Leapfrogging in International Competition:
A Theory of Cycles in National Technological Leadership

By ELise S. Brezis, PAuL R. KrRuGMAN, aND DANIEL TsiDDON*

Endogenous-growth theory suggests that technological change tends to reinforce
the position of the leading nations. Yet sometimes this leadership role shifts. We
suggest a mechanism that explains this pattern of “leapfrogging” as a response
to occasional major changes in technology. When such a change occurs, the new
technology does not initially seem to be an improvement for leading nations,
given their extensive experience with older technologies. Lagging nations have
less experience; the new technique allows them to use their lower wages to enter
the market. If the new technique proves more productive than the old, leapfrog-
ging of leadership occurs. (JEL F12, F43)

In recent years the “new growth theory,”
which emphasizes the role of nonconvexities
and external economies in the growth pro-
cess, has increasingly focused on the inter-
relationship between trade and growth—
and in particular on the possibility of eco-
nomic divergence between nations. The
mechanism emphasized by such authors as
Robert Lucas (1988), Alwyn Young (1991),
Paul Romer (1990), and Gene Grossman
and Elhanan Helpman (1991) is essentially
an updated version of the traditional idea of
uneven development. Suppose that some
sectors generate more endogenous techno-
logical progress than others, say through
learning-by-doing. Then a country that has
acquired a comparative advantage in such
technologically progressive sectors for what-
ever reason, will tend to reinforce that ad-
vantage over time and thus to establish a
growing lead over less lucky rivals.

In spite of recent claims that the process
of international growth is typically marked
by convergence rather than divergence, (see
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e.g., Robert Barro and Xavier Sala-i-Martin,
1991) it is easy to think of historical episodes
in which a cumulative process of divergence
does seem to have been at work; one need
only think of England’s growing industrial
leadership in the early phases of the Indus-
trial Revolution, or America’s widening lead
in the first half of the 20th century. Yet
while individual countries have established
long periods of economic and technological
leadership, such periods of dominance are
not forever. The early modern preeminence
of the Dutch was ended by the rise of
England; England’s preeminence was ended
by the rise of America and Germany; and
we may be seeing the United States over-
taken by Japan (see Table 1).

Such economic and technological “leap-
frogging” could be essentially random: lag-
ging countries may simply get lucky, and
leading countries get unlucky. Historians
have often suggested, however, that a more
systematic process is at work, in which the
very success of the leading country at one
stage of economic development prevents it
from taking the lead in the next.

Why should success breed failure? One
might appeal to sociological factors; or one
might, like Mancur Olson (1982), suggest
that a successful nation is bound to accumu-
late institutional rigidities that eventually
cripple its economic performance. In this
paper, we want to suggest a more narrowly
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TaBLE 1—GDP Per Carita AT 1970 U.S. PricEs

Year Netherlands United Kingdom United States Japan
1700 440 288

1820 400 454 372 251
1870 831 972 764 251
1950 1,773 2,094 3,211 585
1979 4,396 3,981 6,055 4,419

Source: Angus M. Maddison (1982 p. 8).

economic explanation, based on a hypothe-
sis about the nature of technological change.

We suggest that technological change is
of two kinds. Most of the time technology
proceeds incrementally, by gradual im-
provement of methods within a well-under-
stood framework. This “normal” technical
change is likely to proceed largely through
learning-by-doing and will tend to occur
most rapidly in those countries with estab-
lished advantages in technologically pro-
gressive sectors. At intervals, however, there
are major breakthroughs that change the
nature of technology fundamentally. Such
major breakthroughs require that nations
start fresh.

When a new technology becomes avail-
able, however, it may not seem much better
initially than the old one—and to a nation
that has established a commanding lead in
the old technology, it may well seem worse.
Thus 18th-century Holland, with its estab-
lished lead in shipping, banking, and trad-
ing, was not attracted by the prospects for
cotton spinning; it was the somewhat poorer
English who moved into the new area and
exploited its eventually far greater poten-
tial.

Such a failure to take advantage of new
technologies may seem in retrospect like
shortsightedness. In fact, however, it may
have been a fully rational decision from the
point of view of individual entrepreneurs. A
country with an established lead will be a
high-wage nation;! new technologies or in-

"The Netherlands remained a distinctly richer and
higher-wage nation than England as late as the time of
The Wealth of the Nations, in which Adam Smith (1776
p. 91) remarked in passing that “The province of
Holland, on the other hand, in proportion to the extent

dustries that are initially less productive
than the old are therefore not profitable. It
is only in a lagging nation, where the old
technology is less well developed and hence
wages are lower, that the new, relatively
untried techniques seem attractive.?

This relationship between high wages in
leading countries and the failure to switch
to sectors with higher productivity was men-
tioned by Angus Maddison (1982 p. 33). On
the turning point between the Netherlands
and the United Kingdom, he notes that
“there seems little doubt that a contributory
factor to Dutch decline in the 18th century
was that the currency was overvalued”; simi-
larly, in describing the switch from Britain
to the United States, he underlines that “At
the time it was overtaken by the USA, there
were strong signs that the UK was growing
at less than its potential because its cur-
rency was over-valued.”?

In this paper we develop a simple formal-
ization of these ideas, using a minimalist
two-country model of trade and growth. The

of its territory and the number of its people, is a richer
country than England... . The wages of labour are said
to be higher in Holland than in England.”

“There is an industrial-organization literature on
“leapfrogging” among firms; the key concern of this
literature is with the possibility that established
monopolists may systematically have less incentive to
innovate than potential rivals and thus may in effect
eventually cede technological leadership. Among the
key papers in this genre are Richard J. Gilbert and
David M. G. Newbery (1982), Drew Fudenberg et al.
(1983), Jennifer F. Reinganum (1983), and Fudenberg
and Jean Tirole (1985). Our leapfrogging mechanism
is, however, quite different; we briefly analyze the
differences in Section V.

3For our purpose, an overvaluation of the exchange
rate is equivalent to overvalued real wages.
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paper is in six parts. In the first part we set
out the basic assumptions of the model. In
the second we describe the conditions of
equilibrium at a point in time. In the third
part we describe the model’s dynamics dur-
ing a period of ‘“routine” technological
progress, where productivity rises only be-
cause of learning within the bounds of a
well-established technology, and show how
such learning tends to “lock in” the role of
the leading nation. In the fourth section we
show how introducing a new technology, for
which experience with the old is not very
helpful, can lead to endogenous leapfrog-
ging, in which the leader is passed by the
erstwhile follower. The fifth part discusses
the relationship between our model and the
industrial-organization literature on leap-
frogging among firms. A final section sug-
gests some conclusions and possible exten-
sions.

I. The Basic Model

We consider a world of two countries,
Britain and the United States. There are
two kinds of goods: a technically stagnant
good (food) and a set of technically progres-
sive manufactured goods. Labor is the only
factor of production, and we assume that
the two countries have equal labor forces L.

In the food sector we suppose that there
are constant returns to scale, with the pro-
ductivity of labor the same in both coun-
tries. Without loss of generality, we set the
productivity of labor in food production
equal to 1. Thus the outputs of food in
Britain and America, respectively, are:

(1) Or=Lg
(2) OF = L

where Ly and L% represent the employ-
ment in food production in the two coun-
tries.

Manufactures consists of a series of in-
creasingly sophisticated generations of
goods, which for simplicity we assume to be
perfect substitutes. Production within each
generation of the sequence is subject to
external learning effects, which are spe-
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cific to each country. This assumption of
country-specificity of learning is crucial to
the model and therefore needs some justi-
fication.

The essential argument for national
specificity of learning is that much knowl-
edge—and especially the kind of knowledge
that arises from experience within a particu-
lar technological universe—is hard to codify
and is transmitted largely through personal
contact. One can hardly improve on Alfred
Marshall’s (1890 p. 271) description of the
reasons why improvements in industry tend
to occur best when those industries are geo-
graphically localized: “When an industry has
thus chosen a locality for itself, it is likely to
stay there long: so great are the advantages
which people following the same skilled
trade get from near neighborhood to one
another. The mysteries of the trade become
no mystery; but are as it were in the air....
Good work is rightly appreciated, inventions
and improvements in machinery, in pro-
cesses and the general organization of the
business have their merits promptly dis-
cussed: if one man starts a new idea, it is
taken up by others and combined with sug-
gestions of their own; and thus it becomes
the source of further new ideas.”

Modern geographers, such as Allen J.
Scott (1988) and Michael Storper (1992),
have provided considerable evidence that
innovative industries tend to thrive in geo-
graphically concentrated districts within
which personal, face-to-face contact is rou-
tine. This is a theme that is central to the
influential recent work of Michael E. Porter
(1990).

Indeed, such is the localization of techno-
logical innovation that we should arguably
offer a model of regional or even urban
rather than national leapfrogging. We in-
tend to pursue this line in future work. In
this paper, however, we treat countries as if
they were natural untis, both for labor mo-
bility and for information diffusion.

Returning to the model: we let Q.(¢) be
Britain’s rate of output of the manufactured
good of generation i at time ¢; then for the
current output we have

3) Qi(T)=Ai(Ki(T))Li



