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Foreword

Little in economic theory is as widely accepted as the benefits from inter-
national trade, and still barriers are deliberately preserved or put in place,
massively reducing trade flows. The attempt to understand this apparent
inconsistency motivated my research and finally led to the present doctoral
thesis.

In the limited scope of this work, a discussion of trade policy must remain
either superficial or incomplete. I chose to restrict the analysis to two objec-
tions to free trade, often encountered in public discourse. Following common
terminology, the underlying reasoning is summarized as "infant industry ar-
gument" and "strategic protection of essential commodities", respectively.
Standard general equilibrium formalization is used to conduct the analysis,
offering new perspectives on the effects of trade policy and leading to insights
which should be of use for a critical understanding of trade policy.

The first chapter addresses a critique of trade liberalization that is well known
as "infant industry argument". A basic model encapsulates its main point
by illustrating how developing countries can achieve higher long-run growth
by shielding their high-technology industries from international competition.
The simple formulation then allows for several tractable extensions leading
to some severe qualifications of the infant industry reasoning. Most impor-
tantly, its logic is shown to fail in presence of different technological gener-
ations. Already under mild demand complementarities for high-technology
goods, heavy protection makes developing countries stick to outdated, low-
growth technologies. Trade liberalization, on the other hand, can lead to the
adoption of high-growth technologies. The implied growth dynamics diamet-
rically opposes the predictions of the standard infant industry argument: in
the extended setup developing countries experience poor growth rates in a
period following trade liberalization but their long-run economic growth is
enhanced after a transition process.

Such sharp contrasts in predictions suggest new strategies for future test of
the effects of protection on development. Tests could aim at growth rates of
developing countries; more promising, however, seems to follow the line of
recent empirical literature on the effects of trade on sectoral labor allocation.
A further extension of the model helps to understand the effects of trade
under learning externalities in a three-country world. This allows analyzing
the effects of international competition among developing countries — an issue
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that enjoys increased interest sparked off by the impressive trade integration
of China and India and the rising fear their smaller competitors articulate
in view this development. Unless such concerns, the model shows that trade
integration can well be an “all-win-strategy”, creating enhanced growth rates
in each county.

In sum, the first chapter points out harmful effects of trade barriers even un-
der conditions that are normally thought to give good reason for protection.

The second chapter treats the protection of “strategically important” indus-
tries. Domestic production of vital goods, so common argumentation runs,
deserves special protection to secure a minimum domestic supply. Lobbyists
across industries frequently appeal to this particular logic, which, more often
than not, seems fairly stretched. But its abuse does not make the argument
entirely wrong and it is surprising that economic theory has so far missed to
carefully examine it. I undertake first steps in this analysis, trying to answer
when the argument bites and how, if any, protection should be granted.

To this goal, a two-country model is developed. In a repeated trade game
with reputation building, all international trade agreements are required to
be self-enforcing; protection can be granted through tariffs and subsidies. In
the analysis, special attention is paid to the complementary role of tariffs and
subsidies, reflecting on the one hand the prominent role these policies play
in recent trade talks and allowing on the other hand a critical evaluation of
international legislation put in action in the WTO rules.

It is shown that optimal commercial policy tends to favor comparatively dis-
advantaged and declining industries - an observation that is consistent with a
number of empirical studies on protection. Moreover, essential commodities
are optimally protected by a mix of tariffs and subsidies. Subsidies for do-
mestic produces of essential goods effectively break market power of foreign
suppliers and heavily reduce their incentives to defect on trade agreements.
Therefore subsidies prove particularly effective in relaxing the self enforce-
ment constraint.

An extension of the model reflects the restrictiveness of the conditions that
drive the findings. It is shown that the main results are severely qualified
when the countries’ industrial structure exhibit strong rigidities. In this case
the deliberate creation of mutual dependence serves as a commitment device
and in fact enables countries to sustain free trade when it otherwise would
not be self-enforcing.

In this way, the second chapter provides in a first part a rational for pro-
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tection of strategic industries by actually endogenizing supply ruptures in a
strategic trade game. In a second part, it highlights that the conditions for
the logic to apply are quite demanding and sheds light on the limitations of
the underlying reasoning.

In sum, the present work contributes to the literature on trade policy, focus-
ing on two of the most common critiques of trade liberalization. The formal
tools developed here hopefully help to critically assess the controversies about
globalization and permit a rigorous evaluation of arguments that often are
liberally used and abused by protectionists.



Chapter 1

International Competition,
Learning by Doing, and Growth

Abstract: This chapter develops a tractable Ricardian model to assess the
effects of trade integration on the income growth in developing countries.
Two scenarios are analyzed. Focusing first on trade integration between an
advanced and a developing economy, the model concisely replicates the in-
fant industry argument. More importantly, it helps to identify a drawback
of the infant industry argument, which previous literature had overlooked:
protectionism can decrease long-run growth by reducing local demand for
goods with high potentials of productivity growth, thereby hindering eco-
nomic growth. A second part extends the model to a three-country scenario
and addresses the effects of competition among developing countries. The
trade integration of large developing economies has adverse static effects on
the income of small developing economies by it increasing competition at the
bottom of the product ladder. But under adequate conditions, the small de-
veloping economies are pushed up the production ladder and enjoy increased
transitional and long-run growth, possibly leapfrogging the initial leader.

1.1 Introduction

This chapter addresses the effect of trade integration on the growth perfor-
mance of developing countries under the hypothesis that learning by doing is
a key factor of economic growth. It reevaluates the infant industry argument
in a first part and analyzes in a second the effects of competition among



developing nations.

The infant industry argument is about two hundred years old, extensively
studied, and very well known. When certain industries, so it runs, generate
knowledge by merely engaging in production, and this knowledge is appro-
priable by neither firms nor workers, then a temporary protection of these
industries gives them the room to grow competitive. The argument enjoyed
great popularity after World War II, when it was used to justify protection-
ist policies in post-colonized developing countries; extensive protection was
meant to foster industrialization and thereby encourage economic growth
(Baldwin [2003]). Not before some decades later the advances of the en-
dogenous growth theory provided economists with the formal techniques to
carefully analyze the channels between protectionism and economic growth.
A most influential contribution is Young [1991], who demonstrated how pro-
tectionism can foster long-run growth in developing countries. Somewhat
ironically, these theoretical achievements came at a time when a paradigm
change had accomplished: policymakers and economists favored open trade
regimes and a large part of the developing countries had liberalized their
trade policy.

Its comprehensive and elegant formalization on the one hand and its down-
turn of political relevance on the other could have marked the end of the
academic discussion of the infant industry reasoning. But recent years have
seen renewed interest in the role of that argument in the context of eco-
nomic development, inducing to a line of theoretical contributions (Leahy
and Neary [1999], Miravete [2003], Kaneda [2003], and Melitz [2004]). At
the same time, empirical studies aimed to evaluate the success of protec-
tionism (Luzio and Greenstein [1995], Lee [1997], Das and Srinivasan [1997],
Dozin and Vamvakidis [2003], Ohyama et al [2004]).

Somewhat surprisingly, the empirical studies have persistently tried to iden-
tify protectionism and its effects on industry productivities, while neglect-
ing to look at the consequences trade liberalization. This is surprising as
the infant industry logic has a straight implication: a turn to liberal trade
policies increases international competition and should thereby make high-
technology industries in less developed countries contract or disappear. I
think that testing this implication has potential to systematically assess the
infant industry argument. For a sketchy example take a look at Mexico’s
performance in high-technology sectors after its major trade liberalization



with the US and Canada, the foundation of NAFTA. The classification! of
” Advanced Technology Products” (ATP) the US Census Bureau provides
can serve as a narrow definition of ”high-technology sectors”. Instead of
production data, which are hardly available, take trade volumes of these
commodities between US and Mexico. Table 1 reveals that total Mexican
exports of ATPs increased by roughly 400% between 1994 and 2004. Even
more striking is the observation that Mexico was a net importer of the high-
technology commodities at the foundation of NAFTA but turns out to be
a net exporter ten years after. Within the ATP classifications the picture
is roughly the same: in all ten categories, Mexican exports surged, and for
all but two of them (Biotechnology and Electronics) the Mexican exports as
share of total bilateral exports increased during the ten years of NAFTA. It
appears that Mexico heavily linked its economy into the production chain of
these advances and dynamic industries.

These observations are alarmingly at odds with the infant industry reasoning
and conventional comparative advantage considerations.

Motivated by those puzzling facts and the renewed interest in the infant in-
dustry argument the first part of the chapter aims to reexamine the infant
industry logic once again. To this purpose it develops a tractable model
that encapsulates the infant industry argument and helps to identify one of
its drawbacks that previous literature has failed to address. In particular,
the model highlights the impact of protectionism on the demand structure
of a developing country. It illustrates that under demand complementarities
protectionism can reduce demand for industrial goods to a degree that even-
tually makes unprofitable the production in precisely those sectors whose
promotion was originally intended. In this case protection not only fails to
foster industrialization but even causes economic stagnation. For this mech-
anism to bite, there must be a substitute to industrial production available -
such as a subsistence technology. If that is the case, very inefficient domes-
tic industries are forced to pay wages at which workers prefer to make their
living with a subsistence technology. Consequently, these industries exit pro-
duction. Even worse, under demand complementarities among industrialized

!The ten categories are: Biotechnology, Life Science, Opto-Electronics, Information and
Communications, Electronics, Flexible Manufacturing, Advanced Materials, Aerospace,
Weapons, and Nuclear Technology. These categories exhibit dynamic development and
discoveries and are considered to be ”on the leading edge” of their fields (see Abbott et al
1989).



goods, this adversely affects demand for other high-technology commodities,
and contagion thus causes a breakdown of large parts of industrialized sec-
tor. Conversely, trade liberalization disentangles demand complementarities
on the country level and can open the way to industrialization. This mech-
anism offers an explanation for the amazing performance of Mexico’s export
performance in the ” Advanced Technology Products”.

However, also under free trade the presence of a subsistence technology sub-
stantially impacts the industrialization of a developing country: When there
is limited world demand of those industrial goods the developing country has
a comparative advantage in, the entire labor force of the developing country
will not engage in industrial production. Instead, a dual economy establishes
with part of the labor force living on a subsistence basis while the rest pro-
duces in the industrial sector. As a growing world economy demands more
and more of the developing country’s export goods, it gradually drys out the
labor pool occupied with the subsistence-technology. After this transition
is accomplished, an effect sets in that generates growth in the less devel-
oped country: With growing foreign output, the domestic exported goods
becomes relatively scarce and, by improving its terms of trade, the less de-
veloped country imports growth?.

The implied income dynamics are the following: during a transition period
of a dual economy, income is pinned down by the subsistence-technology and
growth is nil; only after the transition period the developing country’s terms
of trade improve and it enjoys imported growth. These implications stand in
sharp contrast to the ones of the infant industry logic, which predicts that
static gains from trade come at the price of reduced long-run growth.

The second part of the chapter addresses a more recent concern develop-
ing countries formulate in view of the trade integration of large developing
economies, such as China. Those smaller developing countries fear that the
integration of a large and labor abundant nation into the world market ad-
versely affects their own development trajectories. Indeed, common knowl-
edge based on Ricardian or Stolper-Samuelson considerations suggests that
the integration of China harms other developing nations with similar fac-
tor endowments and production possibilities, and recent studies confirm that
China’s economic expansion and its extraordinary performance as a interna-

2Supposing that a developing county has a comparative advantage in those goods with
no learning effects at all, the improvement in terms of trade is in fact the only source of
growth for the developing country.



tional trader comes at the cost of the export possibilities of other East Asian
and Latin American countries (Eichengreen et al [2004] and IDB [2005]).
A drastic example gives the ”Textile and Apparel” sector in, again, Mex-
ico. Textiles accounted for most of Mexico’s growth of manufactured export
goods since the mid-1980ies and created some 190.000 formal jobs in Mexico.
But the gradual reduction of external trade barriers in recent years increased
the competition from China and led to a severe reduction in employment of
about 20%.in this sector. With about half of Mexico’s production cost, China
was able to take over market shares from Mexico. Moreover, the estimated
150 million Chinese workers in rural underemployment will keep wages in
China’s low-skilled sectors at low levels for a while, such that in a liberalized
world economy China is expected to be the world’s factory in the ”Textile
and Apparel”, while the same sector is expected to shrink further in Mexico.
Notwithstanding the static losses that China’s development can inflict on
other developing economies, the second part of the chapter shows that the
integration of a ”big competitor” can also be beneficial for small developing
countries by accelerating their economic development. Parallel to an adverse
static effect, small developing countries may receive a ”push up” the product
ladder and start producing in sectors that generate knowledge and grant long-
run growth. Thus, by freeing resources at the bottom of the product ladder,
the economics integration of the big newcomer can set the small competitors
on the track of fast growth and make them realize dynamic gains. The model
shows that this positive effects may be strong enough to even make small
developing countries leapfrog the industrialized countries, the initial leaders
in terms of per capita income. During such growth trajectories, income
gains not only come from increased domestic knowledge and productivity,
the small developing countries also benefit from cheap imports from the large
developing trade partner, a favorable effect that travels through their terms
of trade. Consequently, if Mexico or other developing countries in East Asian
and Latin American loose their Textile and Apparel sectors to China just to
engage in advanced and high-technology production they can well gain from
China’s trade integration in a dynamic perspective.

Finally, the discussion relates to a recent stream of literature, which em-
pirically assesses the effect of trade liberalization on labor allocation. Imbs
and Wacziarg [2003] discover that ”measures of sectorial concentration follow
a U-shaped pattern” when plotted against per capita income. Both, cross
section and time-series data reveal that the course of economic development



tends to come along with a reduction in specialization in early stages and
with higher international specialization in later ones. The present chapter
exhibits patterns of specialization that are consistent with these findings.

The chapter is organized as follows. Section 2 develops a model that repli-
cates the key features of Young’s [1991] argument, introduces different tech-
nological generations and discusses the implications of this change. Section
3 treats the case of competition between less developed countries under free
trade. Section 4 concludes.

1.2 The Basic Model

This section aims to illustrate how demand complementarities can make the
infant industry reasoning fail. To this purpose, it exposes a reduced-form ver-
sion of Young [1991] in a first step and shows in a second that minor changes
in the basic setup have dramatic consequences for the growth performance
of developing countries.

The model’s broad framework is the following. Individuals are of constant
mass and infinitely lived. At each date t € R, they consume an amount ¢; of
a final good and enjoy the utility u(c;). The flow of momentaneous utilities
is discounted with the time preference rate p, so that the individual lifetime

utility at time ¢ is

U, = / e~ u(c,) dr (1.1)

There will be no capital, no storage technology and thus no savings decision.
Only "knowledge” is accumulable and grows according to a learning by doing
mechanism, which, as in Krugman [1987] or Young [1991], affects productiv-
ity positively and is entirely exogenous to firms and workers. Consequently,
individuals who maximize (1.1) simply maximize income at each point in
time.

Just as in Young [1991], two different cases will be distinguished: free and
costless trade in goods as opposed to autarky. Autarky is meant to capture
protectionist policies. Trade in assets will be ruled out but that assumption
is not crucial.



1.2.1 The Infant Industry Argument

In the following paragraphs, I will develop a model that replicates the core
features of the infant industry argument. It relies on the assumptions, which
traditionally underlie the infant industry reasoning. In particular, I as-
sumes a learning by doing process that is biased towards the goods advanced
economies have a comparative advantage in. The model’s description starts
with a closed economy. The economy is endowed with a labor force of mass
L, which is supplied inelastically. Consumers in the economy demand one
final good (Y'), which is produced out of two intermediates (X;)

Y = (X]VE 4 xR (6> 1) (1.2)

The intermediate goods, in turn, are produced according to linear technolo-
gies, using labor as the sole factor:

X1 =1

X, = AL, (1.3)

Consider first a closed economy under these conditions. Taking the final
good Y as the nummeraire, marginal productivity of the intermediate goods
determines their following demand functions

pi = (Y/X)"* (1.4)

while a competitive labor market implies® p; = Ap,. Combining these equa-
tions leads to

Li=— 1 L--2" (1.5)
Iy 2T 14 A '
Equations (1.2) and (1.5) together give national output
Y= (144 (1.6)

Suppose now that there is learning by doing, which is asymmetric in the
goods and stronger in those goods, industrialized countries have a compar-
ative advantage in - say X,. For simplicity, assume the extreme case of no

3Note that productivity A is disembodied and atomistic individuals do not internalize
their work’s effect on accumulation of A such that the labor allocation (1.5) is not affected
by intertemporal considerations.



learning in production of X; while the productivity of Xs-production evolves
according to

A=p-Xo/L (1.7)

Differentiating (1.6) with respect to time and using (1.3), (1.5), and (1.7) it
is straight to see that the autarky growth rate is

. As—l 2
g=Y/)Y =pu <71 — AEI) (1.8)

which approaches i as A grows large. A closed economy’s long-run growth
rate is therefore pu.

Now take two different closed economies of this type, called South and North
(North variables denoted with *). As long as they coexist without trade, the
income growth will converge in the long run*

Y)Y Y)Y = p—p=0

Suppose now that these two economies, which previously lived in autarky,
start to trade freely. Transport costs are negligible but labor is bound to
stay within national borders.

Assume further that at the date of liberalization the countries are not iden-
tical but exhibit some technological differences. In particular, North (the
advanced economy) has a comparative advantage in production of X5. It can
be shown (see Appendix) that for any initial conditions that imply L, < L/e,
or equivalently satisfy

AL > AL — (A5 + A)Je

South ends up completely specializing on good X; within finite time. Un-
der these initial conditions, South’ productivity grows too slow relatively to
North’ and South is gradually pushed out of Xs-production. Assume in the
following that this is the case, or to keep matters simple, that full interna-
tional specialization occurs on impact when countries decide to trade. This
amounts to assuming p; > Aps and p; < A*p, or

A*L* > A°L

L* < (A9 'L (1.9)

4There is convergence in growth rates here, but not in levels.
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These conditions show that there is a lock-in effect in the specialization
pattern: if conditions (1.9) hold initially, only North produces X5 so that
A* grows but A does not. Thus, the specialization pattern carves in and
consequently (1.9) must hold at any time after the trade integration.

Under complete international specialization world output grows according to

(A*L*/L)l—l/e

YOIy = (1+ (A*L* /L)1) K

and approaches p in the long run as A* grows large.

Now write s for South’ economic size, defined as South’ income relative to
world income. Homothetic demand, complete specialization, and balanced
trade imply p; (1 — s)X; = pes X5, which (together with equation (1.4)) gives
1
§= 1-1/e
1+ (A*L*/L)

So s becomes zero in the long run. The growth rate of s is

/s =—(1—s)(1—1/e)A*JA* = —(1 — s)(1 — 1/e)p.

Combining these equations, South’ and North’ growth rates (which are g =
(sY™)/(sY™) and ¢* = ((1 —s)Y"™)/((1 — s)Y™), respectively) take the fol-
lowing expressions
I 00 i P 1
9= e (A*L*/L)lfl/s +1 g =H c (A*L*/L)l—l/s +1

(1.10)

such that ¢ — u/e as A* grows large. Since € > 1, this means that South’
long-run growth under free trade (u/¢) is less than under autarky (u).

Gautarky = U > ,LL/f5 = Gtrade (111)

Figure 1.1 illustrates and summarizes equations (1.8) and (1.10). The top
panel shows that in autarky the growth rate of both countries converge since
all countries produce and learn in the advanced sector. The bottom panel
exhibits the effects of trade integration in particular for the less developed
country: international trade makes it specialize in sectors with little learn-
ing effects and thereby reduces its productivity growth. Consequently, the

9
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Figure 1.1: Growth Rates with One Technology Only
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static gains from trade come at the cost of reduced long-run growth. At
the same time the productivity gap widens without bound. This illustration
summarizes the main finding of Young [1991].

One underlying assumption in this model - and others relating infant in-
dustries and economic growth - is that in autarky, each country is active in
sectors that generate knowledge and therefore put the countries inevitably
on the track of growth. This is a somewhat liner view of economic devel-
opment, which can be questioned. The next paragraphs do precisely that
and introduce two technological generations with only one of them creating
knowledge.

1.2.2 A Subsistence Technology

The model developed up to here relies on the assumption that under autarky
all countries keep alive their high-technology sectors, which grants learning
by doing and leads to economic development. Put differently, at all pro-
duction cost, domestic high-technology producers meet a positive demand.
Obviously, this must not be the case. Very inefficient producers might need
to sell their products at prices at which demand drops to zero. There might
be some cheap substitutes, or consumers might like the goods in question,
but not so dearly to pay any price for them. If that is the case, opting for
autarky can hurt these sectors and protection induces a shutdown of sectors
it originally intends to protect.

To formally reflect this, introduce now a substitute for the input good X,
(called X3 again to save notation). This substitute can be produced with a
simple, outdated, no-growth technology according to

Xo = bL2 014
The use of that technology in the whole production process renders
Y = (14 B HYED Loy (1.12)

of the final good. In the following, this technology will be labeled the Old
technology. A consistent terminology calls the technology introduced earlier
the New technology.

There is another way to interpret the Old technology. One can read it as
an entirely unspecialized subsistence-technology with the constant return

11



(1 + B==1)Y/(==1)_ This interpretation has special appeal in the context of
developing economies and will be adopted throughout the rest of this chap-
ter.

On one unit of labor, Old returns (1 + B*~!)Y/(~1) units while New delivers
(1 + A= H)/E=D ymits of the final good Y. Remember that knowledge is
disembodied and workers do not internalize the growth effects, so Old is

used if and only if
B> A (1.13)

Now, if (1.13) holds, workers optimally choose Old to work with, productivity
A in the idle sector stays constant and the economy does not grow. Coor-
dination failure prevents adoption of the New, the superior technology®. If
initial conditions are such that (1.13) does not hold, the scenario is identical
to the one discussed in the previous case of one technology.

Assume in the following that an unfortunate country, South, is stuck to the
Old technology and consequently stagnates. What happens to this country
if it engages in free trade with an advanced economy, North? As will become
clear shortly, the economic integration leads South to take up production of
X, export it while importing X5.

In terms of the model, South being stuck to the Old technology and North
being advanced means that (1.13) holds for South but not for North. In
addition, assume that South’ labor force is large. If this is the case, trade
integration leads to the following international production pattern. North
specializes entirely on Xs-production, while part of South’ labor force (L)
produces X; and the rest of South’ workers (Lojq = L — L) works with the
Old technology. Wage equalization in South requires p; = B. With X; = [,
and Xy = A*L* and (1.4) this gives

A*L*
Bs

The condition for North to specialize on X5 is p; < A*py. This condition
is satisfied since (1.13) was assumed to be violated for North. This shows
that the production pattern described indeed constitutes a static equilibrium

allocation provided that L > L;. (In precisely that sense South’ labor force
is assumed to be large.)

le

50Of course, there might be no coordination failure whatsoever when individuals are
impatient, B is very large, or A is very small. In that case, the discounted flow of utility
might be higher when working with B.
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Next look at the dynamics of South and North incomes under the free trade
regime. On impact of trade liberalization L, = A*L*/B® is assumed to be
less than L, but L; will keep growing as A* grows. Thus, L, eventually hits
its natural limit L, at which date South’ entire labor force produces X;. The
summarizing equation is

L; = min {L, ABS } (1.14)

Thus, after trade integration, two qualitatively different periods will follow.
First, the ”transition period” during which the Old sector is successively
drying out as a result of increasing L;. Second, the ”specialization period”
which follows the transition period and during which South’ labor force is
fully allocated to the X;-sector.

The income dynamics of South are very much different in the two periods.
Note first that North produced X, only while South does not engage in
Xo-production at all. This means that growth of productivities in the two
countries are (remember (1.7))

A*/A* = while A/A =0

The wages are w = p; and w* = A*py. With (1.14) one calculates the world
prices and the growth rates of South and North income during the transition
period

g =pu and g=20

After the transition period, the respective growth rates are just like in (1.10)
and South and North income grow at different rates in the long run:

g—ule  gt—n

Figure 1.2 illustrates these dynamics and contrasts them to the growth per-
formance of the closed economies. The top panel shows that in autarky
North grows while South sticks to the Old technology and stagnates. The
bottom panel exhibits the growth rates of the two economies in the two dif-
ferent periods that follow a trade liberalization. The first period lasts the
amount of time it takes for the growing world market to absorb South’ labor
supply. During this transition, South’ growth is zero since national income
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equals labor income and its wages are pinned down by the Old technol-
ogy: w = (1 + BY)Y/E=D  Only after the transition period is completed,
South’ wages start to rise. Growth, however, does not come from productiv-
ity growth but from an improvement in the terms of trade as goods produced
in North become cheaper.

From North’ point of view, the effect of trade integration is quite different:
in the transition period the constant inflow of South workers in X;-sector
prevents the relative price p;/py from rising, so North’ terms of trade is con-
stant. Thus, although growing in only one sector, North does not experience
decreasing returns. During this time growth of world output goes entirely
to the pockets of North workers whose incomes grow at rate g* = u. After
the transition period, output of X5 keeps growing and North runs into de-
creasing returns as the price of X; appreciates. The favorable conditions in
which North’ terms of trade stays constant comes to an end. Consequently,
the growth rate drops back to moderate levels.

Note that under trade integration, the incomes in South and North diverge
just as in the previous case because in the limit South grows strictly less than
North:

(Y*/Y) /(YY) = p(1 — 1/e)

South’ autarky alternative, however, is no growth at all, which implies diver-
gence at a much higher rate p.

A comparison the model’s two versions presented up to here reveals that
the presence of the Old technology puts upside down the growth effects of
trade integration for South. In the model of part 2.1 South’ static gains from
trade came at the cost of reduced long-run growth just like in Young [1991].
In the present discussion, however, the introduction the Old or subsistence
technology implied that initial benefits of a trade integration were zero but
South’ growth take-off came after a transition period.

Yet also in the presence of the Old technology, South’ long-run growth rates
are less than North’ and the respective incomes diverge. It seems that South’
dilemma is to choose between bad and worse and it is unable to participate
in high growth. Once again, this must not be the case. The next paragraphs
illustrate how trade can induce developing countries to start production in
advanced, high-growth sectors that were idle in autarky.
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1.2.3 Differentiation in the Advanced Sector

Suppose that technologies are like in part 2.2 except that the production
is subdivided into further steps. In particular, the intermediate X5, good is
produced out of two input goods z; and according to the following production
function®

£/(e-1)
1‘1/5) (1.15)

Xo = <zi_l/€ + 2
The input goods are produced with the input technologies
zi:angi 7,21,2

Following the parallel calculations that led to equations (1.5) one derives that
within the Xs-sector, labor allocates to the sub-sectors according to
ast

Ly = ———1L, i=1,2 (1.16)

aifl _l_agfl
Thus, output of X5 is
Xy = (a5 a5 )V L, (1.17)

Writing
A= (a5 a5 )Y (1.18)

for the composite productivity in the Xs-sector, one recovers exactly the
earlier setup. Note that L is still determined by equation (1.5) and the
static equilibrium for a closed economy is determined with equations (1.2),
(1.5), (1.17), and (1.16).

Assume that learning by doing now affects productivity of Xs-production
through the two sub-sectors according to

In the case where the input goods z; cannot be traded the scenario collapses
to the one of the previous setup with (1.19) replacing (1.7). The condition
for South to be stuck to the Old technology in autarky (condition (1.13)) is
now modified to be

B> (a5 +a57)CY (1.20)

6The assuption that the elasticity of substitution of the intermediate and input-level is
identical is convenient but not essential.
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Now suppose that intermediate and input goods can be traded freely across
borders. All previous results go through unchanged under these assumptions
but for one major qualification: South can be set on the track of fast economic
growth through trade integration. To see this, set South’ productivities in the
zi-sectors to a; = a and ay = 0. As throughout the whole section, assume
that in autarky South is trapped to B ((1.20) holds) and that L is large.
When trade is liberalized, South workers will start to produce X;. But now
they will also enter the z;-sector, provided that it pays high enough wages.

The according condition is that South’ wages in the z;-sector exceed those of
the Xj-sector: p; < ag;. Using (1.14), (1.16), (1.18), and (1.4) this condition

is equivalent to
B

((a3/ap) + 17D

At the same time, North exits z;-production if North wages in the zy-sector
exceed those of the zo-sector: ajq; < a3qq or

o (1) s

q2 azlsy aj
With X7 = 0 and 27 = 0, and performing parallel calculations that lead to
(1.14), one derives that

<a (1.21)

* *
a5 L

_ &1 _
Loy =a"14 and Ly = (Bs_l - aa—l)f/(ﬁfl)

(1.22)

Combining both equations leads to
e— e—1\1/(e-1) * /%
s(BT=a) T < ay/a]

which exactly coincides with condition (1.21). For an intuition for this con-
currence assume that South engages in X;- and z;-production. Since South’
wages equal the return on the Old technology, the price ¢; is fixed to be
q1 = (1/a)(B°* + 1)Y= and North’ wages in the z;-sector must be con-
stant and equal to w* = (a}/a)w. At the same time, South keeps up with any
increase in ze-output by supplying more of X;- and z;- goods, reallocating
its labor force from the Old to the New technology. This fixes relative prices
and implies that North meets constant returns to labor in the z3-sector, too.
Thus, both z;-sectors offer wages which are independent of North’ labor allo-
cation. Only in a knife-edge case, which is ruled out here the wages in both
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sectors coincide. (Technically speaking, under North’ diversification, one has
w* = alqy = ajq and w = p; = aq, = (B~ + 1)/, which together with
the fixed relative prices constitutes an over-identified system.)

The world economy gives now the following picture: there is complete in-
ternational specialization in the New technology, with North only producing
25 and South providing world output of X; and z;, while still keeping alive
the Old technology. This means that after trade liberalization the produc-
tivities a and aj grow according to (1.19). A quick look at condition (1.21)
confirms that here again the pattern of comparative advantage deepens and
international specialization is preserved: the condition will hold after trade
liberalization as long as some of South’ labor force still uses the Old technol-
ogy. When finally South’ transition period is over, the conditions for North
to stay out of the z; and X-sectors are, respectively, ¢1/¢ < (a}/a*)'/¢ and

p1/qe < (ab/1)Y¢, or

L* 1+4a N\ (ap)tVe I+ 1/e
(Z o) Wl e (Baee) <

L as aj L

which, too, exhibit a carve-in effect as a and a3 grow. Finally, notice that
after South’ transition period, its labor allocates to the two active sectors
according to’

1 af !

Li=— Loy = —4
P 1 gt S P

(1.23)

such that South productivity and income growth converge to pu.

The relevant conditions (1.20) and (1.21) describe the range for intermediate
values of productivity a

B
((a3/ap)— +1)'"

5_1)<a<B

When these conditions hold, the following episode can be told about the
economic development of South:

During an initial period the two economies coexist without trading. One of
them - North - grows since it uses the New technology that consists of produc-
tion including low-technology intermediate goods (X;) and high-technology

"By a = 0, South never enters the zy-sector.
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input goods (z;). The other economy - South - stagnates because it works
with the Old technology. At some point in time, these economies decide to
open up to trade and North specializes on one of the high-technology goods,
while South picks up production in the low-technology and one of the high-
technology goods. It supplies these goods cheaply to North since its wages
are pinned down by the Old technology. In that period, South does not grow.
At the date when South completely abandons the Old technology, its income
starts to grow and it enjoys a long-run growth rate equal to the advanced
trading partner.

By the forces of trade, South thus becomes a successful but lagged success
story of economic growth.

Before closing this section, it is worth taking a look at the labor allocation
in this model. It turns out that it offers an explanation for the relation be-
tween economic development and specialization Imbs and Wacziarg [2003]
discover. In their empirical work the authors find that "measures of sectorial
concentration follow an U-shaped pattern” when plotted against per capita
income. The present model exhibits precisely this characteristic. Consider
the labor allocation in the New technology®: While poor countries with very
low productivities a; only engage in X;-production, medium-income coun-
tries produce in both, the X;- and z;-sector, and finally high-income coun-
tries completely concentrate on zo-production. But not only a cross section
analysis, also the time paths of a developing country exhibits this feature:
at early stages, a developing country allocates very little of its labor to the
z1-sector when a is smaller than unity (Ls1/L = ! compare (1.23)). As
productivity a grows, more and more of its labor force shifts towards the z;-
sector, first decreasing the degree of specialization and later increasing it up
to complete specialization on z;-production (Lg;/L; — 00). Thus, the coun-
try diversifies during early stages of development just to reach later periods
of high specialization.

This section has illustrated the adverse effects protectionism can have on eco-
nomic development. While in a closed economy the advanced Xs-production
lay idle, trade integration made the developing country participate in the
high-technology production and enjoy economic growth. Subsection 1.2.3
has highlighted that the presence of relatively weak demand complementar-
ities (¢ > 1) is enough to cause contagion in the industrialized sector, in

8Imbs and Wacziarg [2003] analyze the manufacturing sector.
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the sense that a very inefficient subsector (z;) reduces demand for other-
wise competitive subsectors (z;) such that the entire industrialized produc-
tion comes to a halt’. Trade integration, on the other hand, disentangles
the demand complementarity between the z;, makes production of at least
a subset of high-technology goods profitable and spurs economic growth!®.
One consequence of this mechanism is that trade liberalization is followed
by a stimulation of high-technology production in developing countries. The
example of NAFTA and the following surge in Mexican production of ” Ad-
vanced Technology Products” (ATPs) nicely illustrates this effect: in the
decade after the treaty, Mexico’s exports of the ATPs increased by roughly
400%. Looking at the bilateral trade balance with the US reveals an even
more striking fact: Mexico, being a net importer of ATPs in 1994, turned
to be a net exporter ten years later. This episode is consistent with the ex-
planation offered in this section: after abolishing trade barriers, Mexico was
able to extensively integrate in the production process of the dynamic and
advanced goods production.

Table 1.1:
Trade in Advanced Technology Products.
Mexico - USA 1994 and 2004 (in 1994 USS$)

Exports 1994 Exports 2004 % Change MEX Exp. / Total Exp.

Category MEX-USA | USA-MEX | MEX-USA | USA-MEX | MEX - USA| USA - MEX 1994 2004

Biotechnology 9,51 19,3 12,942 34,727 36.2) 79.9 33,0 27.1
Tife Science _ 145,51 258,000f 1,265,187 314,428 769.5) 219 36.1 80.1
Opto-Electronics 46,51 57,31 1,225,771 199,495 2,536.1] 2482} 44.8 86.0)
Information & Commumications 1,666,600 2,325, 11,809,521 6,178,447, 608. 1657 41.7 65.7
Hectronics 608,71 1,210,900§ 850,508 4,127,856f 397 2409 33.5) 17.1
Hexible Manufacturing 7 213,300 414,960 324,502 59,180 51.8] 0.3] 56.1]
Advanced Materials 1,7 53,1 78,968 67,095 4,545} 264] 3.1 4.1
Aerospace 35,7 605,200 148,070] 769,09 314.8) 27.1 5.6 16.1]
‘Weapons 1,900] 12,3 46,395 24,311 2,341.8 97.7] 13.4] 65.)
Nuclear Technology 9,200) 81 29,943 E 225.5 0.0] 0.3
TOTAL 2,516,800 4,764,800) 15,852,404 12,069,896) 529.9 153.3 34.6) 56.8

Source: US Cesus Bureau

9Precondition is a relatively complex and diversified production in the industrialized
production process and a rather plain and simple one in the self-subsistence technology -
not a too unreasonable assumption after all.

10Tt is worth noting here that the demand functionin this model is assumed to be ho-
mothetic. Non-homothetic demand like in Matsuyama [2000] with more demand for high-
technology goods at higher income levels obviously strengthen this effect.
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The effect of trade integration on the demand structure described here con-
stitutes one of the two main points of the chapter. It is illustrated with the
help of a very simple and tractable model and sheds doubt on the claim that,
when climbing up the product-ladder, competition ”from above” is harmful.
Another and more recent concern deals with competition ”from below”, i.e.
the competition among developing countries for world markets. Developing
countries on the track to industrialization observe with concern that large
and labor-abundant nations India and China integrate into the world market.
Increased competition in labor-intensive sectors is believed to harm countries
in Latin America and the developing nations of East Asia.

But this competition ”from below” can also have beneficial effects for the
poor countries. The next section shows this second main point of this chapter.
The tractable model of the present section is used to analyze a three country
model and give some insights on the effect of competition among developing
countries.

1.3 Competition Among Developing Countries

This section focuses on the effect of competition for market shares among less
developed countries in a globalized economy. Common knowledge suggests
that small developing countries and transition economies should fear the
large pool of cheap labor the big nations China and India supply to the
world market. This cheap labor, the argument runs, drives other economies
out of prospering industries and undermines their development trajectory.
The present section looks at this claim and develops some intuition on it.

1.3.1 A Push Up

Suppose that technologies are like in subsection 1.2.3. Unfortunately for
the developing country South, trade integration will not automatically lead
to activity in a high-technology sector. When South does not enter the z;-
sector, it seems to be doomed to low growth rates as in subsection 1.2.2. Quite
surprisingly, competition from another developing country can set South on
the road of fast long-run growth.

To see this, suppose that while trading with North only, South does not
produce any of the z;. The general conditions for South not producing z; are
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a;q; < p; or
a; < ) 8 NN (L*/L)"* i=12 (1.24)
(as{(ef ) 4 gl ))

Assume now that South and North were trading for a while, South exporting
X and importing the z;.

Suddenly, there appears a new potential trading partner: an economy called
East (whose variables are characterized by a twiggle). East is initially in
autarky, has a huge population L, possesses the Old technology, is capable to
produce X; just like the rest of the world, but is inefficient in z;- production.

The main interest will be the consequences of East’s trade integration on
South’ economy. In order to simplify the setup, assume that aj = a5 = a*
for North’ input productivities and a; = a and ay = 0 for South’. Finally, let
South’ and North’ labor force satisfy: a*L* > aL. With these simplification,
the relevant conditions from (1.24) comes down to be

a < (a*L*/2L)"¢ (1.25)

Now, suppose that all trade barriers between East and South and North fall
and Fast integrates to the world economy. Since East’s labor force is very
large, it does not fully allocate to the X;-sector and consequently pins down
the price of good X; to p; = (B! + 1)V/E=1. How does this affect the
income of South citizens?

The first and obvious effect is that East competes with South in production
of X;. As East is assumed to be very large it will flood the world market with
X4 goods, pushing down the price and therefore this sector’s wages all the
way to the lowest possible level (B5~! + 1)1/=1). This effect clearly harms
South’ workers and causes a depression in South. Beneficiary is North by an
appreciation of its terms of trade. The situation appears to create clear-cut
losers and winners.

But the entrance of the newcomer can have beneficial effects for South, too.
In particular, the big newcomer can push South into production of z;. As
production input good z; exhibits potentials of productivity growth, this
means that the "push up” by the large competitor sets the small country on
a track toward increased rates growth.
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Under the adequate condition, the production pattern of the world economy
right after integration of East is

Xl - f/l Xl - 0 Xik - 0
Z1=0 z=a 2= (a"L*—al)/2 (1.26)
Zo=0 2=0 2z25=(a"L*+al)/2

For these production patterns to be an equilibrium, in neither country none
of the idle sectors can pay higher wages that the prevailing domestic wage.
This translates to'!

p1 > a; for East  p; <aq for South  p; <a*q; for North

where ¢; are the respective prices for the inputs z;.
To rewrite these conditions in terms of productivities, start by considering
the labor market of East. With the a; small enough, the condition for East
holds always. Now, as East’s labor force is assumed to be very large, L,
is determined by the condition p; = (Y /X1)V¢ = (B=~' + 1)1 (where
variables with an upper bar indicate world aggregates). These conditions
give

Ly = (aL + a*L*)2Y¢C-V /Be (1.27)

The condition for South to specialize on z; becomes with (1.26), (1.27) and

p/a = (Xq/z)Y¢
B/2YED < g (1.28)

Finally, note that North exits the z;-sector if only if ¢; < g» or equivalently
Z1 > Zo for the aggregate output levels z;. But this is not possible since
a*L* > al, was assumed and the newcomer East does not produce the z; at
all. So ¢ = ¢2 and z; = Z5 must hold.

This proves that the allocation pattern of (1.26) together with the according
prices constitute an equilibrium, provided condition (1.28) holds.

Combining conditions (1.25) and (1.28) - and adding the condition that South
does not engage in z;-production under autarky - one summarizes the relevant
range for a as

B/2YEY < g < min{(a*L*/2L)"¢, B} (1.29)

If these conditions hold at the date of East’s integration in the world economy;,
the production patter (1.26) establishes. The first inequality implies that

UT disregard knife-edge cases here.
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East’s trade integration gives South a ”push up” the production ladder and
makes South specialize on z;. The second inequality tells that South did
not produce z; before East’s integration and grew only moderately under
bilaterally free trade with North nor did it engage in z;-production under
autarky.

All conditions together imply that in order for South to specialize in a high-
growth good, trade with both partners, North and East is necessary.

Thus, for intermediate ranges of a (defined by (1.29)), the consequences of
East’s economic integration on South’ income are twofold. First, there is
an adverse and immediate level effect and second, there is a positive growth
effect. Consider first the level effect, which appears on impact of East’s
accession. With (1.4) one quickly checks that South’ and North’ wages before
the integration of East are

w, = (1+2(a*L*/20)-15)YEY
wi = a* ((2L/a* L") 4 2) /Y

o

while immediately after it they are

w = a(2(1+ B')) Y

1.30
wi = a* (2(1+ B==))/EY (1:30)

With the inequalities (1.29) it is quick to see that w, > wy, i.e. that wage
drops in South as a consequence of the accession of large newcomer, while
North wage rises unambiguously: w} < wj. This constitutes the level effect.
The second effect is a growth effect. Notice that on impact of East’s accession,
South experiences a complete structural change, stops producing X;, and
fully specializes on z; instead. So South’ productivity in the z;-sector starts
to grow at the rate p (remember (1.19)). At the same time, North diversifies,
producing z; and z». Consequently, by (1.19) and (1.26), North’ productivity
growth is biased towards the z;-sector and North gradually shifts labor from
the z;-sector to the zs-sector until it completely specializes on zs.

Use (1.4) and conditions ¢, /¢y = a}/a* and p; = (B! + 1)/ to find

that!? e
_ ((1 + <a;/a’;>€1>> ey
! (1+1/B1)

120ne needs to reintroduce the indices for North’ productivities a} again, since unequal
growth makes them cease to be identical.
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Figure 1.3: Economic Integration and the "Push Up"

Then w = a1q; and w* = a3qy = aj(qrai/al) imply the growth rates of
incomes

g=a/a+ 5% 1n(1+ (a3/a})™) > p
g =ay/as+ 254 In(1+ (a}/a3)"") <

After North’ structural change is completed, the wages in both countries
grow at the same rates g = g* = p.

(1.31)

Figure 1.3 illustrates these dynamics. It shows that for South the initial
drop in income is followed by extraordinarily high growth (¢ > p), which
sets back to lower levels after North’ structural change is completed. The
fact that South’ income growth is temporarily extremely high stems from
forces. First, complete specialization renders maximal productivity growth in
South (a/a = p1); and since North is gradually retreating from z;-production
and FEast increases its supply of X, this maximal productivity growth does
not lead to decreasing returns but translates into pure income growth. This
explains the first term of South’ growth rate in (1.31). But a second effect
comes on top, which is due to the endogenous change of North’ comparative
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advantage. As North partly retreats from z;-production, its productivity
growth is biased towards the zo-sector. In fact, North not only moves out
of z;-production because its comparative advantage moves against the z;-
sector but conversely its comparative advantage moves against the z;-sector
precisely because North is moving out of it. This makes North retreating
from z;-production at an even faster pace. The additional force makes South’
terms of trade appreciate and translates into even higher growth in South
and explains the second term in (1.31). (The same mechanism affects North’
growth rate adversely.) In sum, while South can increase the productivity of
its export good faster than any other country, it does not run into decreasing
return to scale but experiences even an appreciation of its terms of trade.
Finally, note that when East’s structural change is complete, South and
North experience the same setback in growth rates, which was already dis-
cussed in section 2.

Before going on, take a closer look at the two effects that drive the growth rate
in South to exceptionally high levels during the period of North’ structural
change. The first effect is well known. Quite generally, a country benefits the
more from international trade the better it can avoid decreasing returns to
output of the sectors it has a comparative advantage in. In a Heckscher-Ohlin
framework with constant total factor productivity and capital accumulation
Ventura [1997] shows that growth miracles can occur when countries avoid
decreasing returns to capital accumulation by shifting production to goods
of higher capital intensity. In the present model, South essentially avoids de-
creasing returns to knowledge accumulation by East’s willingness to increase
supply X; along with South’ productivity growth.

Yet the second effect is unique to the Ricardian model. When the endoge-
nous change of a country’s productivities accelerates its exit from a certain
sector, the one trading partner that actually takes over this sector enjoys an
appreciation of its terms of trade. This gives the latter an extra boost for its
growth rates's.

Finally, a complete discussion of the ”competition among developing coun-
tries” in this three-country model needs to assess the effects of South’ pres-

131t is interesting to observe that in the Heckscher-Ohlin world, structural changes are a
natural result of capital accumulation and are therefore associated with economic growth.
In contrast, in the present Ricardian model, where the accumulable factor, knowledge, is
sector-specific specialization is associated with high growth rates and structural changes
tend to induce losses in income growth.
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ence on East’s growth. The dynamics of East’s income is essentially the same
as South’ in the subsection 1.2.2'*. But South’ membership in this free trade
area does affect East in two ways. First, with South producing the input
good zp, the demand of East’s exports, X3, is higher. Thus, the transition
period East experiences is shorter and it’s period of growth sets in earlier.
The second reason is a growth effect. By assumption (1.19), there are in-
creasing returns to specialization. Since South completely specializes in the
z1-production and thereby makes North specialize completely on 2z within
finite time, it enhances output growth in the z;-sectors, and growth of East’s
terms of trade. By each of these effects, the newcomer’s economic growth
and welfare is unambiguously higher when its ”low-wage competitor” takes
part in the free trade area. The key assumption is here again that South
is moving up the production ladder at the entrance on East and therefore
essentially stops being a competitor of East but is rather an attractive trade
partner.

In sum, the competition among developing countries is beneficial for each of
them - given that (1.29) holds and provided that South discounts only mildly
its future gains. In a setting that describes firms as perfectly competitive the
positive impact of increased competition among less developed countries on
the on their respective income is remarkable.

1.3.2 Leapfrogging

Not enough that the less developed country benefits in terms of long run
growth from the accession of the newcomer, this subsection shall show that
South can in fact take over the leading position is this three-country world
economy and leapfrog the initial leader, North.

Figure 1.4 illustrates such a case. As explained in the previous subsection,
South grows faster than North during the period in which North diversifies
and produces both of the z; goods. This is because first, South completely
specializes and second, its terms of trade appreciates as North gradually
retreats from production of South’ export good. After that period, both
countries grow at the same pace. Thus, the longer North’ transition period,

4 One could also extend the model to an equivalent of sebsection 2.3 without major
difficulties by further differentiating the high-tech sector z; with ¢ = 1,2,3,. In such a
setting all countries eventually grow at the rate p.
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Figure 1.4: Economic Integration and Leapfrogging

the more South can catch up with North. If the period is long enough, South
eventually overcomes North.

Precondition for South leapfrogging North is that the ratio of their labor
forces L/L* is relatively small. The reason for the size to play a crucial
role is the following. The smaller South’ labor force L, the larger must be
South’ productivity a in order to be able to satisfy world demand of z; alone
- and thus the longer is the period during which North still engages in z;-
production and South’ growth exceeds North’. In short, the smaller South’
labor force L, the longer is its period of excess growth over North and the
more likely occurs leapfrogging.

To analyze these dynamics formally, suppose that all assumptions of the
previous section still hold (a1 = a, as = 0 and a} = a3 and ajL* > aL at the
date of East’s trade integration).

Define now the fraction of North’ workforce employed in input sector z, as
A*. It was mentioned above that this fraction is constantly increasing and
finally hits one when North’ structural change is complete. This can be seen
in the following way. Use ajL* > aL and (1.26) to see that A* € (3,1) at the

28



date of East’s trade integration. Further employ ¢ /¢ = (%2/71)"/¢ to derive
North’ labor allocation during the period of its diversification:

Lo pe__t/ai o (/o

(a3/a1)* +az/ay ~ ai(az/a})® +as3/af (1.32)
L3y = (f_*L + L*>
1

(a3/a3)* + a3/aj
Together with (1.19), this leads to

alL (at)=1

N = Lin(Lay) = pA —— —Dp(2A* -1
A /)‘ dt Il( 22) ;u>‘ CLL—|—GTL* + (5 )M( )((I’{)‘S_l + <a§)5_1

This differential equation tells that, if \* > 1/2, the fraction \* grows (\* >
0). Since at the date of East’s integration A\* > 1/2 held, this means that \*
grows and finally reaches 1: North completely specializes on zs.

Now note that during the transition period, wages in South and North are
w = aq; and w* = a*q;. With (1.19), this means that relative incomes evolve
like

LIn(w/w*) = p\* (1.33)
The goal is now to give a lower estimate on the ratio w/w* at the date when
North completely leaves the z1-sector. When this date is 7', and the date
of East’s trade integration is set to be t = 0, the inequality A* > 1/2 and
equations (1.30) and (1.33) imply that at T relative incomes are

w(T w T\

w*<(T)) = w*((%)) cetlo ATt S 4(0)/at(0) - et/ (1.34)
In order to calculate the lower estimate on w/w*, one can therefore give a
lower estimate of 7" and plug it in the RHS. By (1.32) the transition period
is characterized by

/L < ala3) (@)~ (1.35)

with equality at date T'. A lower bound for T is established by equalizing an
upper bound of the RHS to the LHS. Since a(t) = a(0)e**, an upper bound of
the RHS can be found by giving an upper bound for a3 and an lower bound
for aj. But aj grows at the rate pA*, and a} at the rate p(1 — A\*). Some
generous lower and upper bounds are therefore, respectively

ai(t) < aj(0) - et and  aj(t) > aj(0)
Thus, the RHS of (1.35) is bounded from above by the expression
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a(0)et" - (a3(0)e)*"/(a7(0))7,
or
a(0)
ai(0)
The lower bound for date T is calculated by equating the LHS of (1.35) with

the RHS of (1.36)
T = iln —al(O)L
ep a(0)L
This together with (1.34) and A* > 1/2 gives the estimate

alay) (a})c < et (1.36)

w(T) > w*(T) - eY*L*/ L

These last steps lead to the following surprising finding: given that con-
ditions (1.29) hold, trade integration with East makes South specialize in
z1-production and South always leapfrogs North when its labor force is rela-
tively small compared with North’, i.e. if the sufficient condition L < e'/%L*
is satisfied. Note that once North’ structural change is complete, both coun-
tries’ productivities grow according to (1.19) at the same rate and so does
either national income. South can conserve its newly acquired leading posi-
tion.

This subsection has generated a growth miracles with the help of two different
effects. The first comes from avoiding decreasing returns. When a country is
able to escape decreasing returns in the sector of its comparative advantage,
productivity growth translates into pure income growth. The second effect
comes from the dynamic change in comparative advantage due to learning by
doing. When a developing country enters production of one specific sector,
its incumbent producer partially shifts labor out of that sector. For the
latter, this adjustment means a reduction in this sector’s productivity growth
and he not only retreats from the sector because the comparative advantage
is moving against him, but the comparative advantage moves against him
precisely because he is moving out of the sector. This amplification leads to
an even faster appreciation of the developing country’s terms of trade and
increases its growth rate up to the point where it induces leapfrogging.

For developing countries the lesson to draw from this exercise is the following.
Capturing parts of a sector with high growth potentials not necessarily makes
a growth miracle. It can well be that higher productivity growth in competing
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countries eventually drives the developing country out of the newly entered
sectors (as in section 1.2.1). Unless there exist other attractive production
opportunities for the incumbent producers to shift their production to (as
in sections 1.2.3, 1.3.1, and 1.3.2) a race for market shares sets in between
competing countries with uncertain result. A further beneficial condition for
a growth miracle to occur is the outsourcing of (low-technology) goods whose
production does not exhibit learning by doing (as in section 3). In fact, this
constitutes a pure infant industry argument from the winner’s point of view.
Finally, for a growth miracle to occur, the newly entered sector should meet
a demand large enough to offer expansion in the medium run (reflected in
the condition L < e'/%L* of the present section).

This present section emphasized the beneficial effect that trade integration of
a large developing economy can have on the growth performance of smaller
developing countries. By freeing resources at the bottom of the product lad-
der these latter can enter industries with higher learning effects and growth
potential. However, the immediate static level effect on the small developing
countries is always negative. Whether the static welfare loss can be compen-
sated by higher future growth then depends on the patience of the developing
countries’ citizens.

1.4 Conclusion

This chapter has contributed to the discussion on the channels between in-
ternational trade and economic growth. It has focused on the growth perfor-
mance of developing countries in the race for market shares in advanced and
dynamic sectors. It thereby distinguished between first, the effects of inter-
national trade relations with industrialized countries, evaluating the infant
industry reasoning and second, an increased competition among developing
nations in a three-country setting.

The first part developed a simple model that puts Young’s [1991] version of
the infant industry argument of into a very handy framework, illustrating
that for developing countries the static gains from trade may come at the
cost of reduced long-run growth. In such a case trade integration hinders
economic development. Yet, a small modification of the model turns around
that picture and helps to identify a drawback of the infant industry argu-
ment that previous literature had overlooked. It was shown that the pres-
ence of a subsistence-technology, barriers to trade can reduce the demand for
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high-technology goods such that production drops precisely in those sectors,
which protectionism originally intended to promote. In that scenario, protec-
tionism undermines industrialization and long-run growth. The underlying
assumptions conversely imply that trade liberalization spurs the production
of higher-technology goods in developing countries. The surge of Mexico’s
exports of 7 Advanced Technology Products” in the first decade of NAFTA
up to the fivefold of their 1994 level can be understood as support for this
view.

The second part extended the model to a three-country setting to address
the impact of competition among developing countries on their growth per-
formance. Some small developing countries observe with concern that large
labor abundant nations like India and China integrate in the world economy.
The analysis showed that trade integration of a large developing nation can
push small developing economies up the product ladder into production with
higher growth potential. Thus, the increased competition sets small devel-
oping countries on the track of faster economic development. While a static
level effect of the increased competition is always adverse, the following boost
in income growth makes small developing countries outperform industrialized
economies and can even bring them to leapfrog the initial leaders. In the pe-
riod of exceptionally high growth of the developing country two beneficial
effects are identified. First, as competitors are moving out of production in
the sector of its comparative advantage, the developing country meets con-
stant returns while growing in one sector only. Second, this effect is amplifies
by the endogenous change in comparative advantage.
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Appendix Chapter 1

In the two-country model of section 1.2.1, when Ly < L/ holds, then Ly goes
to zero in finite time. Assume that L, > 0, i.e. South diversifies, implying
p1/p2 = A The world aggregates are then X; = L — Ly and Xy = A*L* + AL
and (1.4) gives

I — AL — A*L*

2T A+ A

This expression has the upper bound Ly < Ly, := L — A*L*/A®. By (Al),
L is increasing in A and by (1.7) A is increasing in L. Thus, the solution
to (1.7) with initial values (A1) has an upper bound by the solution to (1.7)
when replacing L by Ly, Using A*/A* = e/, the system (1.7) and Ly = Ly,
has a stationary solution at

(A1)

L Ly =A"L*JA® (u— pely /L) =0

or Ly = L/e. For initial values Ly, < L/e the upper bound Lj; decreases
at an accelerating pace and hits zero in finite time. Thus, so does L.

33



References

Acemoglu, D. and Ventura, J. [2002]: ”The World Income Distribution”
Quarterly Journal of Economics

Baldwin, R [1969]: ”The Case Against Infant-Industry Tariff Protection”,
Journal of Political Economy

Baldwin, R. [2003]: ”Openness and Growth: What’s the Epmirical Relation-
ship?”, NBER Working Paper No. 9578

Brezis, E. S., Krugman, P. and Tsiddon D. [1993]: ”Leapfrogging in In-
ternational Competition: A Theory of Cycles, and National Technological
Leadership” American Economic Review

Brooks, R. and Ran, T. [2004]: ”China’s Labor Market Performance and
Challenges” China & World Economy Volume 12 No.3, Institute of World
Economics and Politics, Chinese Academy of Social Sciences

Ciccone A., Alcald F. [2004]: "Trade and Productivity” Quarterly Journal
of Economics

Ciccone, A. and Matsuyama, K. [1999]: ”Efficiency and Equilibrium with
Dynamic Increasing Aggregate Returns Due to Demand Complementarities”
Econometrica

Das, S. and Srinivasan, K. [1997]: ”Duration of Firms in an Infant Industry:
the Case of Indian Computer Hardware”, Journal of Development Economics

Dornbusch, R.; Fischer, S. and Samuelson P. A. [1977]: ”Comparative Ad-
vantage, Trade, and Payments in a Ricardian Model with a Continuum of
Goods” American Economic Review

Dornbusch, R. [2001]: ” The Case of Trade Liberalization in Developing Coun-
tries” Journal of Economic Perspectives

Dozin, S. and Vamvakidis, A. [2003]: ”Trade and Industrialization in Devel-
oping Economies”, Journal of Development Economics

Easterly, W and Levine, R. [2001]: ”It’s Not Factor Accumulation: Stylized
Facts and Growth Models” World Bank

Eichengreen, B., Rhee, Y. and Tong, H. [2004]: ”The Impact of China on
the Exports of Other Asian Countries” NBER Working Paper No. 10768

34



Frankel, J. A. and Romer D. [1999]: ”Does Trade Cause Growth?” American
Economic Review

Hanson, G. [2003]: ”What has Happened to Wages in Mexico Since NAFTA?
Implications for Hemnispheric Free Trade” NBER Working Paper No. 9563

Harrison, A [1994]: ”An Empirical Test of the Infant Industry Argument:
Comment”, American Economic Review

Harrison, A. and Hanson, G. [1999]: ”Who Gains from Trade Reform? Some
Remaining Puzzles” Journal of Development Economics

Imbs, J. and Wacziarg, R. [2003]: ”Stages of Diversification” American Eco-
nomic Review

Inter-American Development Bank (IDB): ”The Emergence of China: Op-
portunities and Challenges for Latin America and the Caribbean”, forthcom-
1ng March 2005

Kaneda, M. [2003]: ”Policy Designs in a Dynamic Model of Infant Industry
Protection”, Journal of Development Economics

Krueger, A. and Tuncer, B. [1982]: ” An Empirical Test of the Infant Industry
Argument”, American Economic Review

Krueger, A. and Tuncer, B. [1984]: ” An Empirical Test of the Infant Industry
Argument: Reply”, American Economic Review

Krueger, A. and Tuncer, B. [1994]: ” An Empirical Test of the Infant Industry
Argument: Reply”, American Economic Review

Krugman P. [1987]: ”The Narrow Moving Band, the Dutch Disease and the
Competitive Consequences of Mr. Thatcher” Journal of Developing FEco-
nomics

Leahy, D. and Neary, P. [1999]: ”Learning by Doing, Precommitment, and
Infant-Industry Protection”, Review of Economic Studies

Lee, J. [1997]: " The Maturation and Growth of Infant Industries: The Case
of Korea”, World Development

Lucas, R. [1982]: ” An Empirical Test of the Infant Industry Argument: Com-
ment”, American Economic Review

Lucas, R. [1993]: ”Making a Miracle” Econometrica

35



Luzio, E. and Greenstein, S. [1995]: ”Measuring the Performance of a Pro-
tected Infant Industry: the Case of Brazilian Microcomputers”, Review of
Economics and Statistics

Matsuyama, K. [2000]: ”A Ricardian Model with a Continuum of Goods un-
der Nonhomothetic Preferences: Demand Complementarities, Income Distri-
bution and North-South Trade,” Journal of Political Economy

Melitz [2005]: ”"When and How Should Infant Industries be Protected?”,
forthcoming in Journal of International Economics

Miravete E. [1997]: ”Infant-Industry Tariff Protection with Pressure Groups”,
International Journal of Industrial Organization

Miravete, E. [2003]: ” Time-Consistent Protection With Learning by Doing”,
FEuropean Economic Review

Murphy, K. M.; Shleifer, A. and Vishny R. W. [1989]: ”Industrialization and
the Big Push” Journal of Political Economy

Ohyama, A.; Braguinsky, S..and Murphy, K. [2004]: ”Entrepreneurial Ability
and Market Selection in an Infant Industry: Evidence from the Japanese
Cotton Spinning Industry”, Review of Economic Dynamics

Romer, P. M. [1986]: "Increasing Returns and Long-Run Growth” Journal
of Political Economy

Rodriguez, F. and Rodrik, D. [2000]: ”Trade Policy and Economic Growth:
A Sceptic’s Guide to the Cross-National Evidence”, NBER Macroeconomic
Annual

Sachs, J. and Warner, A. [1995]:” Economic Reform and the Process of Global
Integration” Brookings Papers on Economic Activity, No.1.

Wacziarg, R. and Wallack J. S.[2004]: ” Trade Liberalization and Intersectoral
Labor Movements” Journal of International Economics

Wacziarg, R. and Welch K. [2003]: ”Trade Liberalization and Growth: New
Evidence” NBER, WP 10152

Ventura, J. [1997]: ” Growth and Interdependence” Quarterly Journal of Eco-
nomics

Young, A. [1991]: ”Learning by Doing and the Dynamic Effects of Interna-
tional Trade”, Quarterly Journal of Economics

36



Chapter 2

How to Use Subsidies to
Sustain Trade Agreements

Abstract: With the help of a simple Ricardian model, this chapter explores
the role of subsidies in self-enforcing trade agreements. A first part shows
that the optimal self-enforcing trade agreement includes subsidies to ineffi-
cient, import-competing sectors. When - by some exogenous or endogenous
force - comparative advantage deepens, declining industries are optimally
subsidized. Key assumptions driving these results are: essentiality of im-
ported goods and a high flexibility of the countries’ industrial structure. A
final part relaxes the second assumption and shows that under rigid indus-
trial structure subsidizing import competing sectors can actually destabilize
trade agreements.

2.1 Introduction

The dramatic trade liberalization in recent decades notwithstanding, gov-
ernments all over the globe continue to spend huge sums to promote com-
paratively disadvantage and declining industries. While policymakers like to
justify such actions by appealing to the strategic value of the industries in
question, economists, concerned about efficiency, tend to discard these claims
and blame these same policies for incurring deadweight losses. The present
chapter argues that protection of inefficient and declining sectors can after all
be welfare improving. It shows that subsidizing constitutes an efficient way
to make countries respect trade agreements and is therefore part of optimal
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trade agreements.

To frame the case, a two-country model of repeated trade is developed. Key
to the model is the self-enforcement requirement, which international agree-
ments have to satisfy. It reflects the assumption that sovereign countries
cannot be forced into international cooperation but will respect only those
agreements that appear beneficial to them. But it is well known that large
countries have an incentive to cheat on free trade agreements by unilaterally
erecting trade barriers, thereby collecting gains via improved terms of trade.
The only way to keep countries from doing so is the credible threat of pun-
ishment following such unilateral defections. A trade war with uncooperative
actions from all countries constitutes such a credible punishment. Forward-
looking governments weigh the transitional gains from defection against fu-
ture losses from trade war. Trade agreements, which all members voluntarily
choose to respect are said to be self-enforcing.

Yet when temptation to defect on free trade grows too strong, free trade
ceases to be self-enforcing. What brings remedy in such situations? It is well
understood that countries can use trade barriers in order to reduce foreign
defection incentives. Previous literature has focused on the use of tariffs as
such instruments. This chapter analyzes the situation when governments can
set, in addition to tariffs, subsidies to reduce foreign defection incentives.
Optimal trade agreements will implement an efficient mix of both. It is
shown that when imported goods are essential, subsidies are always part of
the constrained optimal trade agreement. For the intuition of this finding,
notice that the more a country looses from hostile foreign trade policy, the
more a defecting trade partner can gain - and the stronger are temptations
to defect. The importer’s vulnerability and the exporter’s incentive to cheat
are two sides of the same coin. A country that imports an essential good
is particularly vulnerable to foreign defection, so in order to reduce foreign
defection incentives it chooses not to rely entirely on imports but produces
some of the essential good at home. Since finally local production is not
internationally competitive it requires subsidies.

A first extension of the model introduces a simple form of learning by do-
ing within sectors and provides a rationale for the protection of declining
industries. The extension starts from the above statement that subsidies
to import-competing sectors are part of optimal trade agreements. When
the pattern of comparative advantage deepens, the value of cooperation in-
creases relative to the value of defection and the self-enforcement constraint
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is relaxed. This leads to a reduction of tariffs and subsidies. The liberal-
ization is gradual, since anticipated future gains from cooperation relax the
present’s self-enforcement constraint and allow a partial liberalization today
already. Thus, during the liberalization process, initially protected sectors
slowly shrink due to less and less protection. The reason for such gradual
liberalization does not come from the desire to cushion incomes or avoid po-
litical resistance - it is an optimal policy to run along the path of a binding
self-enforcement constraint.

A second extension severely qualifies and partially reverses the basic findings.
It introduces rigidities in industrial structure, considering a world where pro-
duction capacities take time to build and output patterns are slow to change,
such that countries very much depend on imports even after trade agreements
break down. This implies that any defection is followed by a particularly
tough trade war. By increasing the punishment that follows defection, mu-
tual dependence now proves to be beneficial. In fact, the deliberate creation
of dependence constitutes a way to commit to free trade, making free trade
more likely to be self-enforceable. In this scenario, subsidies to import com-
peting sectors can undermine the commitment device and make cooperation
harder.

Up to very recently, economic theory has widely neglected the role of sub-
sidies in trade agreements, in spite of their prominent role in international
trade negotiations. Motivated by the strict standing of the WTO on sub-
sidies, Bagwell and Staiger [2004] address this issue for the first time and
conclude that the ban on all (but agricultural) subsidies may go too far and
the "WTO subsidy rules may ultimately do more harm than good to the
multilateral trading system". The present chapter analyzes subsidies in the
context of self-enforcing trade agreements and conditionally confirms this
finding, specifying some assumptions under which it holds. It further shows
that protection optimally favors comparatively disadvantaged sectors, which
is widely consistent with empirical work on protection and trade policy: Lee
and Swagel [1997] write that "nations tend to protect industries that are
weak, in decline, [...] or threatened by import competition". Trefler’s [1993]
estimates show that a higher import penetration is associated with greater
protection, and Goldberg and Maggi [1999] find that "within the group of
non-organized sectors, protection tends to increase with import penetration".
In the theory of trade agreements, protectionism is typically explained by po-
litical economy arguments. Rodrik [1995] provides an overview of this litera-
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ture. He claims, however, that "we lack a good explanation of the universal
preference for trade restricting policies over trade promoting ones". Political
economy has had difficulties in justifying this anti-trade bias in trade poli-
cies; previous explanations addressing the issue are scarce and rely on rather
specific assumptions (see Limao and Panagariya [2002] and Fernandez and
Rodrik [1991]). The present work takes a different route and argues that
an anti-trade bias may be precisely what welfare-maximizing governments
optimally do to make trade agreements self-enforcing.

The final extension, which introduces frictions to output adjustment, carries
the flavor of Furusawa and Lai [1999] who find that the costs of adjusting
output structures tend to relax the self-enforcement constraint because of
increased costs of returning to non-cooperation.

Finally, the present work relies on Dixit [1987], who introduces self-enforcing
agreements to the literature of trade theory. The model’s formal structure
follows Devereux [1997] who in turn strongly builds on Kennan and Riezman

[19838].

The remainder of the chapter contains five sections. Section 2 develops the
basic model of non-cooperative trade. Section 3 then considers repeated
trade and cooperative behavior, highlights the role of the self-enforcement
constraint, and presents the basic finding. Section 4 introduces learning
by doing to explain gradualism and the protection of declining industries.
Section 5 introduces rigidities in the industrial structure of the countries and
discusses the consequences. Finally, section 6 concludes.

2.2 The Basic Model

There are two countries, Home and Foreign (Foreign variables denoted by *
), who produce two goods x and y with constant returns to scale technologies
using one single factor, labor. Countries have equal size of labor force, nor-
malized to unity: L = L* = 1. Assume that Home’s (Foreign’s) productivity
in 2- (y-) production equals b while its productivity in the y- (2-) production
is equal to 1. With b > 1, this means that Home is the natural exporter of
x. Technologies are disembodied and, for a start, exogenous:

x=0bL, y=1L, =1L y* = bL" (2.1)
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At each date, consumers enjoy the momentary utility (simply called utility
in the following) of Cobb-Douglas type and symmetric in the two goods:

u(Cr: Cy) = \/CaCy (2.2)

To save notation, here and whenever there is no risk of confusion, time indices
are dropped.

There is no capital and no savings decision such that, at every point in time,
individuals simply maximize utility (2.2) subject to their budget constraint.
Markets are competitive and only subject to distortions from government
policies specified below.

The economy described here is completely symmetric and the analysis will
be restricted to symmetric outcomes throughout the chapter.

2.2.1 The Integrated Economy and Free Trade

The integrated economy is a world where goods and factors can cross borders
without costs. By symmetry, in such a world the relative price of goods is
one (py/py, = 1). All goods are produced competitively using the most effi-
cient technology available, i.e. productivity in both sectors is b. Individuals
face the budget constraint c, 4+ ¢, < I = b, which implies that utility of a
representative consumer in either of the two countries is

ut =1b/2 (2.3)

This utility reflects the efficient outcome of the integrated economy. This
outcome is also attained in a world where trade in goods is free and costless
but factors - that is labor - is bound to stay within national borders. In this
world of free trade there is complete international specialization, relative
goods price is unity, and the citizens’ utility is (2.3) again.

Yet, countries have an incentive to distort the world economy by erecting
trade barriers and thereby manipulate the terms of trade to their favor. This
will be discussed next.

2.2.2 Trade War

When two large countries cannot commit to free trade, they will try to ma-
nipulate the terms of trade to their favor. This results in a trade war with
typically all sides loosing - the tariff setting game is subject to a prisoner’s
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dilemma. In this respect, the symmetric model is no exception: the net ef-
fects of the terms of trade manipulation cancel out and the world economy
is left with the distortions only.

When analyzing the strategic behavior of countries within the trade game,
it is necessary to be more specific about the structure of the economy. Each
country hosts consumers, firms and a government. Consumers and firms are
atomistic and do not act strategically in any respect. Governments, on the
other hand, can set ad valorem import tariffs and production subsidies. The
gross import tariffs 7" and 7™ drive a wedge between local and international
prices of the imported goods. Throughout the chapter, the world price of
good x will be normalized to one while the world price of good y is denoted by
p. This means that local prices are pZome = 1, pf"me = Tp and pLereion = T

Foreign — p. Subsidies can go to one or both sectors in each country. They
constitute a monetary reward distributed to producers. To be precise, gov-
ernments hand out per-unit subsidies to domestic producers within a given
sector up to a targeted quantity, such that domestic firms produce a min-
imum amount of output within the specific sector, independent of current
market prices’. The budget is financed by lump-sum taxes. Governments
choose both of their policies strategically, tariffs and minimum domestic out-
put of the sector. Consumers, firms, and governments are assumed to take

actions simultaneously, maximizing their respective objective.

Consumers maximize utility (2.2). When tariff revenues are distributed lump
sum to citizens, average income in Home is I =z + pTy + (T — 1)p(c, — v).
Expenditure shares are constant and one half (pT'c, = ¢, = I/2) such that
Home’s income is I = (x + py)27 /(T + 1) and Home’s utility

u_x+py‘ \/T
VP T+1

Note that in the case of symmetry p =1 and u = (b(1 —y) +y)VT /(T +1).
This equation reveals the two sources of inefficiencies: tariffs and production
distortions. Optimal are zero import tariffs (I" = 1) and complete special-
ization (y = 0, = b), which makes (2.4) equal to (2.3) - but as will become
clear shortly neither will hold under uncooperative, i.e. Nash strategies.

(2.4)

!Supposing an utilitarian welfare function, governments are indifferent about income
distribution and can set subsidies high enough to leave the subsidized firms production
decision unaffected by price changes.
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Calculations parallel to the ones that lead to (2.4) give Foreign’s income and
consumption pattern. With the trade balance  — ¢, = p(c, — y) one solves
for the world price for good y

T (T +1) +2(T* +1)
 yT(T*+1) +y*(T + 1)

p (2.5)

Firms maximize profits while taking prices, tariffs and subsidies (i.e. mini-
mum output quantities) as given. Thus, output in Home is

{vy  ifpr<b (b1 -y} if pT <b
yeq Wwl—3] ifpI'=b  xeq [@bl-y) ifpT'=>b (2.6)
{1—-2} ifpT'>b {z} if pT' >0

where y and = are the minimum domestic output levels, the government in
Home induces through subsidies.

Government are assumed to be benevolent-nationalistic and engage in tariffs
and subsidies to increase their citizens’ utility (2.2). The next step will
determine such individually optimal policies.

When Home’s government engages in subsidy and tariff setting, it takes into
account firms behavior (2.6) (and Foreign’s equivalents) and the domestic
consumers’ choices (2.4). So the uncooperative, static maximization problem
is?

e LY VT
Tzy P T+1

s.t. (2.6) and Foreign’s equivalent and (2.5) (2.7)

while Foreign’s policy functions 7%, Z", and " are treated as constants. The
optimality condition for the tariffs gives rise to the best response functions®

T = \/y_ ot a1+ 1/T) 28)

oy +y(Tr+1)
Under symmetry, the best response function leads to the Nash strategies

™ =T = /2/y (2.9)

2The resource constraint = b(1—y) and the non-negativity constraints are suppressed
here.
3See Appendix 1.
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Appendix I shows that optimality of subsidies and (2.9) lead to

7N =1/b+1) " =0 TN =1

* « 2.10
N =1/b+1) gV =0 TN =b (2:10)
Together, the Nash strategies (2.10) and utility (2.4) give
v +1
N =T (2.11)

b+1

This is the utility of citizens living in a world where governments non-
cooperatively choose import tariffs, exploiting their market power in the
world market. This market power is smaller, the less foreigners are vul-
nerable to domestic tariff setting; and in order to be less exposed to tariffs,
foreigners produce part of the import-good on their own. Tariffs are thus
identified as the aggressive part of the trade war by which countries try to
change the terms of trade and extract gains, while subsidizing is a defensive
move that shields countries from foreign tariffs. Both policies distort the
economy and induce efficiency losses.

This section has shown that countries engage in distorting policies to improve
their terms of trade and how these attempts mutually neutralize, creating
losses for all. The trade game is subject to a prisoners’ dilemma and as
such its inefficiencies can be cured through reputation building in a repeated
game. Infinite repetition of the stage game described above is dealt with in
the next section.

2.3 Repeated Trade and Cooperation

The last section has shown that in a one-shot trade game countries are
tempted to reap gains by charging tariffs unilaterally. In a repeated game,
such actions can be prevented when they come at the cost of future coop-
eration. Following standard assumptions, transitional gains from defection
are supposed be followed by a breakdown of trust and future cooperation. If
the threat from future trade war is severe enough, free trade is dynamically
optimal or self-enforcing. However, if countries heavily discount future util-
ity, this is not the case. In such a situation, it is possible to sustain some,
though not complete liberalization of trade. It is then necessary to analyze
which of the trade barriers are preferably to be removed and which should
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stay to keep agreements self-enforcing. This section explores the mix of the
two policy instruments - tariffs and subsidies - that is appropriate to make
trade agreements sustainable in a setting of repeated trade games. The next
subsection prepares the ground and illustrates the conditions under which
free trade is self-enforcing.

2.3.1 Sustaining Free Trade

Assume that the stage game of the previous section is repeated infinitely
often. Let § be the factor the two countries discount the flow-utilities (2.2)
with. Now, consider the following ”trigger strategies” in order to sustain
free trade: both countries set neither tariffs nor subsidies (7" = 7* = 1 and
y = z* = 0) as long as both did so in every period in the past. Yet, if one
country defects and deviates the other cannot react in the same period - but
cooperation breaks down and both countries play Nash strategies ever after,
receiving utility (2.11).

Before proceeding, it is necessary to carefully define the events which occur
under defection. As outlined in the previous section, firms produce while
taking prices and subsidies as given. If now a government defects on a trade
agreement, it potentially deviates in both, tariffs and subsidies. This devia-
tion hits all other agents in the world economy - including local and foreign
firms - by surprise. In particular, firms are unable to adjust output capacities
such that output patterns of the defection period remain unaffected. Since
they do not impact actual production patterns, changes in subsidies can be
safely neglected in the analysis of defection. Thus, the optimal deviation
from a trade agreement will be thought of as an unilateral raising of tariffs
according to the best response function (2.8) while output patterns are held
fix at cooperation levels.

Whether cooperation or defection will prevail depends on the respective pay-
offs. Cooperation is said to be self-enforcing if the future discounted flow of
utility under cooperation is bigger than that of defection:

VCooperate _ Z BtutC > u()D + Z Btui\/ — VDefSCt (212)

£>0 t>1

Equation (2.12) is called the self-enforcement constraint (SEC) and plays
a central role in the following analysis. In the expression u¢ stands for the
cooperation utility, v’ for the Nash utility (2.11), and u? for defection utility.
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The main tasks will be to explore when it binds and how to use tariffs and
subsidies optimally to make it hold. Note that in a time-invariant setting it

can be written as

D _,C

u

B> uD — N (2.13)
To see whether free trade is self-enforceable, collect the respective utilities
in (2.13). Under free trade, cooperation utility is u¢ = b/2 and the Nash
utility is (2.11). Defection on free trade means that one country set tariffs
according to the best response tariffs (2.8) while output patterns are (z,y) =
(y*, 2*) = (b,0). This leads to a defection utility of u” = b/y/2 and free trade
is self-enforceable whenever

v2-1
V2 —2uN/b

Note with (2.11) that 877(b) is decreasing in b. As the differences in pro-
ductivity grow larger, the more likely free trade is sustainable, because an
increase in b makes the value of cooperation grow faster than the value of
defection. To see why, notice that an increase in b improves the produc-
tion possibilities but also increases the relative dependence, which makes the
trade war tougher and tends to reduce trade war utility. The overall benefits
of an increase in b on trade war utility is therefore less than its impact on
cooperation utility. Now, as the value of defection is a composite of the in-
stantaneous gains and the trade war consequences, the increase in b increases
cooperation value more than the defection value and thereby relaxes the self-
enforcement constraint. This mechanism will play a central role in section
4.

Whenever countries heavily discount future utility, condition (2.14) is vio-
lated - the threat of a trade war is not enough to sustain free trade. For the
remainder of the chapter this will be assumed to be the case *. Now it is
well understood that when free trade is not self-enforcing, it is possible to
sustain some, tough not complete trade liberalization. In the present frame-
work where two policy instruments - tariffs and subsidies - are available the
natural question arises which of them should be reduced to what extend.
This question will be addressed next.

Bz st (2.14)

4Seeking remedy from this inefficiency, some scholars follow Dixit (1987) and assume
autarky as a harsher threat. While this makes cooperation on free trade more likely it
obviously does not guarantee it. The results in the following do not depend on the choice
of (2.11) as the threat.
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2.3.2 Sustaining Agreements through Protection

Assume that countries are impatient and free trade is not self-enforcing.
Then, starting from the trade war level, a partial reduction of tariffs and
subsidies is still self-enforcing. The idea is to keep positive amounts of trade
barriers to reduce incentives to defect and thus make cooperation possible’.
The inefficiencies these policies create are the price to pay for avoiding larger
losses of a trade war. To calculate the optimal policies, call the tariff and sub-
sidies implemented by an agreement ng, EA, and T4. The optimal symmetric
self-enforcing trade agreement is then the solution of
A A A WLtz T —uC it 7t T4
~ max w(y ,z, T s.t. B> A
vzt A uP(y 2, TA) —ulv

(2.15)
Note that the quantity @A (I“A) describe both countries’ subsidized output
levels of the respective import (export) sector. Cooperation utility is u® =
(:Z“A + @A)\/T_A/(TA + 1) according to (2.4), u" is from (2.11) and u” is
the defection utility. The arguments of u” are the cooperation policies that
are defected on; the actual defection tariff is defined by equation (2.8) while
output patterns are the cooperative ones. By symmetry, the solution of
(2.15) maximizes both countries’ utility. Both countries also face the same
self-enforcement constraint such that (2.15) entirely defines the symmetric
problem. The efficient trade agreement is described by the optimal policy
functions (@A@A,TA) that solve (2.15).

As discussed above, the solution to this problem is no intervention at all
provided that the discount factor S is large enough - i.e. the self-enforcement
constraint does not bind. If 5 = 0, on the other hand, the future is not valued
at all and the outcome is a trade war as in section 2. For any intermediate
range of 3, the self-enforcement constraint does bind and one can show that®

y >0, 7' =0and TA > 1. In particular, one can formulate the following

Proposition 1 In the economy described in Section 2, any symmetric self-
enforcing optimal trade agreement that does not implement free trade includes

>The reason for this general result is that small deviations of the policy functions around
the Nash levels have a first-order impact on the cooperation utility but only a second order
effect on the defection utility.

6Strictly speaking, governments are indifferent in giving subsidies to the exporting
sector up to the optimal level. However, a negligible but positive cost of subsidizing would
prevent this.
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subsidies favoring import competitors. The lower the discount factor, the
higher are these subsidies.

Proof. See Appendix. B

Figure 2.1 illustrates the finding of the proposition. On the horizontal axis
of the top panel, the discount factor S runs from zero to one. For large (3,
inequality (2.14) is satisfied and free trade is sustainable. Consequently, no
tariffs are charged and there is no import competing production under the
optimal trade agreement. As soon as (3 drops below the threshold in (2.14)
the optimal trade agreement includes positive y-production. As the discount
factor approaches zero countries ignore future benefits, the only reason for
respecting the agreements disappears and the optimal trade policies (g_/A, T4)
approach the Nash levels (2.10).

. Free
e optimal ™ Trade
=b
1
optimal y,
YW=1/(b+1) |
0

Figure 2.1: Optimal Trade Agreements

For an intuition of Proposition 1, assume that, say, Home does not produce
its import good y at all. As Foreign is the only supplier of the essential
y, Home strongly depends on Foreign supplies and Foreign’s potential gains
from defection are large. But already small amounts of y-production in Home
break the Foreign’s monopoly position and dramatically reduce its ability
to extract output from Home. Thus, positive domestic production of the
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imported good is part of any trade agreement that does not implement free
trade. But why do domestic markets fail to provide the optimal quantity
@A > 07 Somewhat paradoxically, domestic prices of import goods are below
the threshold that would induces local production precisely because trade
agreements are respected. At the same time, the agreement is respected
only because local production is held at positive levels. In this situation, a
decentralized market surely fails to provide the optimal production level and
the government must step in and subsidize import-competing production.

For a deeper understanding of Proposition 1 recall that the situation in a
tariff game with competitive firms is roughly the following: the countries’
governments - not caring about foreign consumers’ losses but well about do-
mestic producers’ gains - try to replicate monopoly markups on the countries
exports and set tariffs to this end. Monopoly markups, however, depend on
the elasticity of demand o by the factor 1/(0 —1). Now, by engaging in pro-
duction of the import good, a country increases its import elasticity. Thus, it
reduces foreign market power and thereby the surplus foreigners can extract
when defecting - foreign incentives to defect fall. Since the Cobb-Douglas
utility has an elasticity of substitution of one, the elasticity of import de-
mand o is equal to one whenever there is no production of the imported
good. In that situation the markup 1/(¢ — 1) is unbounded. Yet, producing
small amounts of the import-good domestically increases import elasticity
somewhat but reduces the defector’s markup dramatically. Therefore, im-
port competing production is extremely efficient in reducing the defection
utility and part of trade optimal agreements.

Proposition 1 states that subsidies can be efficient in reducing vulnerability
to unreliable suppliers. Some aspects of the energy crisis of 1973 can be
reread in the light of that finding: when the OPEC imposed an embargo
on western industrialized countries, these latter spent huge subsidies to set
up national energy programs. The stated aim was to reach some degree of
self-sufficiency and reduce the vulnerability to the countries that just had
demonstrated their ability to collude to a cartel of suppliers. This behavior
obviously carries the flavor of Proposition 1. But, more surprisingly, contin-
ued and even intensified these programs after international oil prices dropped
in the counter-oil shock 1986 (see Kohl [1991]). Even that can be justifies by
Proposition 1. Although a common objection to such politics is that energy
reserves are not to be depleted in times of low international prices but should
rather be preserved for periods when world markets are tighter. The model
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shows that subsidized energy production might precisely prevent such a re-
newed tightening of import supply by cutting the incentives of oil-producers
to collude. The key observation here is that supply shortages are endogenous
and can be prevented by artificial domestic competition. Thus, the seemingly
lobby-oriented policy may eventually have been socially optimal.

Before closing this section, it is instructive to look at the consequences of
impeding any kind of subsidies. In fact, the WTO’s [1995] legislation comes
close to a complete ban of subsidies and Bagwell and Staiger [2004] raise the
important question about efficiency of such a rule.

Assume therefore that governments have no policy instrument apart from
import tariffs. This implies that import competing production is zero as
soon as symmetric tariffs are below the (Nash) level 7' = b. Consider now
a trade agreement inducing the tariff 74 < b. Equations (2.5) and (2.8)
imply pT” — T4 +1 such that u”(T4) = b/\/T4 + 1. Cooperation utility is
uC(TA) = by/TA/(TA+1), and trade war utility is u" from (2.11). Then, for
the trade agreement to be self enforcing, (2.13) requires the discount factor
3 to exceed the minimum level of”

uo(r) —u” } >0 (2.16)

uP(TA) — ulN

pM(b) = min } {1 —

TA€[1,b
This leads to the following

Remark to Proposition 1 If countries cannot engage in subsidies, any
discount factor that falls short of 8™ as defined in (2.16) leads to a trade
war.

The remark highlights the importance of subsidies for trade agreements.
Countries living in such a world where future gains are heavily discounted
would turn down the possibility to join a trade agreement that bans all kinds
of subsidies, fearing defection of foreigners.

In a somewhat different setting, Bagwell and Staiger [2004] analyze the con-
sequences of the WTO’s ban of a wide range of subsidies (WTO [1995]) and
conclude that these strict rules "may ultimately do more harm than good
to the multilateral trading system". Proposition 1 supports this view. Re-
mark goes further and stresses the potential importance of subsidies in trade

"It is quick to check that the strict inequality holds.
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agreements by showing that a ban of subsidies may actually prevent any
efficiency-enhancing agreement.

This section has made a case for the protection of import competing sectors
through subsidies and tariffs. Rodrik [1995] identifies an ”anti-trade bias”
in trade policy, in the sense that policy instruments typically tend to hinder
rather than to promote world trade flows. Attempts to explain it usually
take a political economy-approach and rely on rather specific assumptions
(see Limao and Panagariya [2002]). This section’s results suggest that an
anti-trade bias may be needed to make trade agreements self-enforcing and
suggests that trade barriers be reassessed upon their value to reduce defection
incentives.

2.4 Changes in Comparative Advantage

The previous section made the case for the use of subsidies to sustain self-
enforcing trade agreements. This section will set the finding in a dynamic
context in which productivities are changing over time.

As pointed out in connection with the SEC (2.13), a deeper pattern of com-
parative advantage (i.e. a larger parameter b) raises the value of cooperation
more than the value of defection and makes free trade more likely. The
present section takes a dynamic approach to this point and shows how a
carving in of the comparative advantage can lead to gradual trade liberal-
ization and explain the protection of declining industries. In a simple but
suggestive way it will remove the assumption that the pattern of comparative
advantage is constant over time. In a first step, the comparative advantage
is assumed to deepen exogenously, i.e. independent of the trade policies
the countries engage in. A single anticipated jump in export productivi-
ties leads to a gradual reduction of trade barriers, which sets in before the
date of the technology change. Under the optimal dynamic agreement, the
import-competing industries decline in the period of gradual trade liberal-
ization. Consequently, the protection of declining industries can be part of
an optimally designed trade agreement.

A second step connects the increase in the comparative advantage to a simple
learning by doing process. When the deepening of comparative advantage
takes place conditional on trade cooperation, agreements that eventually al-
low free trade may indeed require the transitional use of subsidies in favor of
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import-competing industries.

2.4.1 An Exogenous Deepening of Comparative Ad-
vantages

In a repeated game where future gains form cooperation make players re-
spect agreements at present, all upcoming events enter today’s participation
constraint. If for example some event increases gains from cooperation from
tomorrow on, tomorrow’s cooperation will be deeper and more beneficial.
But this also increases today’s value of respecting the agreement which, in
turn, relaxes the present self-enforcement constraint and allows some degree
of trade liberalization today already. The liberalization process is therefore
gradual.

To explore this argument formally, assume that the productivity in the ex-
porting sector, b, increases with a single exogenous jump at some future date
to. Such a process {b;} is described by

. Qift<to
bt_{Ez’ftZto (2.17)

with b > b > 1. Rational agents anticipate this jump.

To save notation, drop the superscripts (4) and simply write (T,y) for the
trade agreements. Further, for a given parameter b define the gain from
defection relative to Nash outcome as 6(T, y; b) = u” (T, y,b) —u¥(b) and the
gain from cooperation relative to Nash outcome as £(T,y;b) = u(T,y,b) —
u™N (b). The participation constraint at time ¢ can then be written as

0T, yr; be) < Z BTE(Tetr, Yo berr)

T>t

As an increase in b was shown to relax the static free trade self-enforcement
constraint (2.13), it is possible to assume that free trade is sustainable under
b but not under b:

_ 1 _ 1
5(1,0:8) < T—5(1,0:5) 5(1,050) > ———=€(1,0:)

Then, assuming that ty is far enough in the future, free trade is not sus-
tainable at ¢ = 0. So there must be a time t; < ¢y such that free trade is
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sustainable ever after

1 — ﬁto—t’ Bto—t’ _ ,
: < — : —&(1,0; >
6(1707bt1) = 1_6 £<1707é)+ 1_65( 707b) 13 —tl
but at ¢t; — 1 it is not:
1— 6t0_tl+1 Btoft’+1 3
. - = . 1.0:
5(170,1),5171) > 1_5 5(1707Q)+ 1_5 5( 707b)

Suppose again that countries always implement the efficient symmetric sub-
game perfect trade agreement. This means that from time ¢; onwards laisser-
faire policies (T, y) = (1,0) prevail. At time ¢; — 1, the optimal trade agree-

ment maximizes cooperation utility u®(T},_1,%;,—1) subject to
0(To—1,yt-150) = E(Tho 1,4 -130) < B BTE(L, 05 by, 4r) (2.18)
7>0

Note that by construction of ¢; the constraint must be binding such that the
value function of this maximization problem is less than under laisser-faire,
u®(1,0), and consequently the gains from cooperation will be less

5(7}1*1; yt1*1;b) > g(Ttuyh;l_)) = 5(17 07b> (219)

The outcome of the maximization problem deliver the policy functions (73, 1, y¢,—1)
for time ¢; — 1. At time ¢; — 2, governments take (T}, 1, 1) as given to cal-
culate the optimal sustainable trade agreement, maximizing u“ (T}, _2, ¥s,2)

s.t.

5(7}1—27%1—2;@) - 5(ﬂ1—2yyt1—2;b) < 5§<ﬂ1—1,yt1—1;[_?)
+6 ZTZO ﬁTS(la 0; bt1+T)

Note that by (2.19) the RHS of (2.20) is larger than the RHS of (2.18) so
the self-enforcement constraint at time ¢; — 2 (2.20) is tighter than at time
t; — 1 (2.18). Consequently, the trade agreement at time t; — 2 (T3, 2, Ys, —2)
is less liberal than the one at t; — 1 (73,1, %, -1)- An induction argument
completes the proof that, going backwards in time from ¢; onwards the trade
agreement gets gradually less liberal.

It is quick to check that at each time, the optimality conditions for the trade
agreements are identical with those of the problem (2.15). As both policy
functions 74 and y* of the maximization problem (2.15), are decreasing in
the value function u® (see appendix), tariffs and subsidies gradually grow
smaller and eventually vanish. This finding is summarized in the following

(2.20)
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Proposition 2 An anticipated exogenous deepening of comparative advan-
tage at time t, increases the anticipated gains from the trade agreement.
Thereby, it relaxes the self-enforcement constraint even before date t, and
consequently trade is liberalized gradually. During the liberalization period
declining industries are protected.
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Figure 2.2: Optimal Trade Agreements and Gradualism

The proposition has two parts, which address gradualism of trade liberaliza-
tion and the protection of declining sectors. While the finding of gradualism
essentially repeats the result of Devereux [1997], the novel and interesting
part of Proposition 2 is the fact that optimal trade agreements protect declin-
ing industries through tariffs and subsidies.

Figure 2.2 illustrates these dynamics. The jump of b allows for free trade
after the date t,. The anticipated increase in the gains from cooperation
allow trade liberalization already before that date. The more distant £, is, the
heavier accruing gains are discounted and the higher is intervention through
tariffs and subsidies.

Protection of declining industries is usually explained by political economy
arguments. The contraction of an industry, a standard argument runs, is
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followed by a decrease in lobbying activity, which in turn leads to less pro-
tection and further decline (see Hillman [1982]). The explanation developed
here, in contrast, relies on purely welfare-maximizing governments. Here, the
reason for a stepwise reduction of protection does not come from the desire
to cushion or reduce political resistance but it is an optimal policy because
the self-enforcement constraint impedes to let them go at once. Some sectors
simply have to be protected in order to guarantee self-enforceability of the
agreement and as the self-enforcement constraint relaxes stepwise, they are
gradually faded out.

The next part will explore the situation where the deepening of comparative
advantage is conditional on trade cooperation.

2.4.2 Comparative Advantage and Learning by Doing

With a simple example, the following part highlights the prominent role sub-
sidies can play in trade agreements. It shows that the transitional engage-
ment in subsidies may be necessary in order to reach a free trade agreement.
The mechanism draws on a learning by doing process combined with the
Remark to Proposition 1 From Section 3. The learning by doing process
can be such that a minimum degree of international specialization may be
required for the comparative advantage to deepen. In addition, as the above
remark states, subsidies might be indispensable to reach any kind of cooper-
ation. Thus, cooperation, deepening of comparative advantage, and finally
free trade may be reached through subsidies only. Consequently, if subsidies
are banned altogether, the only sustainable outcome is an everlasting trade
war.

Assume that there is sector-specific disembodied knowledge x* (z = z,y),
which accumulates through learning by doing. However, there has to be
a minimum level of activity in each sector for the stock of knowledge to
increase®. In particular, assume that evolves according to

B B g af z>b/(b+1
Ky = Ky T & etZ{ 0 e{set /( ) (2.21)

8This assumption can be motivated in various ways. As one possible example, suppose
that each period workers meet and talk. Talking creates insights and knowledge if and
only if there is a critical mass of experts present - or a share of b/(b+ 1) . This leads to
(2.21).
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in Home and equivalently in Foreign. Finally, suppose that the stock of
knowledge affects the aggregate productivity in the following simple way”:

o [ bifKT>E N JaifrY>E
b(lﬁ))—{b clse and a(/{)—{ 1 else (2.22)

Under these conditions, there is will be no improvement in technologies under
trade war since ¢, = 0. However, under international specialization the
stock of knowledge in the exporting sector grows and pattern of comparative
advantage deepens at some date ty. The situation is now the same as in
the previous subsection with the jump in export productivities according to
(2.17) with the only difference that the jump in b is conditional on trade
integration.

When initially b and 3 are such that 8 < 8" (b) (compare (2.16)) and t, is
far in the future, the effect of the additional gains on the self-enforcement
constraint is negligible. Thus, the self-enforcement constraint is essentially
the static one (2.13) and no efficiency-enhancing trade agreement is feasible
without the use of subsidies. If in such a world subsidies are prohibited,
no trade agreement will be put in place and consequently the technologies
are not improving. All parameters remain constant over time and countries
have no choice but living under a non-cooperative trade regime. However,
when countries have the possibility to subsidize, a moderate liberalization
will take place initially. This leads to some degree of specialization and by
(2.21) the knowledge in the respective export-technologies starts to grow
in every consecutive period, eventually leading to the jump in technologies.
If the impact of the technology is large enough, it will lead to free trade
(BT (b) < B - compare (2.14)). Repeating the logical steps that led to
Proposition 2, one derives the following

Proposition 3 Under learning by doing as in (2.21) and (2.22) and as-
suming that 557 (b) < B < M(b), any self-enforcing trade agreement that
eventually leads to free trade necessarily implements subsidies temporarily.

This example illustrates that, somewhat paradoxically, certain sectors may
decline and give way to liberalization only if they are temporarily protected.
Countries that fear dependence on imports of essential goods may refuse to

9 Assume e.g. that a certain amount of sector-specific knowledge is needed to adopt a
new technology that makes b jump from b to b.
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enter trade agreements when they are not allowed to promote the domestic
production of these goods by industry policies. However, if the agreement
leaves this door open to them, they may partially open to trade, which sets
them on the track that eventually leads to complete liberalization.

This sections made a strong case for the use of subsidies in trade agreements,
pointing out some beneficial effects it can have in a competitive world. The
results are in line with Bagwell and Staiger [2000] who argue that the ban-
ning of subsidies by the WTO "may ultimately do more harm than good
to the multilateral trading system". It is useful, however, to highlight the
qualifications of such reasoning. The next section will do so by highlighting
the role of a flexible industrial structure.

2.5 Rigid Output Structure and Commitment

It was pointed out in sufficient detail that the previous sections’ results re-
quire strong discounting and the imported goods to be essential. But there
is another, less explicit assumption, which is crucial for the results. This as-
sumption concerns the pace the two different policies can be adjusted with.
In the previous sections, subsidies were modelled as flexible enough to be
changed from period to period. In particular, the time to change tariffs and
subsidies was assumed to be identical. Moreover, the policies’ effects on the
production structure were assumed to be immediate — adjustments in tariffs
were supposed to take the same time as the birth and death of a country’s
entire industry. While for some highly flexible industries these assumptions
can make sense, their general validity can surely be questioned.

An adjustment of national industrial structure can for instance be delayed
because firms may time to build production capacities and thus cannot react
immediately on policy changes. But policy changes that target industrial
structure may by itself be slower than tariff adjustments: In its definition
of subsidies, the WTO [1995] includes the public supply of sector-specific
infrastructure which generally takes time to build. Moreover, as Rodrik
[1995] points out, institutions tend to facilitate the use of revenue-generating
policies (e.g. tariffs) compared to expenditure-generating ones (e.g. subsides)
since the latter involve budget approval by different administrative bodies. In
sum, when time-to-build and institutional or legal delays are not negligible,
output structure of an economy is long-lived and slow to react on policy
changes.
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Reflecting these considerations, the present section treats the case where the
horizon to change a country’s patterns of production ((z,y),(z*, y*)) is much
more lengthy that the horizon of a tariff-change. It will become apparent
that this change is not innocent and grossly qualifies the previous results.

2.5.1 Rigid Output Structure and Free Trade

Assume in the following that tariffs and subsidies can be changed in every
period t € N. Suppose also, as in the previous sections, that whenever
a government defects on a trade agreement, all other actors in the world
economy, including firms, are taken by surprise and are unable to react on
the spot. But unless the previous section, all firms are now assumed to
need time to adjust production capacities such that output structure reacts
with a time lag and does not change before L periods after a defection.
Consequently, a defection at time ¢ on a trade agreement (y*, T4) is followed
by a trade war containing two different phases: up to period t+ L, cooperative
output patterns (y*, z#) are unchanged but tariffs are set according to (2.8),
rendering a punishment utility u”. After that date strategies (2.10) prevail
and utilities are as in (2.11). In a time-invariant setting, the trade agreement
(y*,T4) is then self enforcing when condition (2.12) holds:

1 uP<yA TA) + 6L+1 UN
1-p ’ 1-p

With the best response tariffs (2.8) one can now calculate that a defection

on a free trade agreement ((y*,74) = (0,1)), is followed by a punishment

utility «” = 0. Since u® = b/2 and u” = b//2 as in section 3, the self

enforcement constraint becomes

uC(yh, T4 = uP (", T +

V2 -1
= V2 —268"uN /b

For L = 0 this condition coincides with (2.14). It becomes less and less strict
with increasing L and is is least demanding for L. — oo. This leads to the
following

Proposition 4 The less flexible the output structure, the more likely is the
free trade to be self-enforceable.
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Proposition 4 illustrates the virtues of mutual dependence that arises when
countries are heavily dependent on imports even after a breakdown of coop-
eration. By making defection less attractive, such mutual dependence serves
as a commitment device and makes free trade sustainable when it would
not be under more flexible output patterns. In fact, the deliberate destruc-
tion of capacities in import competing sectors may be an adequate policy by
generating this dependency.

But can a sovereign country be expected to deliberately enter dependence
to other nations? Although such a move seems not very likely at the first
glance, this is a standard interpretation of what happened at the foundation
of the European Coal and Steel Community (ECSC), the cooperation that
laid the basis of the later European Union. The pooling of the essential goods
steel and coal was meant to create a mutual dependence between the western
European member nations that made future cooperation indispensable (see
Gillingham [1991]). The strategic value of mutual dependence was pointed
out in the Declaration of 9 of May by emphasizing that "[t]he pooling of
coal and steel production... will make it plain that any war between France
and Germany becomes not merely unthinkable but materially impossible."

2.5.2 Subsidies and Rigid Output Structure

The remainder of this section analyzes how subsidizing import-competing
sectors impacts the self-enforcement constraint. It will be shown that Propo-
sition 1 does not generalize under the persistent industrial structure assumed
here. To analyze this scenario, use (2.4) and (2.9) to calculate the punishment
utility «” under a symmetric output structure:

V(/y—1)

Vo(1/y—1)+1

As can be read from (2.23), small amounts of domestic production of the
essential imported good make a trade war less threatening. Obviously, with
the adequate production capacities at hand a trade war does not seem so
bad. But a increase in punishment utility increases the value of defection and
thereby tends to tighten the self-enforcement constraint, making cooperation
less likely.

This remarkably opposes the finding from Proposition 1. Of course, the ef-
fect isolated here is not the only one and the force described in the previous

u” = (b(1 —y) +y) (2.23)
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sections that relazes the self enforcement constraint with import-competing
production is still present. However, it can be shown that the negative ef-
fect prevails at the margin such that small amounts of import competing
production unambiguously tighten the self-enforcement constraint. The con-
sequence is the following

Proposition 5 Under rigid output patterns, small amounts of subsidies for
import competing sectors unambiguously tighten the self-enforcement con-
straint and the optimal trade agreement either employs subsidies in large
amounts or not at all.

Proof. See Appendix. B

Figure 2.3 illustrates the finding of the proposition. In the top panel, there
are now three different ranges for the discount factor. At high levels, the
economy is undistorted under the optimal agreement. For intermediate val-
ues, free trade is not sustainable but only a moderate relaxation of the self-
enforcement constraint (2.12) is required. For those small relaxations a pro-
motion of the import-competing sectors is inadequate since it optimally is
either null or big time. For even lower [ positive tariffs are not enough to
make a trade agreement self-enforceable and both, tariffs and subsidies, are
employed in positive quantities.

It is worth stressing that the disciplinary forces in Propositions 1 and 5 are
very distinct. When tariffs and output patterns are equally quick to change,
stimulating small quantities of domestic production of the imported good
reduce the foreign country’s incentives to defect on the agreement. In the
case of rigid output patterns, the commitment device aims to tie ones hands
and is directed against the own defection incentives. The two effects highlight
the fact that to sustain trade agreements, at least one of the two is needed:
one-time defection has to appear little attractive or future consequences of
defection must be severe.

This last section has drawn the attention to one limitation of this chapter’s
main argument. It has illustrated how mutual dependence fosters coopera-
tion by making defection very costly for all sides. At the same time, it has
offered an alternative view on the WTO’s strict ruling on subsidies and qual-
ified Bagwell and Staiger’s [2004] assessment that "WTO subsidy rules may
ultimately do more harm than good to the multilateral trading system". One
might hope, in the spirit of this section, for a sufficient degree of symmetry
among countries (and among goods), such that impeding subsidies fosters
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Figure 2.3: Optimal Trade Agreements Under Rigid Output Structure

mutual dependence and eventually makes it impossible for countries to opt
out of the world trading community, driving trade cooperation ahead. A
more pessimistic conclusion of the current section predicts cartel formation
on the world market coming along with a further international specialization
due to the ban of production subsidies - or alternatively, if such a scenario
is rationally foreseen, the halt or setback of trade liberalization because of
fears of such a scenario.

2.6 Conclusion

This chapter has argued that in a world where governments are maximizing
social welfare and in absence of interest groups, the use of subsidies can be
part of a optimal strategy that makes international trade agreements self-
enforcing. Optimal interventions must favor comparatively disadvantaged,
import-competing sectors. The distortions the interventionist policies create
are the price that must be paid to prevent severer damage from a trade war.
Preconditions for these results are low elasticities of demand of the import-
goods, strong discounting of future benefits, and flexibility in the industrial
structure of countries. A dynamic extension of the model has introduced a
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simple learning by doing process and provided a rationale for the protection
of declining industries.

A final extension of the model has drawn the attention to the role of the
flexibility of the industrial structure. When output patterns are slow to
change, mutual dependence can serve as a commitment device, encouraging
adherence to an agreement. In this case the stimulation of import competing
sectors may even undermine trade agreements, and deliberate creation of
mutual dependence through a policy that works against import-competing
sectors fosters free trade.
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Appendix Chapter 2

I. The Nash Equilibrium. Prove that (2.10) describe a Nash Equilibrium
of the problem (2.7).

Note that by fixing minimum output in both sectors, Home can choose its
output pattern (y,x) directly. Consequently, the program (2.7) is equivalent
to maximizing (2.4) over 7" and y subject to (2.5) and the resource constraint:

e [ EFup VT
T,y \/2_? T—|—1

) s.t. (2.5) and z=0b(1—y) (A1)

Dealing with the two-dimensional maximization problem requires in general
the calculation and evaluation of the Hessian. This is a route that one should
try to avoid. Fortunately, a unique and closed form solution the best response
function of the tariff has been derived by Kennan and Riezman [1988] and
can be replicated by establishing the FOC w.r.t. tariff T’

pY 1\ d 1 1
—— =1 — ——— =0
(x—i—py 2> aT n(p)+2T T+1

Using (2.5) gives

i In(p) = ¥ T* B y(T* + 1)+ y* (A2)
dT T (T+ 1) +x(T*+1) yT'(T*+1)+y*(T+1)
and leads to
y* o+ a(l14+1/T%)
(T, x*) =] =" A3
(T",27) \/x v +y(T*+1) (A3)

Whatever the best strategy of output may be, (A3) establishes the unique
best response tariff. To derive the optimal output (y,x), use x = b(1 — y)
and set du/dy = 0:

p 1L (py—x\ d
- —1 =0 A4
x+py+ 2 (x+py) dy u(p) (Ad)

The derivative of the price (2.5)

i .. —H(T* +1) T +1)
d_y ln(p) = aj*T*(T T 1) T l‘(T* + 1) - yT(T* + 1) + y*(T -+ 1) (A5)
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which gives

o(T*+ 1)+ a* = b(y(T* + 1) + y*)
xy(T* + 1) + xy* + yo*
_ T +1 b T +1
y(T*+1) +y*(1+1/7) * o(T*+ 1)+ x*T*(T + 1)

0 = 2

This is a necessary condition an (interior) Nash equilibrium has to satisfy.
For a potential symmetric equilibrium (7' = T*, y = z*), it implied
max{7 + 2 — b; 0}

YW T+ ) -2 T (46)

(Note that for the relevant range (b > 1 and 7" > 1) the denominator is
positive as long as the numerator is so.) Finally, (A3) and (A6) together give

1 N b

SO B

(A7)

To complete the proof that (A7) in fact determines a Nash Equilibrium, set

Foreign variables according to (A7), i.e. 7% = b and z* = ﬁll Writing
further the short-hand p = ry/ry with 1y = b(T + 1) + z(b+ 1)* and r, =

V(T + 1) +yT(b+ 1)2, equations (A4) and (A5) give

2 (bry — 1) = (b+1)%(bry + Try) (£ _ 2)

2 N
The LHS of that equation is increasing in y while the RHS is decreasing in y
((brg+Try) and z/ry — y/r are positive and decreasing in y). As the choice
variables are restricted to a compact set (y,7) € [0,1] x [1,2b] (see (A3)),

this proves that the unique optimal response on 7" = b and z* = ﬁll for
Home is given by (A7). B

I1. Proof of Proposition 1. First step: y* > 0 and 7% > 1 when the SEC
binds.

Setting y = 1* = y* and using equations (2.4), (2.5), and (A3), one gets

Egzln(uD)yA_O__——x;3K4—o(1/\/§Z) (A8)
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where ¢, is positive and a constant in y*. Taking derivatives of the RHS of
(2.13) delivers

d d (l_uc—uN)_ 1 du® u® —uN  duP

—RHS = — - ) ==
dyA dyA UD _ uN U,D _ UN dyA + (UD _ UN)2 dyA

Since du® /dy” is finite, this derivative must be negative and unbounded at
y* = 0. Thus, small amounts of import-competing production relax the
SEC at a cost-benefit ratio of zero. Consequently, the problem (2.15) has
an interior solution, i.e. y* > 0, as soon as the SEC binds. As further

du®/dT4 = 0, one has

d u® —uN  duP
——RHS = <0
dTA TA—1 (uD — UN)2 dTA TA—1

one gets that small tariffs relax the SEC at a cost-benefit ratio of zero and,
by the same logic as above, T4 > 1 when the SEC binds.

Second step:.y4 and T4 are non-decreasing in f3.
First define the differences between cooperation and trade war utility, and
between defection and trade war utility as

AC(yAa TA) = UC(yA7 TA) - UN
AD(yAa TA) = uD(yAa TA) o UN

When the constraint binds (i.e. when (1 — 8)AP — AY = 0), the solution
(y4,T4) is interior and can take derivatives implicitly to get

dy*  AP/AC
dB ~ ACJAC —ADJAD

(A9)

Now, (2.4) gives dAY /dy”* < 0. Using this, d(A°/AP)/dy”* < 0 contradicts
optimality of the trade agreement such that d(A®/AP)/dy* > 0 must hold.
Together with AY, AP > 0 this proves that (A9) is negative. The equivalent
reasoning for optimal tariffs 74 leads to d74/d3 < 0.

Third step. Subsidies go to the import competing, not to the export com-
peting sector.
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At 3 = 0 the optimal sustainable tariff is TV = b. Since dT/dS < 0, this
means that 74 < b for 3 > 0. As p = 1 in the symmetric equilibrium, one
gets pT* < b. With (2.6) this proves the statement and completes the proof
of Proposition 1. H

ITI. Proof of Proposition 5. Verify that

1
(v

with ¢; > 0. Since du®/dy” increase at a higher order than du®”/dy? de-

creases, one gets
d [(uP —u’
dyA \ uP —uf

In other words, small amounts of import-competing production tighten the
SEC. Further, they induce efficiency losses. This proves the proposition. B

d
_uP<TA7 yA) =

i o)) (410)

y4=0
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