to 33) (values as %)
Country _ . _ :

2) 4 | Austria Bel Canada Den Finland | France Ger- Italy Nether- Spain Swe G?e*?t United

%, gium mark many lands den | Britain | States

(‘b,
ONEN 9 | 9 e | 1 |2 3 |3 3|15 51| 6|3

China | 1578 | 734 | 886 | 459 | 1014 | 1323 | 1792 | 1550 | 287 | 1492 | 1169 | 702 | 1432

Czech
Republic

Hungary | 20 | 264 | 6207 | 3667 | 5359 | 2488 | 739 | 818 | 578 | 8762 | 2404 | 2445 | 2255
Japan 9 | -61 | -8 | 9 | -8 | -75 | 45 | -63 | -66 | -53 | -63 | -78 | -78
Korea -4 -6 | -58 | -67 | 56 0 43 | 28 | <18 | 93 | 277 | -l -63
Poland | 425 | 121 | 221 | 926 | 2271 | 810 | 369 | 494 | 40 | 137 | 3361 | 1996 | 285
Slovakia | 432 | 334 | 7063 [15419| 4689 |31069| 1250 | 1227 | 4034 {36760(31921|45203 | 334
Turkey | 1643 | 913 2428 | 27 | 352 | 982 | 39 | 194 | -37 | 2023 | 515 | 469 | 840
Taiwan | -51 | =52 | -63 | -77 | 48 | -67 | -30 7 -86 5 -12 | -61 | -56

341 | 691 | 1268 | 1265 | 1189 | 732 | 421 | 229 | 561 | 8211 | 3433 | 805 | 1254

B. Empirical estimates

Our econometric analysis wants to verify whether exchange rate variations have an effect
on the allocation of tasks in the global production network consistent with that predicted by
the theoretical model. To verify this preposition we used the following linear model, to test the
effects of exchange rate variations on the share of fragments produced in each country of the
global production network.

8., =B+ B,a+ B NEER, +B,NEER, +B.NEER_ +&, j=A B, C (24)

where NEER is the nominal effective exchange rate of country j at time ¢, a, is the labor
productivity of country j at time 7, and subscript S identifies the sector ,€,1s a well- behaved erTor.

We tested the model using two samples: the first one is the complete one, with 13 countries
and 12 industries. The second sample used restricts the range of industries, using Japan as
country B. Results of the model are shown in Tables 7, 8, 9, 10, 11 and 12.

° Yearly data. NEERs data retrieved from the Bank for International Settlements; labor productivity (output per hour) data from Us
Bureau of Labor Statistics and OECD Stan database.
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Table 7. Panel regression for the share of fragments values produced by Country A

[Country B in brackets] (1995~2009)
3 Country 4

[Japan] [Japan] [Slovakia]l  [Slovakia]l —[Czech Rep] [Czech Rep]
NEER -.10 -.10 -.10 -.10 -.10 -.10
Country 4 (.03)*** (.03)%** (.03)*** (.03)*** (.03 (.03)***
NEER .04 .03 .14 12 .16 .16
China (.03 )k (.03 )k (.03 )k (.03 )k (.03 (.03 )k
NEER -.10 =12 =11 =12 -.18 -.19
Country B (.04)*** (.04)%=* (.02)%** (.03)*** (.02) % (.02)***
PROD .01 .01 .01
Country 4 (o1) (.01) (.02)
Obs 2339 2339 2339 2339 2339 2339
R’ 70 71 71 71 71 71

(Note) Standard errors in parentheses. * significant at 10% level, ** 5%, *** 1%,
Values of 3 were multiplied by 100.

Table 8. Panel regression for the share of fragments values produced by Country 4

[ Industry in brackets] (1995~2009)
9 Country 4

[17 to 18] [24] [26] [27 to 28] [30 10 33] [34t0 35]
NEER .06 -.09 -.04 -.15 -.10 -17
Country 4 (.03)** (.04)** (.01 )% (.06)** (.05)** (.03)**:*
NEER .10 -.05 -.003 .03 .19 -.09
China (.05)** (.05) .01) .07) (.06)*** (.06)
NEER -12 -26 -.05 -24 -.03 -23
Japan (.06)%** (.05)sk* (.02)*: (.08)*** (.08) (.07)***
PROD .06 .05 -.02 .02 -.09 .06
Country 4 (.03)** (.04)** (.01 )*** (.03) (.03)** (.03)*
Obs 195 195 195 195 195 195
R’ 94 94 92 92 92 95

(Note) Standard errors in parentheses. * significant at 10% level, ** 5%, *** 1%,

Values of 3 were multiplied by 100.
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Table 9. Panel regression for the share of fragments values produced by Country B

[ Country B in brackets ] (1995~2009)

9 Country B

[ Japan] [Japan] [ Czech Rep.] [ Czech Rep] [ Slovakia]l [ Slovakial

NEER .0002 .001 .008 .006 .0002 -.000
Country A (.001) (.001) (.005) (.003)** (.0004) (.000)
NEER -.003 -.003 -.008 -01 -.0008 -.001
China (001)***  (001)*** (.008) (004)***=  (.0004)**  (.0004)***
NEER -.003 -24 02 .009 .001 001
Country B (.002) (L08)%** (.014) (.008) (.0004) (.0004)*
PROD -.003 -.004 -.001
Country A (.001)#x* (.002)* (.0003 )
PROD .0002

China (.0004)

PROD .001 -.004 .002 .001 002
Country B (.001) (.007) (.004) (.0002)***  (,0003)%***
Obs 2339 2339 2339 2339 2339 2339
R 55 56 61 61 49 49

(Note) Standard errors in parentheses. * significant at 10% level, ** 5%, *** 1%.
Values of 3 were multiplied by 100.

Table 10. Panel regression for the share of fragments values produced by Country B

[ Industry in brackets | (1995~2009)

9 _Japan
[17t0 18] [24] [24] [26] [271028] [301033] [30t033] [3410 35]

NEER -.004 .002 .002 .005 -.005 -.006 -014 01
Country 4 (001)***  (001)*  (001)* (004)  (002)**  (005)  (.005)*** (.004)**
NEER -.004 -.003 -.002 -.001 .01 -.02 -.02 -.002
China (00D)***  (L006)***  (006)*** (.0005)** (05)*** (007)y*** (003)***  (.006)
NEER -.003 -24 -.0002 -.00 -.005 -.005 -.004 .003
Country B (001)***  (08)***  (.0006) (001)  (002)**  (.006) (.006) (.005)
PROD -.001 -.001 -.02 -.001
Country 4 (.0005)**  (.000y*** (.003)***  (,003)
PROD -.002 -.002 -.0001 .007 -.004 -01 01 .001
Country B (00)y***  (00)***  (0001)  (0003)* (.001)*** (004)** (.005)***  (.004)
O})s 195 195 195 195 195 195 195 195
R 67 94 94 85 78 .82 .86 87

(Note) Standard errors in parentheses. * significant at 10% level, ** 5%, *** 1%,
Values of 3 were multiplied by 100.
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[Country B in brackets] (1995~2009)
9 Country C

[Japan] [Japan] [Koreal [Czech Rep] [ Slovakia)
NEER .009 .009 .009 .009 .009
Country 4 (.004)** (.005)* (.006)* (.004)** (.004)**
NEER .002 .001 -014 -.017 .001
China (.006) (.005) (.005) (.006)*** (.006)
NEER .005 .001 -.005 -.007 .007
Country B (.005) (.005) (.003)* (.01) (.01)
PROD .008 .009 .009 .003 .009
China (.00 1 )*** (.002)%*** (.00 )*** (.004) (.006)
PROD -.005 017 -.006
Country B (.007) (.008)** (.01)
O2bs 2339 2339 2339 2339 2339
R 40 40 40 .40 40

(Note) Standard errors in parentheses. * significant at 10% level, ** 5%, *** 1%,

Values of 3 were multiplied by 100.

Table 12. Panel regression for the share of fragments values produced by Country C (China)

[ Industry in brackets] (1995~2009)

9 _ China

[17] [24] [24] [26] [27] [30] [30] [34] [34bis]
NEER .09 -.001 -.0003 .002 -.001 -01 -.007 .005 .003
Country 4 (02)***  (.002) (.003)  (.001)*  (.003) (.02) (02) (.003) (.002)
NEER -01 004 .003 -.000 -.000 -01 -01 -.000 -.004
China (01)  (001)** (.0015)** (.000) (.003) (01 (02) (.001) (.003)
NEER -.002 -.002 -.003 -.000 -.006 -.007 -014 .002 -.003
Country B (.02) (.002)  (001)*  (000) (003)**  (.015) (.01)* (.002)  (.001)*
PROD .03 .006 .006 .002 .006 04 04 004 .003
China (L003)*#  (001)***  (L001)*** (0003)*** (001)**F* (003)*** (003)*** (Q01)*** (002)%**
PROD -.004 -.002 .04 -.004
Country B (.003)  (.001)** (.03) (.003)
O;bs 195 195 195 195 195 195 195 195 195
R 71 75 75 .69 1 71 72 87 .67

(Note) Standard errors in parentheses. * significant at 10% level, ** 5%, *** 1%.
Values of 3 were multiplied by 100. Country B is always Japan, but 34 bis, in which Korea is the country B.

262



Exchange Rate Devaluation and Reshuffling of Global Jobs ] e l

Empirical estimation verified the hypothesis that a devaluation of the middle country’s cur-
rency, reduces the share of value added in the high-productivity country, because of the simi-
larity of comparative advantages. Table 7 summarizes the results using the complete samples.
In each specification of the model a devaluation of the medium country’s currency reduces the
share of fragments produced in country 4. Results are significantly different from zero, and
they are robust to changes in the country B of the model. The devaluation of the renminbi does
not reduce the share of fragments produced in the high-productivity countries, instead it seems
to increase them.

When we restrict the sample to selected industries, results still verifies the hypothesis of the
model (Table 14). In fact, when the Japanese currency is devalued, high-productivity countries
decrease their share of fragments. In the complete sample it seemed that a devaluation of the
renminbi would increase the share of intermediate goods produced in the high-productivity
countries, But the results here are less odd: the effect of the renminbi is usually not significant.

Results obtained applying the model to the share of intermediate goods produced in country
B verify the hypothesis of the model. Taking the whole sample, it is verified that a devaluation
of the country C will decrease the share of fragments produced in the medium-productivity
country. Results are significantly different from zero and are robust to changes in the country
B. Results concerning the exchange rate of the high-productivity country are less robust: in the
whole sample, the effect of the exchange rate of the high-productivity country is not significant,
but we found that increases in the labor productivity of country 4 will transfer fragments from
the medium-productivity country to the high-productivity one. When we restrict the sample
to specific industry, results are more robust. The devaluation of the renminbi would decrease
the share of fragments produced in Japan, as well as a devaluation of the currency of high-
productivity countries. When the latter is not verified, we added labor productivity of country 4,
verifying that its effect is negative and significantly different from zero.

Considering China, a low-productivity country in our analysis, results are less robust when
we use the complete sample. In fact, only in the case of Korea, we found results consistent with
the theoretical model. The devaluation of the Korean currency would decrease the share of
fragments produced in China, while the effect of the currency of the high-productivity country
is positive. Nevertheless, at the industry level, results buttressed the theory. In fact, the effect
of the exchange rate of country 4 is ambiguous, sometimes positive, sometimes negative, but
never in contradiction with the model. In most industries a devaluation of the Japanese currency
would decrease the share of fragments produced in China, and when the exchange rate is not
enough to have the consistent result, the Japanese labor productivity will. In the motor vehicle
industry, it appears that Korea has a more similar comparative advantage to that of China than
the Japanese case.

Given these results, the two samples of the model buttressed the hypothesis that exchange
rate variations affect the range of fragments produced in countries within the global production
networks, only if they have a similar comparative advantage.
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V. Conclusions

Our theoretical model suggests that exchange rate variations to the same global production
network will transfer fragments among them only if the set of fragments each of them special-
izes in are close in the continuum. Empirical evidence presented in this paper does not allow
for a rejection of the theoretical hypothesis. The range of fragments produced in a country is
changed only by the exchange rates between that country’s currency and those of the countries
that exhibit the closer comparative advantage. In particular, high-productivity countries can
vary their specialization only by managing the exchange rate with the currency of medium-
productivity countries. A revaluation of the currency of low-productivity country would not
modify the production structure of high-productivity country, while it may increase the share of
fragments produced in the medium-productivity one.

The implications are momentous. Take a look at the debate about the ‘appropriateness’ of
the US dollar - Chinese renminbi exchange rate. To increase employment in the US, many ob-
servers and economists, notably Paul Krugman (2010), invoked a revaluation of a renminbi. An
increased dollar price of the fragments produced in China would, according to current theories,
bring the fragments back to the US (Marsh, 2011; The Economist, 2011). Re-shoring would, in
theory, restore manufacturing employment to levels recorded before the emergence of global
production networks. However, on the basis of our model, a revaluation of the renminbi would
have no effects on the US production of intermediates: rather, revaluating the renminbi would
reduce Chinese competitiveness vis-a-vis medium-productivity countries, like Taiwan. In ad-
dition to that, the emergence of new countries would suggest a scenario where history repeats
itself (Leunig, 2011). Just as high per capita income countries outsourced their production
processes in medium- and low-productivity countries, there will be a period in which currently
low-productivity countries will start the process all over again. China will move up along the
continuum of fragments, transferring the simplest activities to the new members of the global
production network, like Vietnam or Bangladesh (Feldstein, 2011). As always, the extent of the
market is the only limit to the international division of labor (Smith, 1776).
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