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We present a model of technologically interconnected countries that
benefit and potentially contribute to advances in the world technology
frontier. Greater inequality between successful and unsuccessful entre-
preneurs increases entrepreneurial effort and a country’s contribution
to that frontier. Under plausible assumptions, the world equilibrium is
asymmetric, involving different economic institutions and technology
levels for different countries. Some countries become technology lead-
ers and opt for a type of “cutthroat” capitalism with greater inequality
and innovations, while others free ride on the cutthroat incentives of
the leaders and choose a more “cuddly” form of capitalism with greater
social insurance for entrepreneurs.
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Not only are the countries of the West richer because they
havemore advanced technological knowledge, but they have
more advanced technological knowledge because they are
richer. And the free gift of the knowledge that has cost those
in the lead much to achieve enables those who follow to
reach the same level at amuch smaller cost. Indeed, so long
as some countries lead, all the others can follow, although
the conditions for spontaneous progress may be absent
in them. That even countries or groups which do not pos-
sess freedom can profit frommany of its fruits is one of the
reasons why the importance of freedom is not better under-
stood. For many parts of the world the advance of civiliza-
tion has long been a derived affair, and, with modern com-
munications, such countries need not lag very far behind,
though most of the innovations may originate elsewhere.
How long has Soviet Russia or Japan been living on an at-
tempt to imitate American technology! So long as some-
body else provides most of the new knowledge and does
most of the experimenting, it may be possible to apply all
this knowledge deliberately in such a manner as to benefit
most of the members of a given group at about the same
time and to the same degree. But, though an egalitarian
society could advance in this sense, its progress would be
essentially parasitical, borrowed from those who have paid
the cost. (Friedrich von Hayek, The Constitution of Liberty,
2006, 42)

I. Introduction

The costs and benefits of the American (or more broadly Anglo-Saxon)
economic system compared to its European counterpart are much de-
bated. To its proponents, US institutions, which tolerate or even encour-
age greater economic inequality, are at the root of its innovative econ-
omy, technological leadership, and high level of per capita income (see
Acemoglu, Robinson, and Verdier [2012] for evidence).1 To its critics,
the inequality and the economic uncertainty they create more than off-
set any efficiency gains that the US economic system may create (and

1 For example, the top 1 percent of earners in the United States account for about
23.5 percent of national income, while the same number is 10 percent in Sweden, 11.1 per-
cent in Spain, and 12.7 percent in Germany; when capital gains are excluded, it is 9.25 per-
cent in France, 8.3 percent in Finland, 6.1 percent in Denmark, 8.5 percent in Norway, and
9.9 percent in Italy (Atkinson, Piketty, and Saez 2011).
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many also doubt that there are such major efficiency gains). Implicit in
much of this debate is the notion that countries can switch to which-
ever type of economic system is superior—provided that this is known
and other political economy constraints are overcome.
A more sophisticated version of this view is developed in the literature

on “varieties of capitalism” pioneered by Hall and Soskice (2001). These
authors argue that a successful capitalist economy need not give up on
social insurance to achieve rapid growth. They draw a distinction between
a coordinated market economy (CME) and a liberal market economy
(LME), and suggest that both can have high incomes and similar growth
rates, but CMEs have more social insurance and less inequality. Different
societies develop these different models for historical reasons, and once
set up, institutional complementarities make it very difficult to switch
from one model to another. Nevertheless, an LME could turn itself into
a CME by simultaneously reforming many interwoven economic institu-
tions, and if it succeeded in doing so, it would lose little in terms of in-
come and growth and gain significantly in terms of welfare.
In this paper, we suggest that in an interconnected world, such a switch

may have much more far-reaching consequences because there are rea-
sons for world equilibrium to be asymmetric. It may be precisely themore
“cutthroat” American economic institutions that make it possible for
more “cuddly” economic institutions to emerge in other parts of the world,
for example, in Scandinavia or continental Europe.
The basic idea we propose is simple and echoes Hayek’s quote with

which we started. The main building block of our model is technological
interdependence across countries: innovations, particularly by the most
technologically advanced countries, contribute to the world technology
frontier, and other countries can build on this frontier.2 We combine this
with the idea that innovations require incentives for workers and entre-
preneurs (Acemoglu, Akcigit, and Celik 2014). The well-known incentive-
insurance trade-off (e.g., Hölmstrom 1979) implies that a society strongly
encouraging innovation will have greater inequality (especially among
entrepreneurs). Crucially, however, in a world with technological interde-
pendences, when one society (or a small subset) is at the technological
frontier and is contributing disproportionately to its advancement, the
incentives for others to do so will be weaker. The reason is that innovation
by followers will create only a “level effect” since the world technology

2 Such knowledge spillovers are consistent with broad patterns in the data and are often
incorporated into models of world equilibrium growth. See Coe and Helpman (1995), Kel-
ler (2001), Bottazzi and Peri (2003), and Griffith, Redding, and Van Reenen (2003) for
some of the cross-industry evidence; and see, among others, Nelson and Phelps (1966),
Howitt (2000), and Acemoglu, Aghion, and Zilibotti (2006) for models incorporating in-
ternational knowledge spillovers.
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frontier is already being pushed forward by advanced economies, while
innovation by the technology leader(s), given its impact on the world
technology frontier, has a “growth effect,”motivating it (them) to choose
high-powered incentives for innovation. This logic underlies the asym-
metric nature of world equilibrium. Yet because innovation is associated
with more high-powered incentives, the technology leader(s) will have to
sacrifice insurance and equality. The followers, on the other hand, can
best respond to the technology leader’s advancement of the world tech-
nology frontier by ensuring better insurance to their population, for ex-
ample, in the form of greater equality among entrepreneurs. As a result,
the followers, though technologically less advanced and poorer in terms
of income per capita, may achieve higher welfare because of the better
risk sharing and insurance they provide to their citizens.3

The bulk of our paper formalizes these ideas using a simple model of
world equilibrium with technology transfer. Our model is a version of
Romer’s (1990) endogenous technological change model with multiple
countries (as in Acemoglu [2009, chap. 18]). R&D investments within
each economy advance that economy’s technology, but these build on
the world technology frontier. Incorporating Gerschenkron’s (1962) fa-
mous insight, countries that are further behind the world technology
frontier have an “advantage of backwardness” because there are more
ideas at the frontier that they have not yet incorporated into their tech-
nology. We depart from this framework only in one dimension: by assum-
ing, plausibly, that there is amoral hazard problem for workers (entrepre-
neurs). For successful innovation, agents need to be given incentives,
which will be at the cost of consumption insurance. A forward-looking
(country-level) social planner chooses a reward structure, which corre-
sponds to levels of consumption for successful andunsuccessful outcomes
for entrepreneurs and shapes innovation incentives.
To start with, we focus on the case in which the world technology fron-

tier is advanced only by the technology leader. In this case, when both
the growth benefits from high-powered incentives for innovative success
and the gains from insurance are sufficiently high, the leader will adopt a
“cutthroat” reward structure while other countries free ride on the lead-
er’s innovations and choose a more egalitarian, “cuddly,” reward struc-
ture, at least once they reach a certain level of income and technology.4

3 This observation highlights the parallel between the logic of the dynamic equilibrium
in ourmodel and the asymmetric equilibria in some symmetric static games such as chicken
as well as games of private provision of public goods (e.g., Bergstrom, Blume, and Varian
1986; Cornes and Hartley 2007); where when one player chooses a certain action (e.g., a
high level of contribution), other players may be induced to choose a different action (e.g.,
to free ride by making a low contribution).

4 In particular, somewhat reminiscent of the path pursued by countries such as South
Korea or Taiwan and consistent with a version of the modernization theory (e.g., Lipset
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In the long run, all countries grow at the same rate, but those with cuddly
reward structures are poorer.
Our model therefore challenges the idea implicit in much of the de-

bate on US versus European (or Scandinavian) capitalism. Under the as-
sumptions of our model, we cannot be like the Scandinavians (or like
continental Europeans) because it is not an equilibrium for the cutthroat
leader, “the United States,” to also adopt such a reward structure.5 The
reason is that if, given the strategies of other countries, the cutthroat leader
did so, this would reduce the growth rate of the entire world economy, dis-
couraging the adoption of themore egalitarian reward structures by other
countries. In contrast, followers are still happy to choose more egalitarian
reward structures because this choice, though making them poorer, does
not permanently reduce their growth rates and, as already noted,may even
yield higher welfare than the cutthroat leader.
This result makes it clear that the egalitarian reward structures in the

follower countries are made possible by the technological externalities
created by the cutthroat technology leader. So interpreting the empirical
patterns in light of our theoretical framework, onemay claim (with all the
usual caveats of course) that, for example, themore harmonious and egal-
itarian Scandinavian societies are made possible because they are able to
benefit from and free ride on the knowledge externalities created by the
cutthroat American institutions.
Our results extend to the case in which the world technology frontier

is affected by all countries, provided that the function aggregating the
innovation decisions of all countries into the world technology frontier
is sufficiently convex. This requirement is natural since without convex-
ity of the technology aggregator, innovations by less advanced countries
would be as important for world technological progress as those by more
advanced countries, removing the economic forces that underpin the
asymmetry of world equilibrium.
Finally, we consider an extension in which we introduce domestic pol-

itics as a constraint on the behavior of the social planner. We do this in a
simple reduced form, assuming that in some countries there is a strong
social democratic party (or labor movement) ruling out reward struc-
tures that are very unequal. We show that if two countries start at similar
technology levels, the social democratic party in country 1 may prevent

5 We should emphasize that the relevant aspect of the cutthroat reward structure here is
greater reward for innovation and thus greater inequality among entrepreneurs, not greater
overall inequality or a lack of safety net at the bottom of the income distribution.

1959), our model implies that some follower countries may first adopt cutthroat reward
structures for rapid convergence and then start building more egalitarian institutions once
they have approached the world technology frontier sufficiently and reached a certain level of
income.
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cutthroat capitalism in that country, inducing a unique equilibrium in
which country 2 adopts the cutthroat reward structure, while country 1
enjoys greater welfare. Therefore, a social democratic party, by constrain-
ing the actions of the social planner, can act as a commitment to egalitari-
anism, inducing an equilibrium inwhich the country in questionbecomes
the beneficiary from the asymmetric world equilibrium. This result has
the flavor of the domestic political conflicts in one country being “ex-
ported” to another: as country 1 commits to a cuddly reward structure
and country 2 adopts a cutthroat reward structure in response, unsuc-
cessful entrepreneurs in country 2 are made worse off.
The role of several simplifying assumptions in our analysis should be

recognized at the outset (andwill be discussedmore later). First andmost
importantly, linking technological change to the financial rewards to suc-
cessful innovation is a simplification. Many important innovations are
produced without high-powered incentives, and there are reasons why
innovationmay be encouraged by greater equality (e.g., because of better
risk sharing or because compressed wage structures encourage technol-
ogy adoption; e.g., Acemoglu 2003). These considerations notwithstand-
ing, private innovation naturally responds to profit incentives (a feature
that is the bedrock of the canonical endogenous technological change
model, which we utilize in this paper). Second, in contrast to our model,
Scandinavian and continental European countries are clearly not ex ante
identical to the United States and may have chosen more redistributive
policies not only—or not mainly—as a result of the trade-off between in-
novation incentives and social insurance but because of their political his-
tory or because of greater taste for redistribution or concerns of fairness
among their voters. This does not invalidate our analysis, and such dif-
ferences can be readily incorporated into the preferences of the social
planner without major changes in the formal analysis (but, of course,
the resulting equilibrium will then be even more likely to be asymmet-
ric). More interestingly, our analysis in Section VI shows that in a global
economy there will be a natural complementarity between this type of
preference for redistribution and equilibrium reward structures. For ex-
ample, even a weak preference for redistribution might serve as a selec-
tion device, in the same way that a strong social democratic party does
in Section VI, ensuring that countries with greater preference for redis-
tribution end up as institutional and technological followers, potentially
with positive effects on their citizens’welfare. Finally, as we discuss further
in Section VIII, interdependence across countries may not be purely tech-
nological. For instance, when countries trade, those with cutthroat incen-
tivesmay specialize in different sectors than those operating under cuddly
reward structures, providing an additional channel for asymmetric equi-
libria in an interconnected world.
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The rest of the paper proceeds as follows. In the next section, we dis-
cuss the related literature. Section III introduces the economic environ-
ment. Section IV presents the main results of the paper. Section V pre-
sents two important generalizations of these results. Section VI shows how
domestic political economy constraints can be advantageous for a coun-
try because they prevent it from adopting a cutthroat reward structure.
Section VII provides case study evidence that illustrates the main mecha-
nism proposed in this paper, focusing primarily on innovation and tech-
nological spillovers in the pharmaceutical industry. Section VIII pre-
sents conclusions, and the proofs of the main results are provided in the
Appendix.

II. Related Literature

Our paper is related to several different literatures. First, as already noted,
the issues we discuss are at the core of the “varieties of capitalism” litera-
ture in political science, for example, Hall and Soskice (2001), which it-
self builds on earlier intellectual traditions offering taxonomies of differ-
ent types of capitalism (Crouch 2009) or welfare states (Esping-Anderson
1990). A related argument is developed by Aoki (2001), who also notes
the possibility that international interconnections might be at the root of
this type of institutional diversity. As mentioned above, Hall and Soskice
(2001) argue that CMEs andLMEs innovate indifferentways and indiffer-
ent sectors: LMEs are good at “radical innovation” characteristic of par-
ticular sectors, such as software development, biotechnology, and semi-
conductors, while CMEs are good at “incremental innovation” in sectors
such asmachine tools, consumerdurables, and specialized transport equip-
ment. This literature has not considered that growth in a CME might crit-
ically depend on innovation in the LMEs and on how the institutions of
CMEs are influenced by this dependence. Most importantly, to the best of
our knowledge, the point that world equilibrium may be asymmetric, and
different types of “capitalism” are chosen as best responses to each other,
is new and does not feature in this literature.
Second, there is a related literature in economics, focusing on the

causes of institutional differences across developed economies and on
why the United States lacks a European-style welfare state and why Euro-
peans work less. Acemoglu and Pischke (1998) suggest an explanation
for differences in labor market institutions between the United States
and Germany based on multiple equilibria in turnover, information,
and training investments. Landier (2005) develops a similar model to ac-
count for differences in entrepreneurial risk taking between the United
States and France. Bénabou and Tirole (2006) develop a model in which
self-fulfilling beliefs about justice and fairness can lead to divergent re-
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distributive policies across countries. Bénabou (2000, 2006) establishes
the possibility of multiple political economy equilibria, one with high in-
equality and low redistribution and another with low inequality and high
redistribution, because redistribution can contribute to growth in the
presence of capital market imperfections (see also Saint-Paul and Ver-
dier 1993; Moene and Wallerstein 1997). Bénabou (2006, 1598), in par-
ticular, emphasizes the implications of this multiple equilibria for tech-
nology, asking “what joint configuration of technology, inequality and
policy are feasible in the long run? . . . How does the [international] dif-
fusion of technology affect nations’ ability tomaintain their own redistrib-
utive institutions and social structures?”6 None of this work, however, fo-
cuses on asymmetric equilibria resulting from cross-country institutional
interactions.
Third, the idea that institutional differencesmay emerge endogenously

depending on the distance to the world technology frontier has been
emphasized in past work, for example, in Acemoglu et al. (2006) (see also
Krueger and Kumar 2004), though without endogenizing different insti-
tutional equilibria as best responses to each other.
Finally, our results also have the flavor of “symmetry breaking” as in sev-

eral papers with endogenous location of economic activity (e.g., Krug-
man and Venables 1996; Matsuyama 2002, 2005, 2013) or with endoge-
nous credit market frictions (Matsuyama 2004, 2007). These papers share
with ours the result that similar or identical countries may end up with
different choices and welfare levels in equilibrium, but the underlying
mechanism and the focus are very different.

III. Model

In this section, we describe the economic environment, which combines
two components: The first is a standardmodel of endogenous technolog-
ical change with knowledge spillovers across J countries, closely following
chapter 18 of Acemoglu (2009). The second introduces moral hazard on
the part of entrepreneurs, thus linking entrepreneurial innovative activ-

6 Another, and somewhat more distant, branch of the literature has emphasized the role
of differences in political systems. These include how electoral systems with proportional
representation, widely used in continental Europe, may lead to greater redistribution
(Alesina, Glaeser, and Sacerdote 2001; Milesi-Ferretti, Perotti, and Rostagno 2002; Persson
and Tabellini 2003); how federalism may lower redistribution (Cameron 1978); how the
greater ethnic heterogeneity of the United States may reduce the demand for redistribu-
tion (Alesina et al. 2001); how greater social mobility in the United States may mute the
desire for redistributive taxation (Bénabou and Ok 2001; Alesina and La Ferrara 2005);
or the possibility of greater redistribution in northern Europe because of higher levels
of social capital and trust (Algan, Cahuc, and Sangnier 2011).
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ity of an economy to its reward structure. We then introduce “country so-
cial planners” who choose the reward structures within their country in
order to maximize discounted utility.

A. Economic Environment

Consider an infinite-horizon economy consisting of J countries, indexed
by j 5 1, 2,… , J . Each country is inhabited by nonoverlapping genera-
tions of agents who live for a period of length Dt, work, produce, con-
sume, and then die. A continuum of agents, with measure normalized
to one, is alive at any point in time in each country, and each generation
is replaced by the next generation of the same size. We will consider the
limit economy in which Dt→ 0, represented as a continuous-time model
(see Sec. IV.H for a discussion of this and other modeling assumptions).
The aggregate production function at time t in country j is

Yj tð Þ 5 1

1 2 b

ðNj tð Þ

0

xj n, tð Þ12bdn

� �
Lb

j , (1)

where Lj is labor input, and Nj(t) denotes the number of intermediates
(or blueprints for producing them) available to country j at time t. In
ourmodel,Nj(t) will be the key state variable and will represent the “tech-
nological know-how” of country j at time t. We assume that technology
diffuses slowly and endogenously across countries as will be specified be-
low. Finally, xj(n, t) is the total amount of intermediate n used in country
j at time t. Crucially, blueprints for producing these intermediates, cap-
tured by Nj(t), live on, and the increase in the range of these blueprints
will be the source of economic growth.
Each blueprint in economy j is owned by an “entrepreneur,” who sells

the corresponding intermediate at the profit-maximizing price pj(n, t)
within the country (there is no international trade). This monopolist en-
trepreneur can produce each unit of the intermediate at a marginal cost
of w in terms of the final good. Without any loss of generality, we normal-
ize w ; 1 2 b.
Suppose that each entrepreneur in this economy exerts effort ej,iðtÞ ∈

f0, 1g to invent a new intermediate. Effort ej,iðtÞ 5 1 costs g > 0 units of
time, while ej,iðtÞ 5 0 has no time cost. Thus, entrepreneurs who exert
effort consume less leisure. We also assume that entrepreneurial success
is risky. When the entrepreneur exerts effort ej ,iðtÞ 5 1, he is “successful”
with probability q1 and unsuccessful with the complementary probabil-
ity. If he exerts effort ej,iðtÞ 5 0, he is successful with the lower probabil-
ity q0 < q1. Throughout we assume that effort choices are private infor-
mation.
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The utility function of entrepreneur i takes the form

U ðCj ,i tð Þ, ej ,i tð ÞÞ 5 fCj ,i tð Þ½1 2 gej ,i tð Þ�g12v

1 2 v
, (2)

where v ≥ 0 (and v ≠ 1) is the coefficient of relative risk aversion. This
form of the utility function ensures balanced growth.7

We assume that entrepreneurs can simultaneously work as workers (so
that there is no occupational choice). This implies that each individual
receives wage income as well as income from entrepreneurship and also
implies that Lj 5 1 for j 5 1,… , J .
An unsuccessful entrepreneur does not generate any new ideas (blue-

prints), while a successful entrepreneur in country j generates

hN tð ÞfNj tð Þ12f

new intermediates, where N(t) is an index of the world technology fron-
tier, which will be endogenized below, and h > 0 and f > 0 are assumed to
be common across the J countries. This form of the innovation possibil-
ities frontier implies that the technological know-how of country j ad-
vances as a result of the R&D and other technology-related investments
of entrepreneurs in the country, but the effectiveness of these efforts
also depends on how advanced the world technology frontier is relative
to this country’s technological know-how. When the frontier is more ad-
vanced, an innovation will lead to more rapid progress, and the param-
eter f measures the extent of this.
Given the likelihood of success by entrepreneurs as a function of their

effort choices and defining ejðtÞ 5
Ð
ej ,iðtÞdi, technological advance in

this country can be written as

_Nj tð Þ 5 fq1ej tð Þ 1 q0½1 2 ej tð Þ�ghN tð ÞfNj tð Þ12f: (3)

We also assume that monopoly rights over the initial set of ideas are
randomly allocated (independent of effort) to some of the current en-
trepreneurs, so that they are produced monopolistically as well.8

The world technology frontier is assumed to be given by

N tð Þ 5 G N1 tð Þ,… ,NJ tð Þ� �
, (4)

7 When v 5 1, the utility function (2) should be set to ln Cj ,iðtÞ 1 ln½1 2 gej ,iðtÞ�. Note
also that we do not include the 21 sometimes included in the numerator of this class of
utility functions in order to simplify notation, and hence, the limit v→ 1 does not converge
to log preferences. All of our results apply to this log case also, but in what follows we do not
discuss this case separately to save space.

8 The alternative is to assume that existing machines are produced competitively. This
has no impact on any of the results in the paper and would change just the value of B
in (10) below.
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where G is a linearly homogeneous function. We will examine two special
cases of this function. The first is

G N1 tð Þ,… ,NJ tð Þ� �
5 max N1 tð Þ,… ,NJ tð Þ� �

, (5)

which implies that the world technology frontier is represented by the
technology level of the most advanced country, the technology leader, and
all other countries benefit from the advances of this technology leader.
The second is a more general convex aggregator

G N1 tð Þ,… ,NJ tð Þ� �
5

1

J j=ðj21Þ o
J

j51

Nj tð Þðj21Þ=j
" #j=ðj21Þ

, (6)

with j < 0. The term J j=ðj21Þ in the denominator ensures that the convex
aggregator is homogeneous of degree one in the number of countries. As
j ↑ 0, (6) converges to (5). For much of the analysis, we focus on the sim-
pler specification (5), though we show in Section V that our general re-
sults are robust when we use (6) with j sufficiently close to zero.

B. Reward Structures

Entrepreneurial effort levels will depend on the reward structure in each
country,whichdetermines therelativerewards tosuccessfulentrepreneur-
ship. Suppressing the reference to country j to simplify notation for this
subsection, let ~RsðtÞ denote the time t entrepreneurial income for suc-
cessful entrepreneurs and ~RuðtÞ for unsuccessful entrepreneurs. Thus
the total income of a worker/entrepreneur is

Ri tð Þ 5 ~Ri tð Þ 1 w tð Þ,
where i ∈ {s, u}, andw(t) is the equilibriumwage at time t (where ~RuðtÞ and
~RsðtÞ also include the expected rents that entrepreneursmake because of
existing ideas being randomly allocated to them). In what follows, it is to-
tal income, Ri, rather than just the entrepreneurial component of in-
come, ~R i, that matters for effort decisions. The reward structure can then
be summarized by the ratio r ðtÞ ; RsðtÞ=RuðtÞ. When r(t) 5 1, there is
perfect consumption insurance at time t, but this generates effort e 5
0. Instead, to encourage e5 1, r(t) needs to be above a certain threshold,
which we characterize in the next section.
This description makes it clear that each country will have a choice be-

tween two styles of capitalism: “cutthroat capitalism” in which r(t) is cho-
sen above a certain threshold, so that entrepreneurial success is rewarded
while failure is at least partly punished, and “cuddly capitalism” in which
r(t)5 1, so that there is perfect equality and consumption insurance, but
this comes at the expense of lower entrepreneurial effort and innovation.
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Throughout we assume that the sequence of reward structures in coun-
try j, ½rjðt Þ�∞t50, is chosen by its country-level social planner. This assump-
tion enables us to construct a simple game between countries (in partic-
ular, it enables us to abstract fromwithin-country political economy issues
until Sec. VI). Limiting the social planner to choosing only the sequence
of reward structures is done for simplicity and without any consequence.9

We assume that each country social planner maximizes discounted util-
ity of the citizens in that country using the following preferences:

ð∞

0

e2rt

ð fCj ,i tð Þ½1 2 gej ,i tð Þ�g12v

1 2 v

� 	
di

� �
dt, (7)

where r is the discount rate that the social planner applies to future gen-
erations, and fCj ,iðtÞ½1 2 gej ,iðtÞ�g12v=ð1 2 vÞ denotes the utility of agent i
in country j alive at time t (and thus the inner integral averages across all
individuals of that generation). Thus, in this formulation, v, in addition
to being the coefficient of relative risk aversion of agents, captures the
aversion of the social planner to inequality both within a cohort and be-
tween cohorts. Note also that (7) yields well-defined preferences both
when v < 1 and when v > 1.
We also consider the following Epstein-Zin-style preferences (Epstein

andZin 1989), which separate the coefficient of relative risk aversion from
the parameter determining cross-cohort comparisons. Defining

W tð Þ 5
ð
ðfCj ,i tð Þ½1 2 gej ,i tð Þ�g12vÞdi

� �1=ð12vÞ
,

we can represent these more general preferences as

W 5
1

1 2 l

ð∞

0

e2rtW tð Þ12ldt: (8)

Here v is the coefficient of relative risk aversion, and l ≠ 1 measures the
social planner’s aversion to inequality between cohorts (and is thus sim-
ilar to the inverse of the intertemporal elasticity of substitution). Clearly,
(8) contains (7) as a special case (setting v 5 l) and is also well defined
for all values of v and l except 1. Thesemore general preferences are use-
ful because they enable us to separate the intragenerational relative risk
aversion, v, and the willingness of the social planner to substitute con-
sumption across cohorts, given by l, enabling us to show that it is v that
regulates entrepreneurs’ incentives, while lmatters only in conjunction

9 If, in addition, we allowed the social planner to set prices that remove the monopoly
markup, this would change only the value of the constant B in (10) below, with no impact
on any of our results.
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with the future rate of economic growth in the social planner’s calcula-
tions. Moreover, the separation of these two distinct concepts will lead
to richer institutional dynamics as we will see in Section V.

IV. Main Results

In this section, we present our main results focusing on the “max” spec-
ification of the world technology frontier given by (5) and the standard
preferences for country social planners given by (7). We present general-
izations of our results to the cases in which preferences are given by (8),
and the world technology frontier is as in (6) in Section III.

A. Cutthroat and Cuddly Reward Structures

We now define the cutthroat and cuddly reward structures more formally.
Consider the reward structures that ensure effort e 5 1 at time t. This will
require that the incentive compatibility constraint for entrepreneurs be
satisfied at t, or in other words, expected utility from exerting effort e 5 1
should be greater than expectedutility from e 5 0.Using (2), this requires

1

1 2 v
q1R

s tð Þ12v 1 1 2 q1ð ÞRu tð Þ12v

 �

1 2 gð Þ12v

≥
1

1 2 v
q0R

s tð Þ12v 1 1 2 q0ð ÞRu tð Þ12v

 �

,

where recall that Rs(t) is the income and thus the consumption of an en-
trepreneur conditional on successful innovation, and Ru(t) is the income
level when unsuccessful. This expression takes into account that high ef-
fort leads to success with probability q1 and low effort with probability q0,
but with high effort the total amount of leisure is only 12 g. Rearranging
this expression, we obtain

r tð Þ ; Rs tð Þ
Ru tð Þ ≥

1 2 q0ð Þ 2 1 2 q1ð Þ 1 2 gð Þ12v

q1 1 2 gð Þ12v 2 q0

� �1=ð12vÞ

5 1 1
1 2 1 2 gð Þ12v

q1 1 2 gð Þ12v 2 q0

� �1=ð12vÞ

; A:

(9)

Clearly, the expression A defined in (9) measures how “high powered”
the reward structure needs to be in order to induce effort and will thus
play an important role in what follows.
The next assumption, which will be maintained throughout our anal-

ysis, ensures that, both when v < 1 and when v > 1, high effort requires
entrepreneurs to be given incentives.
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Assumption 1.

min q1 1 2 gð Þ12v 2 q0, 1 2 q0ð Þ 2 1 2 q1ð Þ 1 2 gð Þ12v
� �

> 0:

More specifically, this assumption guarantees that when v < 1,

1 1
1 2 1 2 gð Þ12v

q1 1 2 gð Þ12v2q0

in (9) is greater than one and is raised to a positive power, while when v >
1, it is less than one and is raised to a negative power. Thus in both cases,
we have A > 1, implying that high effort will be forthcoming only if en-
trepreneurial success is rewarded relative to failure.
Since the (country) social planner maximizes average utility, she would

like to achieve as much consumption insurance as possible subject to the
incentive compatibility constraint (9), which implies that she will satisfy
this constraint as equality. In addition, Rs(t) and Ru(t) must satisfy the re-
source constraint at time t. Using the expression for total output and ex-
penditure on intermediates provided in the Appendix, this implies

q1R
s tð Þ 1 1 2 q1ð ÞRu tð Þ 5 BN j tð Þ,

where

B ;
b 2 2 bð Þ
1 2 b

, (10)

andwe are using the fact that in this case, all entrepreneurs will exert high
effort, so a fraction q1 of them will be successful. Combining this expres-
sion with (9), we obtain

Rs tð Þ 5 BA

q1A 1 1 2 q1ð ÞNj tð Þ  and  Ru tð Þ 5 B

q1A 1 1 2 q1ð ÞNj tð Þ: (11)

The alternative to a reward structure that encourages effort is one that
forgoes effort and provides full consumption insurance, that is, the same
level of income to all entrepreneurs of Ro(t), regardless of whether they
are successful or not. The same resource constraint then implies

Ro tð Þ 5 BN j tð Þ: (12)

Given these expressions, the expected utility of entrepreneurs under
the cutthroat and cuddly incentives, denoted, respectively, by s 5 c and
s 5 o, can be rewritten as
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W c
j tð Þ ; E U Cc

j tð Þ, ecj tð Þ� �
 �
5

½q1Rs tð Þ12v 1 1 2 q1ð ÞRu tð Þ12v� 1 2 gð Þ12v

1 2 v
,

W o
j tð Þ ; E U Co

j tð Þ, eoj tð Þ� �
 �
5

R0 tð Þ12v

1 2 v
:

Now using (11) and (12), we can express these expected utilities as

W c
j tð Þ 5 qcNj tð Þ12v  and  W o

j tð Þ 5 qoNj tð Þ12v, (13)

where

qc ;
½q1A12v 1 1 2 q1ð Þ� 1 2 gð Þ12v

½q1A 1 1 2 q1ð Þ�12v

B12v

1 2 v
  and  qo ;

B12v

1 2 v
, (14)

where A was defined in (9). It can be verified that qc < qo , though when
v > 1, qc < qo < 0. Moreover, we have that (i) qc, and thus ðqc=qoÞ1=ð12vÞ, is
decreasing inA (since a higherA translates into greater consumption var-
iability); (ii) A is increasing in g (and thus ðqc=qoÞ1=ð12vÞ is decreasing in
g), which compensates for the higher cost of effort (see lemma A2 in
the Appendix); and (iii) A is nonmonotone in v (because a higher coef-
ficient of relative risk aversion also reduces the disutility of effort).
Two more observations are useful. First, the key expressions qc and qo

depend on agents’ coefficient of risk aversion, v. This will continue to be
the case when we adopt the more general preferences in (8) for the so-
cial planner (rather than depending on both v and the social planner’s
inequality aversion parameter, l). Second, without loss of any generality,
we focus on cutthroat and cuddly incentives for entrepreneurs (and thus
on qc and qo), since if the social planner wishes to induce effort, she can-
not do better than a cutthroat reward structure; and if she wishes to
provide perfect insurance, she has to choose a cuddly reward structure.
Therefore, themost general set of reward structures that needs to be con-
sidered is one that gives cutthroat incentives to some fraction of the
agents and cuddly incentives to the rest at any point in time, and this is
the set of reward structures we focus on in the rest of our analysis.

B. World Equilibrium Given Reward Structures

We first characterize the dynamics of growth in this world for given reward
structures. The next result establishes that when all countries choose as-
ymptotically time-invariant (but potentially different from each other) re-
ward structures, a well-defined world equilibrium exists and involves all
countries growing at the same rate, set by the rate of growth of the world
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technology frontier. This growth rate is determined by the innovation
rates (and thus reward structures) of either all countries (with [6]) or just
the technology leader (with [5]). In addition, differences in reward struc-
tures determine the relative income of each country in the long run.
Proposition 1. Suppose that the reward structure for each country

is asymptotically time invariant (i.e., for each j, R s
j ðtÞ=Ru

j ðtÞ→ rj). Then
starting from any initial condition ðN1ð0Þ,… ,NJ ð0ÞÞ, the world economy
converges to a unique stationary distribution ðn*1 ,… , n*J Þ, with njðtÞ ;
NjðtÞ=N ðtÞ and _N ðtÞ=N ðtÞ 5 g *. In addition, ðn*1 ,… , n*J Þ and g* are func-
tions of ðr1,… , rJ Þ. Moreover, with the max specification of the world
technology frontier, (5), g* is a function of only themost innovative coun-
try’s reward structure, rℓ.
The proof of this proposition follows from thematerial in chapter 18 of

Acemoglu (2009) with minor modifications and is omitted to save space.
The process of technology diffusion ensures that all countries grow at

the same rate, even though they choose (asymptotically) different reward
structures—provided that the reward structures do not fluctuate asymp-
totically. Countries that do not encourage innovation may first fall be-
hind, but given the form of technology diffusion in equation (3), the ad-
vances in the world technology frontier pull them to the same growth rate
as those that provide greater inducements to innovation. The proposition
also shows that in the special case in which (5) applies, the world growth
rate, g*, will be determined only by innovation, and thus the reward struc-
ture, in the technologically most advanced country.
In what follows, we will see that equilibria involve asymptotically con-

stant reward structures; thus the conclusion from proposition 1 applies
and ensures that all countries grow at the same rate regardless of their as-
ymptotic reward structures.

C. Equilibrium Reward Structures

We now characterize the equilibrium of the game between country so-
cial planners. Throughout, we focus on (pure-strategy) Markov perfect
equilibria, though, as mentioned above, we do allow for mixed reward
structures that provide cutthroat incentives to a fraction of the entrepre-
neurs. The Markovian restriction implies that strategies at time t are con-
ditioned only on payoff-relevant variables, which are the vector of tech-
nology levels,N1ðtÞ,… ,NJ ðtÞ.
Let us define ujðtÞ ∈ ½0, 1� as the fraction of entrepreneurs receiving

cutthroat incentives. Clearly, ujðtÞ 5 0 corresponds to a fully cuddly re-
ward structure and ujðtÞ 5 1 corresponds to a fully cutthroat reward
structure throughout.
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From equation (13), average utility in country j at time t is
qðujðtÞÞNjðtÞ12v, where

qðuj tð ÞÞ 5 qo½1 2 uj tð Þ� 1 qcuj tð Þ, (15)

and from (3), the growth rate of technology of country j adopting a re-
ward structure ujðtÞ ∈ ½0, 1� is

_Nj tð Þ 5 g ðuj tð ÞÞN tð ÞfNj tð Þ12f, (16)

where

g ðuj tð ÞÞ 5 go½1 2 uj tð Þ� 1 gcuj tð Þ, (17)

with

go ; q0h and gc ; q1h > go (18)

corresponding, respectively, to the growth rates from fully cuddly and
fully cutthroat reward structures. The fact that gc > go reiterates that cut-
throat incentives generate more successful innovations than cuddly in-
centives.

D. Asymmetric World Equilibria

In this subsection, we focus on the world technology frontier given by
(5) and also assume that at the initial date, there exists a single country
ℓ that is the technology leader, that is, a single ℓ for which N‘ð0Þ 5
max fN1ð0Þ,… ,NJ ð0Þg. Let us also define the relative technology of
country j at time t as njðtÞ ; NjðtÞ=N ðtÞ.
We next introduce three assumptions. The first is the standard condi-

tion ensuring that the cutthroat growth rate, gc, is not so high as to lead to
infinite discounted utility for the country social planners.
Assumption 2.

r 2 1 2 vð Þgc > 0:

The next assumption ensures that if the world consists of a single
country, then that country would prefer cutthroat incentives to cuddly
incentives.
Assumption 3.

qc

r 2 1 2 vð Þgc >
qo

r 2 1 2 vð Þgo :

More specifically, since qc < qo (reflecting the risk-sharing benefits of
cuddly reward structures), this assumption requires that the cutthroat
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growth rate gc is sufficiently higher than the cuddly growth rate go to com-
pensate for the loss of consumption insurance under cutthroat incen-
tives. This assumption also implies that the technology leader will prefer
cutthroat to cuddly incentives.
Finally, we start by restricting attention to a specific equilibrium selec-

tion rule, which imposes that the same country, ℓ, remains the technol-
ogy leader throughout. This is stated in the next assumption.
Assumption 4. N‘ðtÞ 5 maxfN1ðtÞ, ::: ,NJ ðtÞg for all t.
The selection rule encapsulated in assumption 4 greatly simplifies the

exposition, enabling us to focus on a single equilibrium. Without this se-
lection rule, as we discuss below, there may be other equilibria, though
arguably the one we focus on here, where the initial technology leader re-
mains so throughout, is the most natural among these. We discuss under
what conditions there will be equilibrium uniqueness without this condi-
tion in Section IV.G.
To build toward our main result, suppose that country ℓ adopts a cut-

throat reward structure at all times, that is, u‘ðtÞ 5 1 for all t. The prob-
lem of follower country j ’s social planner can then be written as

W jðNj tð Þ,N‘ tð ÞÞ 5 max
uj �ð Þ∈ 0,1½ �

ð∞

t

e2r t2tð Þqðuj tð ÞÞNj tð Þ12vdt

such that   _Nj tð Þ 5 g ðujðtÞÞN‘ tð ÞfNj tð Þ12f,

with N‘ tð Þ 5 N tð Þe gc t2tð Þ for t ≥ t:

With a change of variable mj ; ðNj=N‘Þf ≤ 1, this maximization problem
can be expressed as

W jðmj tð ÞÞ 5 N‘ tð Þmax
u �ð Þ∈ 0,1½ �

ð∞

t

e2½r2 12vð Þgc � t2tð Þ

� q u tð Þð Þmj tð Þð12vÞ=fdt,

_mj tð Þ 5 f½g u tð Þð Þ 2 gcmj tð Þ�:

(19)

The solution to this problem would be the “open-loop” best response of
follower j to the evolution of the world technology frontier driven by the
technology leader, ℓ. TheMarkov perfect equilibrium, which we are inter-
ested in, corresponds to the situation in which all countries use “closed-
loop” strategies. However, under assumption 4, which imposes that the
same country, ℓ, remains the leader (and that it will adopt a cutthroat re-
ward structure in view of assumption 3), the open- and closed-loop solu-
tions coincide. Hence we can characterize all equilibria by deriving the
solution to (19).
The solution to (19) can be characterized by setting up the current-

value Hamiltonian, which, suppressing the country index j to simplify
notation, takes the form

1262 journal of political economy

This content downloaded from 018.101.008.212 on February 12, 2018 11:16:32 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



H m tð Þ, u tð Þ, m tð Þð Þ 5 q u tð Þð Þm tð Þð12vÞ=f 1 m tð Þf g u tð Þð Þ 2 gcm tð Þ½ �,

where m(t) is the current-value costate variable and u(t) is the control var-
iable summarizing the reward structure. The maximum principle yields
the candidate bang-bang solution

u tð Þ
5 1 if WðtÞ < 0

∈ 0, 1½ � if W tð Þ 5 0

5 0 if W tð Þ > 0,

8>>><
>>>:

(20)

where W(t) is a switching function that summarizes the social return
from cuddly incentives:

W tð Þ ; qo 2 qcð Þm tð Þð12vÞ=f 2 m tð Þf gc 2 go½ �: (21)

In addition, the differential equations for the laws of motion of trans-
formed relative technology and the costate variable,

_m tð Þ 5 f g u tð Þð Þ 2 gcm tð Þ½ � with m 0ð Þ > 0 given,

_m tð Þ 5 ½r 2 1 2 vð Þgc 1 fgc �m tð Þ 2 1 2 v

f
m tð Þ½ð12vÞ=f�21

q u tð Þð Þ,
(22)

and the transversality condition,

lim
t →∞

e2½r 2 1 2 vð Þgc �tm tð Þ 5 0, (23)

have to hold.
This dynamical system can be analyzed using phase diagrams as we do

in figures 1–3. For this purpose, we define and use kðtÞ ; mðtÞmðtÞðv21Þ=f

(instead of m(t)), which ensures that the behavior in the phase diagram
does not depend on whether v is greater than or less than one. Substi-
tuting this transformation into (21), the choice of reward structure, (20)
simplifies to

u kð Þ
5 1 if k > ~k

∈ 0, 1½ � if k 5 ~k

5 0 if k < ~k,

8>>><
>>>:

(24)

where we have suppressed the dependence of k on time, and

~k ;
qo 2 qc

f gc 2 goð Þ
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is the value ~k that makes the social planner indifferent between cuddly
and cutthroat incentives.
In the phase diagrams, we place nj(t)f on the horizontal axis and kj(t)

on the vertical axis (now using country subscripts for emphasis). Inspec-
tion of (22) implies that the locus for _kjðtÞ 5 0 is downward sloping and
intersects ~k at nðtÞf 5 ~m, defined by (25) in proposition 2. To under-
stand the shape of the locus for _njðtÞ 5 0, recall that when k is above ~k,
the social planner will choose cutthroat incentives, and when it is below
this value, she will choose cuddly incentives. Consequently, above~k, coun-
try j tends to the world technology frontier and the locus for _njðtÞ 5 0 is
vertical at one, while below ~k, it approaches ðgo=gcÞ1=f, so that the locus for
_njðtÞ 5 0 is vertical at go=gc (and is horizontal in between at ~k).10

Figure 1 applies when ~m < go=gc and world equilibrium is asymmetric
as emphasized in the introduction (this corresponds to part 1 of proposi-
tion 2 presented next). Recall that the technology leader, country ℓ, always
chooses cutthroat rewards, u‘ðtÞ 5 1.Moreover, in this configuration, the
curves for _njðtÞ 5 0 and _kjðtÞ 5 0 intersect below the horizontal line cor-
responding to ~k, which ensures that as t→∞, all followers will choose cud-
dly rewards, ujðtÞ 5 0 for all j ≠ ‘ and will therefore approach an income
level equal to a fraction go=gc of the leader’s. In addition, there is another
noteworthy threshold, �m, given by the intersection (if any) of the stable
arm with the horizontal line at ~k. When njð0Þ < �m1=f, we have k > ~k, and
thus follower j starts with ujðtÞ 5 1 and then switches to cuddly incen-
tives, ujðtÞ 5 0 at njðtÞ 5 �m1=f.
Figure 2 corresponds to the case in which 1 > ~m > go=gc (part 2 of

proposition 2). In this case, the curves for _njðtÞ 5 0 and _kjðtÞ 5 0 inter-
sect at k 5 ~k, which implies that in the long run followers will adopt
mixed reward structures. With such reward structures some entrepre-
neurs are made to bear risk, while others are given perfect insurance—
and thus are less innovative. This enables them to reach a growth rate—
and in the long run, level of income per capita—between those implied
by a fully cuddly and a fully cutthroat reward structure.
Finally, figure 3 is for the case in which ~m > 1 (part 3 of the proposi-

tion). Now the curves for _njðtÞ 5 0 and _kjðtÞ 5 0 intersect where k > ~k,
and thus followers also adopt cutthroat incentives and there is “institu-
tional” technology and income per capita convergence. This configura-
tion thus contrasts with the patterns in the previous two figures, where
countries maintain their different institutions in the long run, and as a
result, their levels of income per capita do not converge.
The next proposition summarizes these results more formally.

10 The laws of motion in these phase diagrams follow readily from (22) and are derived
in the Appendix as a special case of the phase diagrams introduced in the proof of prop-
osition 6.
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Proposition 2. Suppose that country social planners maximize (7),
the world technology frontier is given by (5), and assumptions 1–4 hold.
Let

~m ;
1 2 vð Þgo
r 1 fgc

gc 2 goð Þ=go
qo 2 qcð Þ=qo

1 1

� �
, (25)

where qo, qc, go, and gc are given by (14) and (18). Then world equilib-
rium is characterized as follows. The leader country ℓ always chooses cut-
throat rewards, that is, u‘ðtÞ 5 1 for all t. For each follower j ≠ ‘, we have
the following:

1. If

~m <
go
gc
, (26)

there exists �m < go=gc such that, for njð0Þ < �m1=f, the reward struc-
ture of country j is cutthroat (i.e., ujðtÞ 5 1) for all t < T < ∞,
where njðT Þ 5 �m1=f, and cuddly (i.e., ujðtÞ 5 0) for all t ≥ T;
for njð0Þ ≥ �m1=f, the reward structure of country j is cuddly (i.e.,
ujðtÞ 5 0) for all t. Regardless of the initial condition, in this case
njðtÞ → ðgo=gcÞ1=f. (This case is illustrated in fig. 1.)

FIG. 1.—Phase diagram: part 1 of proposition 2
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2. If

go
gc

< ~m < 1, (27)

then for njð0Þ < ~m1=f, the reward structure of country j is cutthroat
(i.e., ujðtÞ 5 1) for all t < T < ∞, where njðT Þ 5 ~m1=f, and then at
t 5 T, the country adopts a “mixed” reward structure and stays at
njðtÞ 5 ~m1=f (i.e., ujðtÞ 5 u*j ∈ ð0, 1Þ) for all t ≥ T; for njð0Þ > ~m1=f,
the reward structure of country j is cuddly (i.e., ujðtÞ 5 0) for all
t < T, and then at t 5 T when njðT Þ 5 ~m1=f, the country adopts a
mixed reward structure and stays atnjðtÞ 5 ~m1=f (i.e.,ujðtÞ 5 u*j ∈
ð0, 1Þ) for all t ≥ T. (This case is illustrated in fig. 2.)

3. If

~m > 1, (28)

then the reward structure of country j is cutthroat for all t; that is,
ujðtÞ 5 1 for all t. (This case is illustrated in fig. 3.)

The proof of this proposition, like the proofs of all of the remaining
results in this paper, is provided in the Appendix. Here, we provide a dis-
cussion and interpretation of the results.

FIG. 2.—Phase diagram: part 2 of proposition 2
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First, as already noted, the most noteworthy result in this proposition
is the asymmetric nature of the equilibrium in part 1 (and also in part 2).
This asymmetry is a consequence of the diffusion of new technologies
across countries. Assumption 3 ensures that when all other countries are
choosing cuddly incentives, country ℓ prefers to choose cutthroat incen-
tives. In this case, qc=½r 2 ð1 2 vÞgc� is the discounted value of country ℓ
from a cutthroat reward structure, ensuring an own (and world growth)
rate of gc. In contrast, because all other countries are choosing a cuddly re-
ward structure, if country ℓ were also to do so, the world economy would
grow only at the rate go < gc , yielding a discounted value of qo=½r 2 ð1 2
vÞgo� to country ℓ from a cuddly reward structure. Assumption 3 ensures
that country ℓ prefers the first option. This comparison reflects the fact
that, when all other countries are choosing cuddly reward structures, the
incentives provided by country ℓ to its entrepreneurs have a growth effect
on the world economy (and thus on itself).
In contrast, given the diffusion of technology across countries, once

country ℓ chooses cutthroat incentives, the choice of reward structure for
other countries has only a level effect: a country choosing a cutthroat re-
ward structure would increase its position relative to country ℓ but, in view
of proposition 1, would not change its long-run growth rate. Condition
(26) then ensures that in the limit this level effect is more than compen-

FIG. 3.—Phase diagram: part 3 of proposition 2
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sated for by the better risk sharing offered by the cuddly reward structure.
This contrast between the growth effect of the reward structure of the
leader and the level effect of the reward structure of followers is at the
root of the asymmetric equilibrium (and the nonexistence of a symmetric
equilibrium).
It is also worth noting that, without assumption 4, there could be other

equilibria, with some other country playing the role of the leader ℓ and
choosing a cutthroat reward structure. These equilibria are ruled out by
the selection rule in assumption 4, which imposes that the same country
remains the technology leader throughout (since in such a situation the
country adopting cutthroat incentives would ultimately overtake ℓ). We
discuss conditions for uniqueness without assumption 4 below.
As already noted, ~m1=f, defined in (25), is the threshold value of the

position of a follower country j relative to the world technology frontier,
that is, NjðtÞ=N ðtÞ, such that the follower is just indifferent between cud-
dly and cutthroat incentives (and above this threshold prefers cuddly in-
centives). To obtain the intuition for the expression for ~m, let us start with
the first term in (25). When the discount rate r is greater and the growth
spillover from the leader, fgc, is larger (relative to the growth rate of fol-
lowers, go), the followers benefit more from free riding on the leader’s
cutthroat incentives and the threshold ~m above which cuddly incentives
will be adopted is smaller. The second term, ½ðgc 2 goÞ=go�=½ðqo 2 qcÞ=qo�,
on the other hand, can be identified as the proportional gain in growth
from cutthroat incentives relative to the proportional loss in utility from
cutthroat incentives.The lower this term is, the less valuable are thegrowth
benefits of cutthroat incentives relative to their consumption insurance
losses, and thus the smaller is the threshold ~m.
For reasonable parameter values, ~m is in the range corresponding to

asymmetric world equilibria (in particular, part 1 of proposition 2). To il-
lustrate this point, let us adopt relatively standard values for the discount
rate, the coefficient of relative risk aversion, and the labor share, r5 0.01,
v5 2, and b5 0.6. To choose the entrepreneurial success probability con-
ditional on high effort, q1, and the composite parameter A given by (9),
suppose that, as is often assumed, the right tail of the income distribu-
tion (corresponding to income inequality among entrepreneurs) is ap-
proximately Pareto. The shape parameter of the Pareto distribution, n 5
E½ yjy ≥ �y�=�y, provides a measure of inequality at the top of the income
distribution—here corresponding to inequality among entrepreneurs. In
our model under cutthroat incentives, this number is

A

Aq1 1 1 2 q1
:

We take the United States, which has the highest Pareto shape parameter
in the database of Atkinson et al. (2011) of 2.5, as the technology leader.
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We also approximate q1 as the population fraction of “successful entre-
preneurs” from the Global Entrepreneurship Monitoring Survey (2015),
which we define as those who have started a business paying wages, ex-
cluding those who report to have chosen entrepreneurship by necessity.
This gives q1 5 0:09 and, combined with the previous expression, implies
A5 2.95. We set gc 5 0:021 tomatch the average US growth rate between
1970 and 2005, the period on which we focus. Combined with q1 5 0:09,
this growth rate implies h 5 0.229.
We estimate the two remaining parameters f and q0 from cross-country

growth dynamics. We first solve the differential equation (16) under the
assumption that each follower is choosing cuddly incentives (ujðtÞ 5 0),
which gives

nj tð Þ 5 go
gc

1 nj 0ð Þf 2 go
gc

� �
e2fgc t

� 1=f

:

We add a multiplicative error term to this expression, eyjðtÞ, and since var-
iations in nj(t) are the sole source of variations in GDP, we approximate
nj(t) with country j ’s GDP per capita relative to the United States in year
t, yj(t). Taking logs, we end up with the estimating equation

lnyj tð Þ 5 1

f
ln

go
gc

1 yj 0ð Þf 2 go
gc

� �
e2fgc t

� 
1 yj tð Þ:

Weuse data for 20OECD countries from the PennWorld Tables and take
the base year to be 1970 and the end year, year t, to be 2005. Our sample
excludes the United States, which is used for normalization, and Norway,
because of the role of oil in its GDP. Estimating this equation with nonlin-
ear least squares (and imposing gc 5 0:021), we obtain f 5 0.51 (stan-
dard error5 0.16) and go=gc 5 0:82 (standard error5 0.053). This latter
estimate also yields q0 5 0:076. (Finally, this combination of parameters
also implies a value of g5 0.012, which we find reasonable as the propor-
tional cost of additional effort.)
These numbers imply ~m 5 0:64, which is less than go=gc 5 0:82, put-

ting us comfortably in the region of asymmetric equilibria as in part 1 of
proposition 2.
We next illustrate some of the patterns that emerge from this proposi-

tionmore explicitly. The dynamic path in the first part of the proposition
is illustrated in figure 4. Follower j starts with a cutthroat reward structure
because it is so far behind the leader that rapid convergence is beneficial
and this is achieved best by adopting cutthroat incentives. However, after
nj(t) exceeds �m1=f, so that the follower comes closer to the leader, it adopts
a cuddly reward structure. With this cuddly reward structure, the follower
converges to a stable position relative to the leader given by ðgo=gcÞ1=f.
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The dynamic path for a follower country starting below �m1=f in this part
of the proposition also provides a way of interpreting the growth and so-
cial trajectories followed by countries such as South Korea and Taiwan,
which adopted institutions with little in the way of a safety net during their
early phases of convergence (e.g., Deyo 1993), but then started building
stronger social insurance arrangements. From the viewpoint of ourmodel,
this path is explained by the high returns to these countries from rapid
innovation early on combined with the asymmetric nature of the asymp-
totic world equilibrium, in which they build on the technological advances
made by the leader country (though of course many other political econ-
omy factors played a defining role in the transitions of South Korea and
Taiwan toward more democratic institutions, which went hand in hand
with the development of better social insurance in these countries).
Figure 5 illustrates the second part of the proposition, where the long-

run reward structure of followers is a mixed one with some fraction of its
entrepreneurs receiving cutthroat incentives while the rest receive cud-
dly incentives. This fraction is chosen such that the proportional gap be-
tween this country and the leader remains exactly at ~m1=f. The growth rate
of this economy at any point in time is greater than the one that would
have followed from fully cuddly incentives. As a result, this country be-
comes richer in the long run than one that chooses a fully cuddly reward
structure. (We do not show part 3, which involves all countries choosing
cutthroat incentives, in a separate diagram to save space.)

FIG. 4.—Growth dynamics: part 1 of proposition 2
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E. When Is the Equilibrium Asymmetric?

The next proposition shows how the range in which asymmetric equilib-
ria exist, that is, where ~m < 1, is affected by changes in several parameters
of the model.
Proposition 3. Suppose assumptions 1–4 hold. Then, the world equi-

librium is more likely to be asymmetric (meaning that the condition ~m < 1
corresponding to part 1 or part 2 of proposition 2 is more likely to be
satisfied) when g is large (the cost of innovation is large) and when f

is large (spillovers are large). Also for v < 1 and g sufficiently small, world
equilibrium is more likely to be asymmetric when v is higher (risk aver-
sion is large).
These results are intuitive. When g is large, cutthroat incentives be-

come less attractive, though assumption 3 still ensures that the technology
leader, country ℓ, prefers cutthroat incentives.Whenf is large, the relative
gap between the technology leader and followers using cuddly incentives,
ðgo=gcÞ1=f, is smaller, encouraging cuddly reward structures. Finally, a
higher v implies greater risk aversion and thus increases the benefits from
a cuddly reward structure, which provides consumption insurance, mak-
ing an asymmetric world equilibrium with followers adopting cuddly re-
ward structures more likely. Nevertheless, because in our baseline model
v also determines the willingness of the social planner to trade off con-
sumption between cohorts, this result requires us to focus on the case in
which v < 1 (we separate these two notions in Sec. V).

FIG. 5.—Growth dynamics: part 2 of proposition 2
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F. Welfare

We next look at the welfare implications of the asymmetric world equilib-
rium. We show that, even though the technology leader, country ℓ, starts
out ahead of others and chooses a “growth-maximizing” strategy, dis-
counted utility (using the social planner’s discount rate) is higher in a fol-
lower country choosing cuddly incentives than the leader choosing cut-
throat incentives, provided that the follower is not too far behind the
leader to start with. This result, stated in the next proposition, captures
the central economic forceof ourmodel: followers are able tobothchoose
an egalitarian reward structure providing perfect insurance to their en-
trepreneurs and benefit from the rapid growth of technology driven by
the technology leader, country ℓ, because they are able to free ride on
the cutthroat reward structure in country ℓ, which is advancing the world
technology frontier. In contrast, country ℓ, as the technology leader, must
bear the cost of high risk for its entrepreneurs. The fact that followers
prefer to choose the cuddly reward structure implies that, all else equal,
country ℓ would have also liked to do so but cannot because it realizes that
if it did, the growth rate of the world technology frontier would slow
down, while followers know that the world technology frontier is being
advanced by country ℓ and can thus free ride on that country’s cutthroat
reward structure.
Proposition 4. Suppose that society is in part 1 or part 2 of proposi-

tion 2. Then there exists d > 0 such that, for all njð0Þ > 1 2 d, discounted
utility (at time t 5 0) in country j is higher than discounted utility in
country ℓ.
An important implication of this result is that, all else equal, there are

benefits to cuddly reward structures. So if we compare an unequal soci-
ety, with seemingly high-powered incentives, such as the United States,
with societies withmore egalitarian income distributions, such as the Scan-
dinavian countries, even though the former may be technologically more
advanced and richer, discounted utility will tend to be higher in the latter
(provided that they are not too far behind the United States technolog-
ically). But importantly, in view of proposition 2, it is not an equilibrium
for the United States to also adopt cuddly incentives, because what en-
ables the rest of the countries to enjoy the benefits of cuddly reward struc-
tures is the rapid innovation induced by US cutthroat incentives, and if
the United States also switched to cuddly reward structures, the world
growth rate would slow down.

G. Uniqueness without the Selection Rule

The analysis so far has proceeded under assumption 4, which imposed
the selection rule that country ℓ remains the technology leader. Without
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this selection rule, it is clear that the equilibrium characterized in prop-
osition 2 may not be unique. Consider, for example, the case in which
the world consists of two countries starting with exactly the same level of
technology. Then the logic of proposition 2 (under the same conditions
there) ensures that there does not exist a symmetric equilibrium (under
parts 1 and 2 of this proposition, i.e., when ~m < 1). Yet not only are there
twomirror-image equilibria, one in which the first country is the technol-
ogy leader and another one in which the second country is, but in fact,
there may be amyriad of other equilibria in which technology leadership
switches between the two countries one or more times over time.11

Nevertheless, in this subsection we show that if the technology leader,
again denoted by ℓ, is sufficiently ahead of the followers, the asymmetric
equilibrium characterized in proposition 2 is unique. The reasoning is
simple but important: if followers are significantly behind country ℓ, then
any profile of reward structures that involves country ℓ losing the tech-
nology leadership will involve the world technology frontier, and thus
country ℓ, growing at the slower rate go rather than gc for an extended pe-
riod of time. Then under assumption 3, country ℓ would in fact prefer to
adopt a cutthroat reward structure. If, in addition, the asymmetric equi-
librium in which country ℓ chooses a cutthroat reward structure and the
followers choose cuddly reward structures leads to an asymptotic world
equilibriuminwhichthefollowers still remainsignificantlybehindcountry
ℓ, then the unique equilibrium will involve ℓ choosing a cutthroat reward
structure and the followers choosing cuddly reward structures through-
out. This result thus highlights that in an important set of cases—where
the technology leader is sufficiently ahead of the rest—the selection as-
sumption we have imposed so far is unnecessary. Otherwise, the selection
assumption, assumption 4, is important for ensuring uniqueness (but the
equilibrium we characterized in proposition 2 of course remains an equi-
librium and is arguably the most “focal” one among all equilibria).
In thenextproposition,wepresent sufficient conditions for theunique-

ness of the equilibrium in which the initial technology leader always re-
mains the leader.
Proposition 5. Suppose that all of the hypotheses of proposition 2

hold and ~m < go=gc (so that we are in part 1 of proposition 2). Then there
exist f ∈ ð0, 1Þ and n ∈ ð0, 1Þ (where the exact expression for n is given
in the proof) such that if f < f and njð0Þ < n for all j ≠ ‘, the equilibrium
is unique and involves country ℓ adopting a cutthroat reward structure
throughout and all other countries choosing a cuddly reward structure

11 Equilibria in which there are switches in technology leadership are related to the lit-
erature on leapfrogging (e.g., Brezis, Krugman, and Tsiddon 1993), though, in contrast
to this literature, there is no natural reason why followers should overtake leaders in our
model.
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asymptotically (i.e., u‘ðtÞ 5 1 for all t and ujðtÞ 5 0 for all j ≠ ‘ and for t
large enough).
Returning to the illustrative parameter values used above, we can com-

pute n as 0.60 (which also confirms that f5 0.51 in this case is less than
f). This shows that for plausible, though certainly nontrivial, values of the
technology gaps between leader and follower countries, the asymmetric
world equilibrium is unique without the selection assumption (assump-
tion 4).
It is also useful to note briefly another reason why equilibria might be

unique. If the model is extended so that countries have different sizes,
the usual scale effect (e.g., Romer 1990) implies that the growth rate of
the world economy (particularly with the world technology frontier given
in [5]) would depend on the size of the technology leader. Then, with a
logic similar to that in proposition 5, the largest country may wish to be
the technology leader by choosing cutthroat incentives because technol-
ogy leadership by a smaller country would reduce the growth rate of the
world technology frontier. This economic force would also resolve the
multiplicity problem without assumption 4.

H. Discussion of Modeling Assumptions

Here we discuss the role and interpretation of some of the modeling as-
sumptions we have adopted so far. Those already discussed, such as as-
sumptions 1–4, will not be discussed further.
Five assumptions deserve to be highlighted. The first is that our agents

are short-lived. This assumption is adopted for simplicity. Clearly, if agents
themselves are forward looking with the same preferences as (8) but are
given only short-term incentives, nothing in the analysis changes. How-
ever, with long-lived agents, optimal contracts for moral hazard would
be more complicated, involving rewards given as a function of the entire
history of success and failure in innovation. Our assumption abstracts
from such dynamic incentives that are not central to our focus.
The second assumption implicit in our approach concerns the specific

form of the moral hazard problem whereby greater innovation effort fol-
lows from less risk sharing (more “high-powered” rewards). Though this
is natural, it should be noted that there are alternatives. For example, one
could formulate amodel in which entrepreneurs take greater (socially ef-
ficient) risks when there is better risk sharing. This might follow from the
presence of partially uninsured income risk for entrepreneurs. Though
this is an interesting avenue to pursue, what we have focused on is the ca-
nonical moral hazard problem highlighting the risk-reward trade-off in
risky activities (entrepreneurship). We believe that investigating the im-
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plications of partially uninsured income risk for risk taking is an interest-
ing area for research and the exact implications of risk sharing for inno-
vative activities need to be investigated both theoretically and empirically
in future work.
Third, the assumption that there are only two levels of effort also sig-

nificantly simplifies our analysis. Without this assumption, the main eco-
nomic forces in our model would still lead to an asymmetric equilibrium
with one country becoming the technology leader and choosing to in-
duce higher effort than the follower countries (when the world technol-
ogy frontier takes the form of [5]; otherwise, there will typically be several
countries playing the role of the technology leader). But the degree of
asymmetry would change over timebecause the effort level in all countries
would change along the equilibrium path, and we have therefore simpli-
fied the analysis and the discussion by focusing on two levels of effort.
Fourth, the global linkages in our model are purely technological,

whereas in reality there are trade-induced and financial linkages as well.
Though we believe that the technological linkages we have emphasized,
which imply that when one country is advancing the world technology
frontier this creates the possibility for others to free ride on this effort,
are important, some of these other linkages may lead to asymmetric world
equilibria as well. For instance, when countries trade, there are comple-
mentary reasons for them to end up with different reward structures;
some sectors may benefit from cutthroat reward structures while others
benefit from the better risk sharing resulting from cuddly reward struc-
tures. In a world equilibrium with trade, some countries will specialize
in sectors benefiting from cutthroat incentives and may then find it ben-
eficial to provide such incentives, while others opt for cuddly incentives
and specialize in sectors that benefit from such cuddly incentives.12

Fifth, we have also simplified the analysis by assuming that reward struc-
tures are determined to maximize discounted utility, not by domestic po-
litical economy considerations. This assumption is also adopted for sim-
plicity, and in reality, political economy considerations are central, and
different reward structures will create different winners and losers. Ab-
stracting from these considerations has enabled us to delineate the key
force leading to an asymmetric world equilibrium. In Section VI, we show
how domestic political constraints, modeled in a simple manner, interact

12 Relatedly, see Acemoglu and Ventura (2002) for terms of trade effects linking growth
and welfare across countries, Chatterjee (2010) for a model of asymmetric policies creating
comparative advantage, and Levchenko (2007) on the linkages between institutions and
trade. See also the recent paper by Guimaraes and Sheedy (2017), which proposes a related
mechanism for institutional specialization based on the differential value of rule of law in
an international trade equilibrium depending on whether other countries do or do not
have rule of law.
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with the forces we have highlighted so far and play the role of selecting
which country will be a technology leader with cutthroat incentives.

V. Extensions

In this section, we extend our main results in two dimensions. First, we
characterize the world equilibrium under the more general preferences
introduced in (8). Second, we show that our results hold with the gen-
eral convex form of the world technology frontier given in (6).

A. General Preferences

In this subsection, we return to themore general preferences introduced
in (8), which separate the coefficient of relative risk aversion, v, from the
parameter that determines the willingness of the social planner to trade
off consumption differences across cohorts, l. This requires us to modify
assumptions 2 and 3 slightly to take account of the fact that v ≠ l.
Assumption 20.

r 2 1 2 lð Þgc > 0:

Notice that once v ≠ l, what is relevant to ensure that the social plan-
ner’s discounted utility is bounded away from infinity is l, since it regu-
lates how future increases in utility are valued today.
Assumption 30.

qc

qo

� 	1=ð12vÞ
>

r 2 1 2 lð Þgc
r 2 1 2 lð Þgo

� �1=ð12lÞ
:

The structure of world equilibrium in this setting parallels proposi-
tion 2 and features three regimes. In the first regime, which is similar
to part 1 of proposition 2, followers distant enough from the leader adopt
a cutthroat reward structure, while followers close enough to the leader
switch to cuddly incentives. The second regime, which is similar to part 2
of proposition 2, is also asymmetric but features amixed reward structure
in the long run, where only a fraction of entrepreneurs receive cuddly in-
centives. The third regime, which is analogous to part 3 of proposition 2,
once again involves institutional and technological convergence across
all countries in the long run.
Despite these similarities, there are noteworthy differences as well.

First, the roles of the coefficient of relative risk aversion, v, and the willing-
ness of the social planner to substitute consumption across cohorts, l, are
nowmore clearly delineated: v is relevant whenever the decision concerns
individual entrepreneurs’ risk-takingbehavior, while l regulates the social
planner’s intertemporal calculus. One consequence of this separation is
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that, in contrast to the last part of proposition 3, an increase in v always
makes an asymmetric equilibrium more likely when g is small, not just
when v < 1.13 A more distinctive consequence of the separation between
v and l is that the institutional dynamics are now richer and featuremixed
rewards that emerge and then disappear along the transition path (as op-
posed to proposition 2, where mixed rewards emerge only at the end of a
transition path). The reason is that, instead of a single threshold ~m, there
are now two critical thresholds, ~mc and ~mo > ~mc ; and when go=gc > ~mo > ~mc ,
a follower country that starts sufficiently behind the leader will first adopt
cutthroat incentives, then switch to mixed rewards, and then finally per-
manently transition to a cuddly reward structure. To obtain the intuition
for these richer dynamics, note that

~mo 2 ~mc 5 l 2 vð Þ gc 2 go
r 1 fgc

:

This expression implies that the gap between ~mo and ~mc reflects the dif-
ference between the innovation rate under cutthroat and cuddly incen-
tives as well as the gap between aversion to intergenerational inequality,
l, and aversion to intragenerational risks, v. Then in the intermediate re-
gion in the phase diagram between ~mo and ~mc (see fig. A5 in the Appen-
dix), rather thanimmediately switching fromtheearlierphaseofcutthroat
incentives to cuddly incentives, the social planner prefers to smooth inter-
temporal inequality at the expense of maintaining some degree of intra-
generational inequality.
Finally, when go=gc < ~mo and ~mc < 1, the equilibrium involves mixed re-

wards in the long run as in part 2 of proposition 2. It can also be verified
that when v 5 l, ~mo 5 ~mc 5 ~m, so that we recover proposition 2 exactly.
The next proposition summarizes this characterization more formally.
Proposition 6. Suppose that country social planners maximize (8),

the world technology frontier is given by (5), and assumptions 1, 20, 30,
and 4 hold, l > v, and f > ð1 2 vÞð1 2 lÞ=ðl 2 vÞ. Let

~mo ;
1 2 vð Þ gc 2 goð Þqo 1 1 2 lð Þgo qo 2 qcð Þ

qo 2 qcð Þ r 1 fgcð Þ
and

~mc ;
1 2 vð Þ gc 2 goð Þqc 1 1 2 lð Þgc qo 2 qcð Þ

qo 2 qcð Þ r 1 fgcð Þ ,

where qo, qc, go, and gc are given by (14) and (18). Then the world equi-
librium is characterized as follows. The leader country ℓ always chooses

13 A proof is available on request.
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cutthroat rewards, that is, u‘ðtÞ 5 1 for all t. For each follower j ≠ ‘, we
have the following:

1. If

go
gc

> ~mo > ~mc , (29)

there exist m, m, T, and T 0 ≥ 0 such that for njð0Þ < m1=f, the re-
ward structure of country j is cutthroat (i.e., ujðtÞ 5 1) for all t <
T ; and then at t 5 T, we have njðT Þ 5 m1=f and country j adopts
a “mixed” reward structure until T 0 ði.e., ujðtÞ ∈ ð0, 1ÞÞ for all T 0 >
t ≥ T . Then at t 5 T 0, we have njðT 0Þ 5 m1=f and country j switches
to a cuddly reward structure (i.e., ujðtÞ 5 0) for all t ≥ T 0, and
njðtÞ → ðgo=gcÞ1=f.

2. If

go
gc

< ~mo and ~mc < 1, (30)

then there exist m and m such that for m1=f < njð0Þ < m1=f, the re-
ward structure of country j is mixed (i.e., ujðtÞ ∈ ð0, 1Þ) for all t,
and ðmjðtÞ, ujðtÞÞ → ðm*, u*Þ. If njð0Þ < m1=f, then country j first
adopts a cutthroat reward structure (i.e., ujðtÞ 5 1) until some T ≥
0 and then switches to a mixed reward structure, again converg-
ing to a unique (m*, u*); and if njð0Þ > m1=f, then country j first
adopts a cuddly reward structure (i.e., ujðtÞ 5 0) until some T 0 ≥
0 and then switches to a mixed reward structure, again converging
to a unique (m*, u*).

3. If

~mo > ~mc > 1, (31)

then for any njð0Þ < 1, the reward structure of country j is cut-
throat for all t (i.e., ujðtÞ 5 1 for all t).

B. General Convex Aggregators for World Technology Frontier

We next show that the main result of this section holds with general ag-
gregators of the form (6) provided that these aggregators are sufficiently
“convex,” that is, putting sufficient weight on technologically more ad-
vanced countries (we also return to the baseline preferences given by
[7], but the same result holds with [8]). The main difference from the
rest of our analysis is that with such convex aggregators, the world growth
rate is no longer determined by the reward structure (and innovative ac-
tivities) of a single technology leader, but by a weighted average of all
economies. Nevertheless, the same economic forces are present because
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the convexity of these aggregators implies that the impact on the world
growth rate of a change in the reward structure of a technologically ad-
vanced country would be much larger than that of a backward economy,
and this induces the relatively advanced economies to choose cutthroat
reward structures, while relatively backward countries can free ride and
choose cuddly reward structures, safe in the knowledge that their impact
on the long-run growth rate of the world economy (and thus their own
growth rate) will be small.
Proposition 7. Suppose that assumptions 1 and 2 hold, that qo=qc >

go=gc , and that the world technology frontier is given by (6). Then there
exist �j < 0, �r > 0, �v < 1, and �g < 1 such that when j ∈ ð�j, 0Þ, r ≤ �r, v > �v,
and g > �g, there is no symmetric world equilibrium with all countries
choosing the same reward structure. Instead, there exists T < ∞ such that
for all t > T, a subset of countries will choose a cutthroat reward structure
while the remainder will choose a cuddly or mixed reward structure.
Observe that the assumption that r ≤ �r and qo=qc > go=gc replaces as-

sumption 3 for this case, and g > �g ensures that a symmetric equilibrium
in which all countries adopt cutthroat incentives does not exist. The con-
dition that j has to be above some �j < 0 is also intuitive: if j approaches
2∞ (so that the world technology frontier becomes linear), techno-
logically more advanced and more backward economies have similar con-
tributions to the world technology frontier and thus removes the economic
rationale for an asymmetric equilibrium in which the contributions of the
more advanced economies to world technology enable the rest to choose
cuddly incentives. Finally, the condition v > �v implies that the risk-sharing
problem has to be sufficiently important to ensure that a cuddly strategy
is attractive for some countries. Note also that we are not imposing as-
sumption 4 in this case because this proposition does not characterize
the full equilibrium dynamics, where assumption 4 was previously used;
rather, it shows that asymptotically some countries will adopt cutthroat in-
centives while the rest do not (which is true without relying on assump-
tion 4).

VI. Equilibrium under Domestic Political Constraints

In this section, we discuss how domestic political constraints can influ-
ence the world equilibrium. For simplicity, consider a world economy
consisting of two countries, j and j 0, starting out with the same technology
level, that is, Nj 0 ð0Þ 5 Njð0Þ, and suppose that the world technology fron-
tier is given by (5). Let us also relax assumption 4 so that asymmetric
equilibria in which countries that initially start out behind later become
the technology leader are possible.
Suppose that there are domestic political constraints in country j, for

example, imposed by a social democratic party or a labormovement, lim-

asymmetric growth and institutions 1279

This content downloaded from 018.101.008.212 on February 12, 2018 11:16:32 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



iting inequality and preventing the ratio of rewards between successful
and unsuccessful entrepreneurs. In particular, suppose that this ratio in
country j cannot exceed some amount z. There are no domestic con-
straints in country j 0. If z ≥ A, then domestic constraints have no impact
on thechoiceof country j, and therecontinue tobe twoasymmetric equilibria.
Suppose instead that z < A, so that domestic political constraints make

it impossible for country j to adopt a cutthroat strategy regardless of the
strategy of country j0. Consequently, of the asymmetric equilibria, the ones
in which country j adopts a cutthroat reward structure at some point dis-
appear, and the unique equilibrium becomes the one in which country j 0

adopts the cutthroat strategy and country j chooses an egalitarian struc-
ture forever. However, from proposition 2 above, this implies that country
j will now have higher discounted utility than country j.
This simple example thus illustrates how domestic political constraints,

which restrict the amount of inequality in society, can act as a strategic
commitment device and create an advantage in world equilibrium. This
example can be generalized straightforwardly. For instance, instead of hav-
ing the two countries start out with identical technologies, the same result
applies provided that their technology levels are not too dissimilar (so
that either country becoming the technology leader is an equilibrium;
see Acemoglu et al. 2012).
An interesting implication that follows from this example is that coun-

try j, which has a stronger social democratic party, benefits in terms of
discounted utility by having both equality and rapid growth but “exports”
its potential labor conflict to country j 0, which now has to choose a reward
structure with significantly greater inequality.
In the context of the comparison of the United States to Scandinavian

economies, the latter clearly have a history of a stronger labor movement
and social democratic party, suggesting that this might have been one of
the factors influencing the specific pattern of asymmetric world equilib-
rium that has developed over the last several decades (e.g., Baldwin 1992;
Friedman 2010).

VII. Case Study Evidence from the Pharmaceutical Industry

In this section we discuss the industrial organization of the global phar-
maceutical sector, one of the most innovation-intensive parts of the econ-
omy, and one of the high-tech sectors in which the United States ap-
pears to have a global lead.14 We seek to establish four main claims,

14 Besides pharmaceuticals, important high-tech sectors in which the United States ap-
pears to be the world technology leader include aerospace, communication equipment,
and computer machinery. See Sciences and Engineering Indicators Reports (2002, 2012),
chap. 6, “Industry, Technology and the Global Marketplace” at https://wayback.archive-it
.org/5902/20150818104216/http://www.nsf.gov/statistics/seind02/pdf/c06.pdf and
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which are consistent with the major assumptions and predictions of our
model: (i) there are large cross-national spillovers in pharmaceutical re-
search anddevelopment; (ii) there are large, persistent differences between
the United States and other OECD countries in drug prices/markups,
which result mostly from drug price controls in the latter set of countries
and which, similarly to our distinction between cuddly and cutthroat re-
ward structures, translate into different rewards to pharmaceutical innova-
tions: (iii) “cuddly” countries, withdrugprice controls that result in cheaper
domestic access to drugs, contribute less to global new drug discoveries
than does the “cutthroat”United States; and (iv) politicians in the United
States and other OECD countries are aware of and seek to maintain this
discriminatory pricing arrangement, suggesting an asymmetric global po-
litical economy equilibrium along the lines of our model.
Innovation plays a central role in the pharmaceutical industry, with

R&D accounting for roughly $800 million per major new drug according
to one study (DiMasi, Hansen, and Grabowski 2003), and roughly 30 per-
cent of total costs by some estimates (Danzon 1997). Existing evidence
suggests that not only the overall amount of innovation but also the di-
rection of innovation in the sector strongly responds to profit incentives
(Acemoglu and Linn 2004; Finkelstein 2004). R&D investments create
cross-national spillovers because once a new drug is discovered, no mar-
ginal R&D costs are involved in bringing it to market in other countries
(Danzon and Towse 2003). For this reason, the pharmaceutical industry
is dominated by multinational companies, which market new drugs glob-
ally, either directly or indirectly through licensing. Because trade secrecy
is not a viable option, pharmaceutical innovations are highly susceptible
to free riding.
Consumers pay very different costs across countries for similar drugs,

mainly as a result of government policy. Golec and Vernon (2006) show,
using drug price indices, that between 1986 and 2004, inflation-adjusted
drug prices remained stable in the EuropeanUnion but rose dramatically
in the United States. The difference in prices for the exact same drugs be-
tween the neighboring United States and Canada is a particularly stark il-
lustration of this phenomenon. Quon, Firszt, and Eisenberg (2005) find
that brand-name medications are approximately 24 percent cheaper on
the websites of Canadian pharmaceutical retailers than on the websites
ofUSdrug chainpharmacies. Thesehigherdrugprices in theUnitedStates
are widely argued to be a result of the congressional ban on the federal
government negotiating drug prices with companies, whereas all other
OECD countries have adopted drug price controls (Scherer 2004). Thus

https://www.nsf.gov/statistics/seind12/c6/c6s2.htm. Though the US share of world pro-
duction in some of these sectors shows slight declines over the last two decades, this is
starting from a very high base (aerospace) or is partly a consequence of rising Chinese pro-
duction (computers).
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cross-border price disparities are preserved via laws that prohibit the re-
importation of prescriptionmedicines fromother countries, though there
is a large illegal cross-border drug reimportation trade (Bhosle and Bala-
krishnan 2007).
The trade-offbetween “theaffordability ofdrugsand technologicalprog-

ress” is widely acknowledged in the pharmaceutical industry (Scherer
1993, 2004). In our model, countries at the world technology frontier dis-
proportionately contribute to the incentives for innovation while coun-
tries behind the frontier can free ride on these incentives and enjoy “cud-
dlier” domestic institutions. Although, given the multinational nature of
pharmaceutical companies, the issue is difficult to assess empirically, there
is prima facie evidence that US firms invest more in new drug develop-
ment, presumably in part because they are more profitable.15 Specifically,
in 2006, the most recent year for which data are available, R&D divided by
sales for the US pharmaceutical industry stood at 21.8 percent, while the
same number was 10.4 percent for German firms, 8.7 percent for French
firms, 1.5 percent for Italian firms, 6.2 percent for Spanish firms, 10 per-
cent for Dutch firms, 11.1 percent for Swedish firms, and 23.1 percent for
British firms (OECD 2010).16 Golec and Vernon (2006) confirm that
the US pharmaceutical industry is more profitable, with the profitability
of US firms between 1993 and 2004 standing at 17.1 percent, while that of
EU-based firms averaged 12.2 percent.
Various papers in the literature indeed link profitability and drugprices

to innovation intensity. Danzon,Wang, andWang (2005) analyze the launch
of 85 new drugs in 25 major markets and find that even though new drugs
reach all major markets, they are launched earlier in countries with higher
expecteddrugprices, notably in theUnited States. Scherer (2001) finds that
within the United States, R&D outlays closely track profits over time, in
terms of both long-term trends and short-term deviations from trend,
a finding echoed by Giaccotto, Santerre, and Vernon (2005). As a result,
Kneller (2010) reports that, between 1998 and 2007, the majority of the
252 new drugs approved by the Food and Drug Administration in the
United States, where all major global drugs seek approval, were patented
by US-based firms and research entities.
Finally, there is evidence that policy makers in the United States and

European countries are aware of this discriminatory pricing practice but

15 The degree of multinationalization of the pharmaceutical sector derives in particular
from the fact that European firms also benefit from the more profitable US market. For
example, Gambardella, Orsenigo, and Pammolli (2000) report that in 1999, US firms ac-
counted for 60 percent of the North American market and 26.1 percent of the European
market, while European firms had a market share of 24 percent in North America and
45.7 percent in Europe.

16 The numbers reported by the OECD are surprisingly volatile, however, and in some
years, somewhat implausibly, the US pharmaceuticals’ R&D to sales ratio is reported to
be as low as 8 percent.
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view it as their best response to preserve it. This is seen clearly in the ef-
forts in both the United States and Canada to prevent the equalization
of drug prices via cross-border trade. Though more than 70 percent of
Americans above 50 report that they would buy drugs from Canada if it
were allowed (Choudhry and Detsky 2005), prescription drug reimporta-
tion is illegal in the United States (Bhosle and Balakrishnan 2007). The
Canadian Pharmacists’ Association also supports the ban of the exporta-
tion of drugs from Canada to the United States. Meanwhile, proposals
in the United States that the federal government negotiate drug prices
with pharmaceutical companies have consistently been defeated on the
grounds that this would stifle innovation and competition (Moffitt 2013).
In fact, while in other OECD countries governments utilize their bargain-
ing power as managers of national health care schemes to negotiate and
control drug prices, the United States did not implement drug price con-
trols or negotiation as part of the Affordable Care Act. Though it is diffi-
cult to separate absence of price controls in the United States from the
lobbying of rent-seeking pharmaceutical companies (Marmor andHacker
2005), it is clear that politicians have been more successful in leveraging
these arguments to block drug price controls in the United States than
politicians in other OECD countries.
Overall, consistent with our model’s emphasis, in the pharmaceutical

sector, where global free riding on innovation is commonplace, there are
major differences in innovation incentives, ranging frommore “cutthroat”
ones in the United States to more “cuddly” ones in many European mar-
kets, often supported by price control policies. Echoing our notion of a sta-
ble, asymmetric institutional equilibrium, policymakers in both cuddly and
cutthroat systems appear to understand the economic forces that make
this discriminatory pricing arrangement stable.

VIII. Conclusion

In this paper, we have taken a first step toward a systematic investigation
of institutional choices in an interdependent world, where countries
trade or create knowledge spillovers on each other. Focusing on a model
in which all countries benefit and potentially contribute to advances in
the world technology frontier, we have suggested that world equilibrium
may necessarily be asymmetric. In our model economy, because effort by
entrepreneurs is private information, a greater gap of incomes between
successful and unsuccessful entrepreneurs, and thus greater inequality
at the top of the income distribution, increases innovative effort and a
country’s contributions to the world technology frontier. Under plausi-
ble assumptions, in particular with sufficient risk aversion and a suffi-
cient return to entrepreneurial effort, some countries will opt for a type
of “cutthroat” capitalism that generates greater inequality and more in-
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novation and will become the technology leaders, while others will free
ride on the cutthroat incentives of the leaders and choose a more “cud-
dly” form of capitalism.
We have also shown that, somewhat paradoxically, starting with similar

initial conditions, those that choose cuddly capitalism, though poorer,
will be better off than those opting for cutthroat capitalism. This config-
uration is an equilibrium all the same, because cutthroat capitalists can-
not switch to cuddly capitalism without having a large impact on world
growth, which would ultimately reduce their own welfare.
This perspective therefore suggests that the diversity of institutions we

observe among relatively advanced countries, ranging from greater in-
equality and risk taking in the United States to the more egalitarian soci-
eties supported by a strong safety net in Scandinavia, rather than reflect-
ing differences in fundamentals between the citizens of these societies,
may emerge as a mutually self-reinforcing world equilibrium. If so, in
this equilibrium, “we cannot all be like the Scandinavians,” because Scan-
dinavian capitalism depends in part on the knowledge spillovers created
by the more cutthroat American capitalism.
There are several research directions suggested by our paper. First, our

work painted a stark picture of a world consisting of technological lead-
ers operating under cutthroat incentives and followers adopting either
cuddly ormixed reward systems. The reality is clearly more complex, with
both considerable sectoral heterogeneity and major differences in inno-
vation and productivity across European countries, with the Scandina-
vian countries exhibiting greater levels of R&D intensity and innovative-
ness than much of the rest of Europe. A fruitful direction would be to
incorporate other dimensions of country and sectoral productivity in a
model of interdependent world equilibrium. Second, and relatedly, as
we have already noted, there are reasons why better risk sharing may also
encourage entrepreneurship by insuring entrepreneurs against the worst
risks. Future research could further investigate the optimal mix of risk
sharing and incentives in a world equilibrium and whether the interplay
of these two forces accounts for why some cuddly capitalists, like the Scan-
dinavian ones, may have the lead in some sectors, while cutthroat incen-
tives may remain necessary for technological leadership in themost high-
tech sectors. Third, we have also ignored the importance of a safety net
and redistribution in the supply of potential entrepreneurs (e.g., by gen-
erating a sufficient number of high human capital agents in the econ-
omy). Incorporating these considerations would also open the way to a
richer analysis of the optimal design of redistribution and incentives for
innovation in a world equilibrium. Fourth, another promising research
direction might be to develop the theoretical ideas toward asymmetric
world equilibria resulting from trade linkages pointed out in Section IV.H.
Specifically, when different sectors benefit differentially from high-powered
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incentives and risk sharing, and reward structures cannot be differentially
calibrated for sectoral needs but must be chosen at the country level, spe-
cialization induced by trade might trigger institutional divergence. This
channel not only is theoretically distinct but alsomakes different empirical
predictions, for example, concerning the prerequisites of asymmetric insti-
tutional equilibria and the feedbacks from different institutions to sectoral
productivity and investment.
Finally, we should emphasize that the ideas developed in this paper are

speculative. We have theoretically shown that a specific type of asymmet-
ric equilibrium emerges in the context of a canonical model of growth—
with knowledge spillovers combined with moral hazard on the part of
entrepreneurs.Whether these ideas contribute to the actual divergent in-
stitutional choices among relatively advanced nations is largely an em-
pirical question. Some possible avenues for empirical work include in-
vestigation of whether more high-powered incentives for entrepreneurs
are associated with higher rates of innovation, greater numbers of high-
impact patents, higher productivity, and greater export intensity in the
most R&D-intensive industries (relative to other industries), and study
of the related but distinct sectoral predictions of the aforementioned
trade version of interdependent world equilibrium, where institutional
choices depend on sectoral specialization.

Appendix

Proofs of Main Results from the Text

Derivation of Equation (12)

To derive (12), we need to characterize the equilibrium prices and quantities in
country j as a function of current technology Nj(t). This follows directly from
chapter 18 of Acemoglu (2009). Here it suffices to note that the final good pro-
duction function (1) implies iso-elastic demand for intermediates with elasticity
1=b, and thus each monopolist will charge a constant monopoly price of w=ð1 2
bÞ, where recall that w is themarginal cost in terms of the final good of producing
any of the intermediates (given its blueprint, which is either invented or adapted
from the world technology frontier). Our normalization that w ; 1 2 b then im-
plies that monopoly prices and equilibrium quantities are given by pjðn, tÞ 5 1
and xjðn, tÞ 5 Lj 5 1 for all j, n, and t. This gives that total expenditure on inter-
mediates in country j at time t will be XjðtÞ 5 ð1 2 bÞNjðtÞ, while total gross out-
put is

Yj tð Þ 5 1

1 2 b
Nj tð Þ:

Therefore, total net output, left over for distributing across all workers/entre-
preneurs, is NY jðtÞ ; YjðtÞ 2 XjðtÞ 5 BN jðtÞ, with B ; bð2 2 bÞ=ð1 2 bÞ as in
equation (10) in the text, leading to (12). QED
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Proof of Proposition 2

In the text, we presented a diagrammatic argument for proposition 2. Here, we
provide a full derivation, also establishing uniqueness. For this purpose, we dif-
ferentiate (21) and combine it with (22) to obtain

_W tð Þ 5 ½r 2 1 2 vð Þgc 1 fgc �W tð Þ
1 qo 2 qcð Þ r 1 fgcð Þm tð Þ½ð12vÞ=f�21½~m 2 m tð Þ�: (A1)

Integrating (A1), we have

W tð Þ 5 qo 2 qcð Þ r 1 fgcð Þ
ð∞

t

e2½r2 12vð Þgc1fgc � t2tð Þm tð Þ½ð12vÞ=f�21½m tð Þ 2 ~m�dt: (A2)

Note also a special feature of this problem. We have that

∂½q u tð Þð Þm tð Þð12vÞ=f�=∂u
∂ g u tð Þð Þ 2 gcm tð Þ½ �=∂u 5

qc 2 qo

gc 2 go
m tð Þð12vÞ=f

is independent of u(t). Therefore, from proposition 2 of Spence and Starrett
(1975), whenever a candidate solution that reaches a steady state in finite time
exists, this defines a most rapid approach path (MRAP) that gives the unique
global maximum.

In this light, now consider first part 2 of the proposition, where 1 > ~m > go=gc .
Then

u tð Þ 5
0 if m tð Þ > ~m

u* if m tð Þ 5 ~m

1 if m tð Þ < ~m,

8>><
>>:

with u* given such that ~m 5 g ðu*Þ=gc satisfies (20) in the text, that is, WðtÞ 5 0.
(Observe that this equation is identical to [24] since mðtÞ 5 ~m if and only if
kðtÞ 5 ~k, but there is no reason in this proof to adopt this second change of var-
iable, which was useful for the diagrammatic analysis.)Moreover, whenmðtÞ 5 ~m,
_mðtÞ 5 0, and thus (20) holds at all dates. The resulting path defines an MRAP
and is thus the unique global maximum, establishing part 2 of the proposition.

Next consider part 3, where ~m > 1. In this case, WðtÞ < 0 for all t (regardless
of initial conditions), and thus uðtÞ 5 1 for all t defines an MRAP, establishing
part 3 of the proposition.

Finally, consider part 1, where ~m < go=gc . Ifmð0Þ ≥ go=gc , then (22) implies that
mðtÞ ≥ go=gc > ~m for all t. Hence (A2) implies that WðtÞ > 0 for all t, and thus
uðtÞ 5 0 for all t (which also implies from [22] that m(t) is monotonically de-
creasing toward go=gc). This again defines an MRAP, yielding the desired result.

The only remaining case is the one in which ~m < go=gc and mð0Þ < go=gc . Note
that in this case the solution must have uðtÞ 5 0 or uðtÞ 5 1 for almost all times
(since mðtÞ 5 ~m for all t is not feasible). We now prove, with the help of the next
lemma, that in this case the unique optimal path is given by part 1 of the prop-
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osition, that is, uðtÞ 5 1 for all t ≤ T and uðtÞ 5 0 for all t > T for some T (or
conversely for nðtÞ ≥ �m1=f for some �m).

Lemma A1. When ~m < go=gc , there exists T < ∞ such that uðtÞ 5 1 for t < T
and uðtÞ 5 0 for t > T.

Proof. First, uðtÞ 5 1 for all t is not optimal in view of the fact that ~m < go=gc .
Therefore, there exists at least some interval in which uðtÞ 5 0. Take [T1, T2) to
be the first such interval.

If T2 5 ∞, the lemma is proved. To obtain a contradiction, suppose that T2 <
∞. We then can show that this leads to a contradiction.

Note first that W(t) defined by (A2) is continuously differentiable. Moreover,
by definition, WðT1Þ 5 WðT2Þ 5 0 and WðtÞ < 0 for t ∈ ðT1, T2Þ. This implies that

m tð Þ 5 m T1ð Þe2fgc t2T1ð Þ 1
go
gc
½1 2 e2fgc t2T1ð Þ� for t ∈ T1, T2½ Þ:

Once again because ~m < go=gc , uðtÞ 5 1 at all time t ≥ T2 is not optimal, and thus
there exists T3 < ∞ such that uðtÞ 5 1 and thus WðtÞ > 0 for t ∈ ½T2, T3�, and also
WðT2Þ 5 WðT3Þ 5 0, and WðT3 1 eÞ < 0 for e > 0 small enough. Hence

m tð Þ 5 m T2ð Þe2fgc t2T2ð Þ 1 1 2 e2fgc t2T2ð Þ for t ∈ T2, T3½ Þ: (A3)

Combining this with (A1), we have

_W T1ð Þ 5 1 2 vð Þ qc 2 qoð Þ r 1 fgcð Þm T1ð Þ½ð12vÞ=f�21 ~m 2 m T1ð Þ½ �,
_W T2ð Þ 5 1 2 vð Þ qc 2 qoð Þ r 1 fgcð Þm T2ð Þ½ð12vÞ=f�21 ~m 2 m T2ð Þ½ �,
_W T3ð Þ 5 1 2 vð Þ qc 2 qoð Þ r 1 fgcð Þm T3ð Þ½ð12vÞ=f�21 ~m 2 m T3ð Þ½ �:

Now, if mðT1Þ > go=gc , m(t) is decreasing in t for t ∈ ½T1, T2� with mðT2Þ > go=gc .
This implies ~m < go=gc < mðT2Þ < mðT1Þ, and thus _WðT1Þ < 0 and _WðT2Þ < 0,
which contradicts WðT1Þ 5 WðT2Þ 5 0.

If, instead, mðT1Þ < go=gc , then m(t) is increasing in t for t ∈ ½T1, T2� with
mðT2Þ < go=gc . In addition:

1. If ~m < mðT1Þ < mðT2Þ, then _WðT1Þ < 0 and _WðT2Þ < 0, leading to a contra-
diction.

2. If mðT1Þ < mðT2Þ < ~m < go=gc , then _WðT1Þ > 0 and _WðT2Þ > 0, yielding an-
other contradiction.

3. If mðT1Þ < ~m < mðT2Þ < go=gc , then uðtÞ 5 1 and WðtÞ < 0 for t ∈ ðT2, T3Þ,
and thus WðT2Þ 5 WðT3Þ 5 0, and (A3) implies that m(t) is increasing on
[T2, T3] and mðT2Þ < mðT3Þ. But this implies _WðT2Þ < 0 and _WðT3Þ < 0,
which gives a contradiction combined with WðT2Þ 5 WðT3Þ 5 0, establish-
ing the lemma.

QED
This lemma thus implies that in the case in which ~m < go=gc , the equilibrium

will involve uðtÞ 5 1 for all t ≤ T and uðtÞ 5 0 for all t > T. Then from (22) eval-
uated with uðtÞ 5 1, we define mðT Þ 5 �m to complete the proof of the proposi-
tion. QED
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Proof of Proposition 3

The condition that ~m < 1 can be written as

~m 5
1 2 v

1 2 Q

gc 2 Qgo
r 1 fgc

< 1, (A4)

where

Q ;
qc

qo

;
½q1A12v 1 1 2 q1ð Þ� 1 2 gð Þ12v

½q1A 1 1 2 q1ð Þ�12v
> 0,

with A given as in equation (9). First note that Q does not depend on go, and thus
a higher go reduces the left-hand side of (A4) and makes this inequality more
likely to hold, establishing the second claim. Next Q also does not depend on f,
and thus a higher f makes (A4) more likely to hold as well, establishing the sec-
ond claim.

To prove the first claim, observe that

∂~m
∂g

5
1

r 1 fgc

Q gc 2 goð Þ
1 2 Qð Þ2 1 2 vð Þ ∂Q=∂g

Q
1 A 1 2 vð Þ ∂Q=∂A

Q

∂A=∂g
A

� �
:

We next show that the term in brackets on the right-hand side is negative, estab-
lishing that ~m is decreasing in g and thus the first claim in the proposition.

Lemma A2. Suppose that assumption 1 holds. Then

1 2 vð Þ ∂Q=∂g
Q

< 0, 1 2 vð Þ ∂Q=∂A
Q

< 0,
∂A=∂g

A
> 0:

Proof. Straightforward differentiation gives

1 2 vð Þ ∂Q=∂g
Q

5 2
1 2 vð Þ2
1 2 g

< 0,

1 2 vð Þ ∂Q=∂A
Q

5
1 2 vð Þ2q1 1 2 q1ð ÞðA2v 2 1Þ

½q1A12v 1 1 2 q1ð Þ� q1A 1 1 2 q1ð Þ½ � < 0,

and

∂A=∂g
A

5
1 2 gð Þ2v q1 2 q0½ �

½1 2 q0 2 1 2 q1ð Þ 1 2 gð Þ12v�½q1 1 2 gð Þ12v2q0�
> 0:

QED
We next turn to the third claim. We have

∂~m=∂v
~m

5
1

1 2 v
21 1

∂Q
∂v

gc 2 goð Þ 1 2 vð Þ
gc 2 Qgoð Þ 1 2 Qð Þ

� �
,
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∂Q=∂v
Q

5 2 log 1 2 gð Þ 2 q1A12v log A

q1A
12v 1 1 2 q1ð Þ 2 log½q1A 1 1 2 q1ð Þ�

1 1 2 vð Þ ∂A
∂v

q1 1 2 q1ð ÞðA2v 2 1Þ
½q1A12v 1 1 2 q1ð Þ� q1A 1 1 2 q1ð Þ½ � ,

and

1 2 vð Þ ∂A=∂v
A

5
q1 2 q0ð Þ 1 2 gð Þ12vlog 1 2 gð Þ

½ 1 2 q0ð Þ 2 1 2 q1ð Þ 1 2 gð Þ12v�½q1 1 2 gð Þ12v2q0�

1
1

1 2 v
flog½ 1 2 q0ð Þ 2 1 2 q1ð Þ 1 2 gð Þ12v�

2 log½q1 1 2 gð Þ12v2q0�g:

Consider next a first-order Taylor expansion of A around g 5 0, which gives
log A ≃ g=ðq1 2 q0Þ and

1 2 vð Þ 1
A

∂A
∂v

≃ constant � g2:

Therefore, ignoring second-order terms in g, we have that around

g 5 0;

∂Q=∂v
Q

≃ g 2
q1g

q1 2 q0
2 log 1 1

q1g

q1 2 q0

� 	

≃ g 2
2q1g

q1 2 q0
5 2

q1 1 q0ð Þg
q1 2 q0

< 0:

Therefore, there exists a value �g > 0 such that for g < �g, ð∂Q=∂vÞ=Q < 0 and thus
∂~m=∂v < 0 when v < 1, establishing the third claim. QED

Proof of Proposition 4

Consider the case in which njð0Þ 5 1. Then the result follows immediately from
the proof of proposition 2. In particular, recall that in part 1 or part 2 of that
proposition, the maximization problem of the social planner of country j ≠ ‘
has a strictly higher value with cuddly reward structures (asymptotically) than
with a cutthroat reward structure. If country j were to choose a cutthroat struc-
ture, it would have exactly the same discounted utility as country ℓ, and thus at
njð0Þ 5 1, country j has strictly higher discounted utility than country ℓ. Next
by continuity, this is also true for njð0Þ > 1 2 d for d sufficiently small and posi-
tive. QED

Proof of Proposition 5

To simplify notation, let us focus on the case with two countries, ‘ 5 1 and j5 2.
Suppose that there exists another equilibrium than the one characterized in prop-
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osition 2 in which country ‘ 5 1 still remains the leader throughout. This means
that either country 1 adopts u1ðtÞ 5 1 throughout and country 2 adopts a differ-
ent strategy than in proposition 2 or country 1 adopts u1ðtÞ 5 0 for some (posi-
tive measure) interval. But the first possibility is ruled out by the proof of prop-
osition 2, while the second one would be contradicted by the fact that under
assumption 3 and the hypothesis that it is always the leader, country 1 would ob-
tain strictly lower discounted utility if u1ðtÞ 5 0 for some interval.

Next consider the case in which there exists another equilibrium in which
country ‘ 5 1 ceases to be the technology leader at some point T. We now char-
acterize the lowest possible value of T, which results when country ‘ 5 1 adopts
u1ðtÞ 5 0 and country 2 adopts u2ðtÞ 5 1 until T. This is given as the solution to

N1 Tð Þ 5 N2 Tð Þ,
where

N1 tð Þ 5 N1 0ð Þego t ,

N2 tð Þ 5 N2 0ð Þf1 gc
go
ðefgo t 2 1Þ½N1 0ð Þ�f

� 1=f

,

where these expressions follow directly from (16). Solving these three equations
together gives us the date at which technological leadership switches from coun-
try 1 to country 2 as

T 5
1

fgo
ln

gc
go

2 n 0ð Þf
gc
go

2 1

2
64

3
75: (A5)

Next consider the discounted utility of country ‘ 5 1 at time t 5 0 in an equi-
librium in which there is this most rapid switch of leadership from it to the fol-
lower country. This can then be written as

W1 0ð Þ 5 f1 2 e2½r2 12vð Þgo �Tg qo

r 2 1 2 vð Þgo 1 e2rTW1 Tð Þ,

whereW1ðT Þ is the continuation utility of country 1 after T when the technology
leadership shifts to country 2. Clearly W1ðT Þ ≤ e ð12vÞgoTqo=½r 2 ð1 2 vÞgc �, in view
of the fact that consumption has grown at the rate go until date T and can grow at
most at the rate gc thereafter, and qo corresponds to the highest flow utility (re-
sulting from cuddly incentives). So W1ð0Þ can be upper-bounded by

Wo
1 0ð Þ 5 f1 2 e2½r2 12vð Þgo �Tg qo

r 2 1 2 vð Þgo 1 e
2½r2 12vð Þgo �T
1

qo

r 2 1 2 vð Þgc :

In contrast, choosing cutthroat incentives from the beginning gives country 1
discounted utility

W c
1 0ð Þ 5 qc

r 2 1 2 vð Þgc :

The condition thatWc
1ð0Þ > Wo

1ð0Þ would be sufficient to rule out equilibria with
the most rapid switch of leadership. In view of the previous two expressions, this
is equivalent to
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qc

r 2 1 2 vð Þgc > 1 2 e2½r2 12vð Þgo �T� � qo

r 2 1 2 vð Þgo
1 e

2½r2 12vð Þgo �T
1

qo

r 2 1 2 vð Þgc ,
qc

r 2 1 2 vð Þgc >
qo

r 2 1 2 vð Þgo

� r 2 1 2 vð Þ e2½r2 12vð Þgo �T go 1 1 2 e2½r2 12vð Þgo �Tf ggcð Þ
r 2 1 2 vð Þgc

� �
,

or rearranging (and noting that ð1 2 vÞqo is always positive), it is equivalent to

T > T * ; 2
1

r 2 1 2 vð Þgo lnG , (A6)

where

G ;
½r 2 1 2 vð Þgo �qc 2 ½r 2 1 2 vð Þgc �qo

gc 2 goð Þ 1 2 vð Þqo

:

Assumption 3 ensures that G > 0. Moreover, it can be verified that G < 1, which
ensures T * > 0. To see this, suppose G ≥ 1, which implies

½r 2 1 2 vð Þgo �qc 2 ½r 2 1 2 vð Þgc �qo ≥ gc 2 goð Þ 1 2 vð Þqo ,

or after canceling common terms from both sides and rearranging,

½r 2 1 2 vð Þgo � qc 2 qoð Þ > 0,

which is impossible.
Now combining (A6) with (A5) and rearranging, we have that

n 0ð Þ < n ;
gc 2 gc 2 goð ÞG2fgo=½r2 12vð Þgo �

go

� 1=f

(A7)

is thus sufficient for Wc
1ð0Þ > Wo

1ð0Þ. To ensure that n > 0, it is sufficient to have
f ∈ ð0, f0Þ, where

f0 ; 2
ln½gc= gc 2 goð Þ�= ln G

½r 2 1 2 vð Þgo �=go :

This establishes that for f < f0 and nð0Þ < n, there is no equilibrium in which
country 1 chooses u1ðtÞ 5 0 for some time interval [0, T ) until it loses the tech-
nology leadership.

We next show that there exist no equilibria in which country 1 chooses u1ðtÞ 5
1 for some time interval [0, T 00) and then reverts to u1ðtÞ 5 0 at t 5 T 00 (and may
or may not revert to u1ðtÞ 5 1 again). (The proof for the case in which country 1
first chooses u1ðtÞ 5 0 for some time interval [0, T 0) and then u1ðtÞ 5 1 over
[T 0, T 00) and then reverts to u1ðtÞ 5 0 at t 5 T 00, with possibly further switches
in the future, is also analogous and is omitted.)

This can be established by the following reasoning. First, suppose that u2ðtÞ 5
0 for all t ∈ ½0, T 00Þ. Then from (16), nðT 00Þ ≤ ðgo=gcÞ1=f. From (A7), for f suffi-
ciently small, say f < f00 for some f00 > 0, n is greater than ðgo=gcÞ1=f, and thus

asymmetric growth and institutions 1291

This content downloaded from 018.101.008.212 on February 12, 2018 11:16:32 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



nðT 00Þ ≤ ðgo=gcÞ1=f < n, so that the same argument as above can be applied: either
there will be no switch in technology leadership after T 00, in which case u1ðtÞ 5 0
(for a positive measure interval) following T 00 is suboptimal from proposition 2,
or there will be a switch in technology leadership; but in that case we have that
Wc

1ðT 00Þ > Wo
1ðT 00Þ, yielding a contradiction.

Second, suppose that u2ðtÞ 5 1 during some subinterval of [0, T 00), say
½T̂ , T 000Þ ⊂ ½0, T 00Þ (if there are many such intervals, take the first). Once again
we need to focus on only the case in which there will be a switch in technology
leadership, say at some date ~T . Suppose first that nðT 000Þ < n, but in that case with
the same argument as above, W c

1ðT 000Þ > Wo
1ðT 000Þ, yielding a contradiction. Next

suppose that n ≤ nðT 000Þ < 1. Let the discounted utility of country 2 when u1ðtÞ 5
1 for t ≥ T 000 and u2ðtÞ 5 1 for t ≥ ~T > T 000 be W2ðT 000ju1, u2Þ (where u1 and u2

respectively denote u1ðtÞ 5 1 for t ≥ T 000 and u2ðtÞ 5 1 for t ≥ ~T > T 000), and
let its discounted utility when we keep its strategy at u2 but change u1(t) to
zero for some part of the time after T 00 0, represented by the strategy u0

1, be
Wequilibrium switch

2 ðT 000ju0
1, u2Þ (where the reference to “equilibrium switch” is due to

the fact that the switch and technology leadership will take this form with some
suitably chosen u0

1 that ensures such a switch). Since country 2 always benefits
from cutthroat incentives in country 1, and since we are holding u2 constant
and reducing u1, we have that for any (u1,u2) as specified above,

Wequilibrium  switch
2 ðT 000ju0

1, u2Þ ≤ W2ðT 000ju1, u2Þ:
But moreover, from proposition 2, when u1ðtÞ 5 1 for t ≥ T 000, the utility-
maximizing strategy for country 2 is u 2ðtÞ 5 0 for t ≥ T̂ ≥ T 000 (where T̂ 5 T 000

when �m1=f ≤ nðT 000Þ and T̂ > T 000 otherwise as specified in proposition 2), yielding
discounted utility Wo

2ðT 000Þ. From proposition 2 for any such (u1, u2), we have

W2ðT 000ju1, u2Þ < Wo
2ðT 000Þ,

thus establishing that for any ðu0
1, u2Þ involving an equilibrium switch in leader-

ship, we have

Wequilibrium switch
2 ðT 000ju0

1, u2Þ < Wo
2ðT 000Þ,

so that it would be a profitable deviation for country 2 to switch to u2ðtÞ 5 0 and
induce country 1 to remain the technology leader choosing u1ðtÞ 5 1. Setting
f 5 minff0, f00g completes the proof of the proposition. QED

Proof of Proposition 6

First consider country ℓ, the technology leader at time t 5 0. Given the selection
rule implied by assumption 4 that this country will remain the technology leader
and (5), the world frontier technology is the same as this country’s level of tech-
nology, that is, N ðtÞ 5 N‘ðtÞ. Then (16) implies that

_N‘ tð Þ
N‘ tð Þ 5 g u tð Þð Þ:

Then assumption 3 implies that country ℓ always prefers fully cutthroat in-
centives, that is, u‘ðtÞ 5 1.
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Next, let us focus on the problem of a follower country j ≠ ‘ and drop the sub-
script j. This can be written as

max
u tð Þ

1

1 2 l

ð∞

0

e2rt 1 2 vð Þq u tð Þð Þ½ �ð12lÞ=ð12vÞn tð Þ12lN‘ tð Þ12ldt

such that
_n tð Þ
n tð Þ 5 g u tð Þð Þn tð Þ2f2gc ,

_N‘ tð Þ 5 gcN‘ tð Þ,
n 0ð Þ 5 N 0ð Þ=N‘ 0ð Þ given:

(A8)

To simplify the algebra, it is useful to consider the same change of variable as in
the proof of proposition 2, mðtÞ ; ½N ðtÞ=N‘ðtÞ�f. Then (A8) can equivalently be
written as

max
u tð Þ

1

1 2 l

ð∞

0

e2rt 1 2 vð Þq u tð Þð Þ½ �ð12lÞ=ð12vÞm tð Þð12lÞ=fN‘ tð Þ12ldt

such that _m tð Þ 5 f g u tð Þð Þ 2 gcm tð Þ½ �,
_N‘ tð Þ 5 gcN‘ tð Þ,

m 0ð Þ 5 ½N 0ð Þ=N‘ 0ð Þ�f given:

The current-value Hamiltonian for this problem can be written as

H 5
1

1 2 l
1 2 vð Þq u tð Þð Þ½ �ð12lÞ=ð12vÞm tð Þð12lÞ=f1m tð Þf g u tð Þð Þ 2 gcm tð Þ½ �:

Consider the candidate solution given by the maximum principle, that is, as a
solution to the following equations:

∂H
∂u

5 W tð Þ ; qc 2 qoð Þ 1 2 vð Þq u tð Þð Þ½ �ðv2lÞ=ð12vÞm tð Þð12lÞ=f1m tð Þf gc 2 goð Þ

5 0 for 0 ≤ u tð Þ ≤ 1,

_m tð Þ 5 f g u tð Þð Þ 2 gcm tð Þ½ �,

_m tð Þ 5 ½r 2 1 2 lð Þgc 1 fgc �m tð Þ 2 1

f
1 2 vð Þq u tð Þð Þ½ �ð12lÞ=ð12vÞm tð Þ½ð12lÞ=f�21,

(A9)

together with the transversality condition, which takes the form

lim
t →∞

e2½r2 12lð Þgc �tm tð Þ 5 0:

If the first condition cannot be satisfied for interior u(t), we have a corner solu-
tion at zero or one.

Wenext introduce the samechangeof variable as in the text, kðtÞ ; mðtÞmðtÞðl21Þ=f,
so that

W tð Þ 5 m tð Þð12lÞ=f
qc 2 qoð Þ 1 2 vð Þq u tð Þð Þ½ �ðv2lÞ=ð12vÞ1k tð Þf gc 2 goð Þ� �

:
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This immediately implies the following optimal control as a function of k (where
we suppress the time argument from now on):

u kð Þ 5
1 if k ≥ ~k1

u* kð Þ if ~k1 > k > ~k0

0 if k ≤ ~k0,

8>>><
>>>:

(A10)

where

~k1 ;
qc 2 qoð Þ 1 2 vð Þqc½ �ðv2lÞ=ð12vÞ

f gc 2 goð Þ ,

~ko ;
qc 2 qoð Þ 1 2 vð Þqo½ �ðv2lÞ=ð12vÞ

f gc 2 goð Þ ,

u* kð Þ ;
qo

qo 2 qc

2
1

1 2 v

1

qo 2 qc

f gc 2 goð Þ
qo 2 qc

k

� �ð12vÞ=ðv2lÞ
:

(A11)

Notice also that this derivation slightly generalizes the derivation of (24) in the
text.

Then substituting for (A10) into the differential equations for _m and _m and
using the definition of k, we obtain the law of motion of the system consisting
of (m, k) as

_k 5 ½r 2 1 2 lð Þgc 1 fgc �k 2 1

f
½ 1 2 vð Þq u kð Þð Þ�ð12lÞ=ð12vÞ 1

m

2 1 2 lð Þ½go 1 gc 2 goð Þu kð Þ� k
m
,

_m 5 f½go 1 gc 2 goð Þu kð Þ 2 gcm�,

(A12)

with uðkÞ 5 0 when k ≤ ~k0, uðkÞ 5 1 when k ≥ ~k1, and uðkÞ 5 u*ðkÞ ∈ ð0, 1Þ for
~k1 > k > ~k0. In particular in the last regime where uðkÞ 5 u*ðkÞ, after substitution
of (A11) the system can be rewritten as

_k 5 r 1 fgcð Þk 2 l 2 v

1 2 v

gc 2 go
qo 2 qc

� 	ð12lÞ=ðv2lÞ
fð12vÞ=ðv2lÞ k

ð12lÞ=ðv2lÞ

m

2 1 2 lð Þ qo gc 2 goð Þ 1 go qo 2 qcð Þ
qo 2 qc

k

m
,

_m 5 f
qo gc 2 goð Þ 1 qo 2 qcð Þgo

qo 2 qc

2
1

1 2 v

gc 2 go
qo 2 qc

� 	ð12lÞ=ðv2lÞ�

� fð12vÞ=ðv2lÞkð12vÞ=ðv2lÞ 2 gcm

�
:

(A13)

More specifically, in a phase diagram in the (m, k) space, the _m 5 0 locus is given
as shown in figure A1, with the curve linking m 5 go=gc (which applies when k ≤
~k0 and thus uðkÞ 5 0) to m 5 1 (which applies when k ≥ ~k1 and thus uðkÞ 5 1)
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given from (A12) as m 5 go 1 ðgc 2 goÞuðkÞ=gc , which defines an increasing rela-
tionship. Clearly, _m > 0 above this curve and _m < 0 below this curve.

The _k 5 0 locus in the (m, k) space is derived similarly from (A12), and thus
shown in figure A2, with _k > 0 above this curve and _k < 0 below this curve.

Once we put these two curves together, equilibrium dynamics are determined
by the point of intersection. Figure A3 corresponds to the case in which go=gc >
~mo > ~mc . The two curves for _m 5 0 and _k 5 0 intersect wherem 5 go=gc . The laws
of motion of (m, k) we have just derived imply the existence of a unique stable
arm as shown in the figure. The dynamics in part 1 of the proposition follows this
figure. In particular, asymptotically (form close enough to go=gc) the follower nec-
essarily chooses u 5 0, and this is preceded by regions in which u ∈ ð0, 1Þ and
u 5 1.

Figure A4 corresponds to the case in which go=gc < ~mo and ~mc < 1, where the
intersection of the curves for _m 5 0 and _k 5 0 takes place where _m 5 0 is down-
ward sloping. The unique stable arm’s location then follows again straightfor-
wardly from the laws of motion derived above. These cases together establish
the claims in part 2.

Finally, figure A5 corresponds to the case in which ~mo > ~mc > 1, leading to the
intersection of the terms for _m 5 0 and _k 5 0 at m5 1. The shape of the unique
stable arm now implies that u 5 1 throughout.

We also note that when v 5 l, ~k0 5 ~k1, and the phase diagrams simplify to fig-
ures 1, 2, and 3 in the text.

FIG. A1.—Construction of phase diagram for proposition 6: _m 5 0 locus
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To complete the proof, we show that the Mangasarian sufficiency condition
holds, so that the dynamics characterized here give the unique global optimal.
Note that

∂2H

∂u2 5 v 2 lð Þðqc 2 qoÞ2 1 2 vð Þq uð Þ½ �½ðv2lÞ=ð12vÞ�21mð12lÞ=f,

∂2H

∂u∂m
5

1 2 l

f
ðqc 2 qoÞ 1 2 vð Þq uð Þ½ �ðv2lÞ=ð12vÞm ½ð12lÞ=f�21,

∂2H

∂m2 5
1 2 l 2 f

f2 1 2 vð Þq uð Þ½ �ð12lÞ=ð12vÞm ½ð12lÞ=f�22,

where recall that qc=qo ≶ 1 when 0≶ 1. The Mangasarian sufficiency condition,
the joint concavity of H, is equivalent to ∂2H=∂u2 ≤ 0, ∂2H=∂n2 ≤ 0, and

∂2H

∂u2

∂2H

∂n2 2
∂2H

∂u∂n

� 	2
≥ 0:

The first of the conditions are satisfied. Some algebra establishes that the third
one is also satisfied provided that f > ½ð1 2 vÞð1 2 lÞ�=ðl 2 vÞ. QED

Proof of Proposition 7

We will prove that under the hypotheses of the proposition, there does not exist
a symmetric equilibrium.

FIG. A2.—Construction of phase diagram for proposition 6: _k 5 0 locus
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Suppose first that all countries choose a cuddly reward structure for all t ≥ 0.
Then the world economy converges to a balanced growth path (BGP) where ev-
ery country has the same level of income, NjðtÞ=ð1 2 bÞ 5 N ðtÞ=ð1 2 bÞ, and
grows at the same rate, which from (6) is equal to _N ðtÞ=N ðtÞ 5 go . The time t
utility of country j in this equilibrium can be written as

Wo
j ðtÞ 5

ð∞

t

e2d t2tð Þqo

Nj tð Þ
N tð Þ

� �12v

N tð Þ12vdt,

which implies that for any e > 0, there exists T1 such that for all t > T1, we are
close enough to the BGP equilibrium in the sense that

1 2 e <
Nj tð Þ
N tð Þ < 1 1 e,

_N =N < go 1 e, and

Wo
j ðtÞ < qoN tð Þ12v 1 1 eð Þ12v

r 2 1 2 vð Þ go 1 eð Þ :

Consider now a deviation of one country k to the cutthroat reward structure at all
times t > T1. Denote by N̂jðtÞ the new growth path of country j and by N̂ ðtÞ the

FIG. A3.—Phase diagram for proposition 6: case go=gc > ~mo > ~mc
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growthpath to theworld technology frontier. Theworld economy converges again
to a new BGP with growth rate ĝ . This BGP growth rate can be written as

ĝ 5
1

J j=ðj21Þf ð J 2 1Þg ð1=fÞ½ðj21Þ=j�
o 1 g ð1=fÞ½ðj21Þ=j�

c

� �j=ðj21Þf
> go :

After this deviation, we have N̂kðtÞ > NkðtÞ and N̂kðtÞ > N ðtÞ for all t > T1. Then
for e1 > 0, there exists T 0

1 > T1 such that for all t > T 0
1,

_̂N k=N̂k ≥ ĝ 2 e1, and dis-
counted utility of country k satisfies

Wc
k T1ð Þ 5

ð∞

T1

e2r t2T1ð Þqc N̂k tð Þ12vdt

5

ðT 0
1

T1

e2r t2T1ð Þqc N̂k tð Þ12vdt 1 e2rðT 0
12T1Þ

ð∞

T 0
1

e2rðt2T 0
1Þqc N̂k tð Þ12vdt

> e2rðT 0
12T1Þqc

N̂kðT 0
1Þ12v

r 2 1 2 vð Þ ĝ 2 e1ð Þ :

Now using the fact that N̂kðT 0
1Þ ≥ NkðT 0

1Þ ≥ egoðT
0
12T1ÞNkðT1Þ, a sufficient condition

for the deviation for country k to be profitable is

e2½r2 12vð Þgo �ðT 0
12T1Þqc

Nk T1ð Þ12v

r 2 1 2 vð Þ ĝ 2 e1ð Þ > qo

Nk T1ð Þ12v 1 1 eð Þ12v

r 2 1 2 vð Þ go 1 eð Þ

> Wo
kðT1Þ 5

ð∞

T1

e2½r2 12vð Þgo �ðt2T1ÞqoNk tð Þ12vdt:

FIG. A4.—Phase diagram for proposition 6: case go=gc < ~mo and ~mc < 1
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Rearranging terms, this can be written as

qc

qo

� 	1=ð12vÞ
> 1 1 eð Þe ½r2 12vð Þgo �=ð12vÞðT 0

12T1Þ r 2 1 2 vð Þ ĝ 2 e1ð Þ
r 2 1 2 vð Þ g0 1 eð Þ

� �1=ð12vÞ
: (A14)

Next suppose that all countries adopt a cutthroat reward structure for all t ≥ 0.
In this case, the world economy converges to a BGP where every country has the
same level of income and grows at the same rate, which from (6) is equal to
_N ðtÞ=NjðtÞ 5 gc . With a similar reasoning, for e > 0, there exists T2 such that
for all j and t > T2, 1 2 e < NjðtÞ=N ðtÞ < 1 1 e and _N =N < gc 1 e. Thus

W c
j ðtÞ < qcN tð Þ12v 1 1 eð Þ12v

r 2 1 2 vð Þ gc 1 eð Þ :

Consider now a deviation of one country k to a cuddly reward structure at all
time t > T2 while all other countries j ≠ k stay with cutthroat reward structures
throughout. Denote the path of technology of country j after this deviation by
~NjðtÞ and the path of world technology frontier by ~N ðtÞ. Clearly, _~N ðtÞ= ~N ðtÞ 5
~g < gc , and moreover ~NkðtÞ ≤ NkðtÞ for all t > T2. Let us also note that

~g 5
_~N ðtÞ
~N tð Þ 5

1

J ½j=ðj21Þ�f ð J 2 1Þg ð1=fÞ½ðj21Þ=j�
c 1 g ð1=fÞ½ðj21Þ=j�

o

� �½j=ðj21Þ�f
> go :

Now, again fixing e2 > 0, there exists T 0
2 > T2 such that for all t > T 0

2,
_~N k= ~Nk ≥

~g 2 e2, and the discounted utility of country k satisfies

FIG. A5.—Phase diagram for proposition 6: case ~mo > ~mc > 1
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Wo
k T2ð Þ 5

ð∞

T2

e2r t2Tð Þqo
~Nk tð Þ12vdt

5

ðT 0
2

T2

e2r t2T2ð Þqo
~Nk tð Þ12vdt 1 e2rðT 0

22T2Þ
ð∞

T 0
2

e2rðt2T ″
2 Þqo

~Nk tð Þ12vdt

> qoNk T2ð Þ12v

ðT 0
2

T2

e2r t2Tð Þe 12vð Þgoðt2T Þdt 1 e2rðT 0
22T2Þqo

Nk T2ð Þ12ve 12vð ÞgoðT 0
22T2Þ

r 2 1 2 vð Þ ~g 2 e2ð Þ

> qoNk T2ð Þ12v1 2 e2½r2 12vð Þgo �ðT 0
22T2Þ

r 2 1 2 vð Þgo

1 e2½r2 12vð Þgo �ðT 0
22T2Þqo

Nk T2ð Þ12v

r 2 1 2 vð Þ ~g 2 e2ð Þ ,

where the second line uses the fact ~NkðtÞ > NkðT2Þegoðt2T2Þ. Then a sufficient con-
dition for the deviation to the cuddly reward structure for country k to be prof-
itable is

e2½r2 12vð Þgo �ðT 0
22T2Þqo

Nk T2ð Þ12v

r 2 1 2 vð Þ ~g 2 e2ð Þ > qc

N T2ð Þ12v 1 1 eð Þ12v

r 2 1 2 vð Þ gc 1 eð Þ :

Since NkðT2Þ > N ðT2Þð1 2 eÞ, this sufficient condition can be rewritten as

1 2 e

1 1 e

r 2 1 2 vð Þ gc 1 eð Þ
r 2 1 2 vð Þ ~g 2 e2ð Þ

� �1=ð12vÞ
exp 2

r 2 1 2 vð Þgo
1 2 v

ðT 0
2 2 T2Þ

� �
>

qc

qo

� 	1=ð12vÞ
:

(A15)

Thus combining (A14) and (A15), we obtain that the following is a sufficient
condition for an asymmetric equilibrium not to exist after some time T 5
maxfT1, T2g:

1 2 e

1 1 e

r 2 1 2 vð Þ gc 1 eð Þ
r 2 1 2 vð Þ ~g 2 e2ð Þ

� �1=ð12vÞ
exp 2

r 2 1 2 vð Þgo
1 2 v

ðT 0
2 2 T2Þ

� �
>

qc

qo

� 	1=ð12vÞ

> ð1 1 eÞ exp r 2 1 2 vð Þgo
1 2 v

ðT 0
1 2 T1Þ

� �
r 2 1 2 vð Þ ĝ 2 e1ð Þ
r 2 1 2 vð Þ go 1 eð Þ

� �1=ð12vÞ
:

(A16)

Now note that as j ↑ 0 in (6), ĝ → gc and ~g   → gc . Therefore, for e0 > 0, there
exists �j < 0 such that for j > �j, ĝ 2 e0 < gc and ~g 2 e0 < gc . Thus choosing e, e1, e2,
and e0 sufficiently small, the following is also a sufficient condition:

exp 2
r 2 1 2 vð Þgo

1 2 v
ðT 0

2 2 T2Þ
� �

>
qc

qo

� 	1=ð12vÞ

> exp
r 2 1 2 vð Þgo

1 2 v
ðT 0

1 2 T1Þ
� �

r 2 1 2 vð Þgc
r 2 1 2 vð Þgo

� �1=ð12vÞ
:

(A17)
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Consider first the case v < 1. Choosing r sufficiently close to ð1 2 vÞgc and defin-
ing �T ; maxfT 0

1 2 T1, T 0
2 2 T2g, a further sufficient condition is obtained as

e2 gc2goð Þ�T >
qc

qo

� 	1=ð12vÞ
> e gc2goð Þ�T r 2 1 2 vð Þgc

r 2 1 2 vð Þgo

� �1=ð12vÞ
: (A18)

For given choices of e and e1, �T is fixed. Hence there exists �r > ð1 2 vÞgc such
that for ð1 2 vÞgc < r < �r, the right-hand-side term inequality is close to zero and
the left-hand term is given by some positive number. Next recall that

qc

qo

� 	1=ð12vÞ
5

q1A12v 1 ð1 2 q1Þ½ �1=ð12vÞð1 2 gÞ
q1A 1 1 2 q1ð Þ :

Denote ~g 5 1 2 ðq0=q1Þ1=ð12vÞ; then

qc

qo

� 	1= 12vð Þ
→

q1= 12vð Þ
0

q1

as g→ ~g. This in turn approaches zero as v→ 1. Hence there exists �v < 1 and �g <
1 such that for v > �v and g > �g, ðqc=qoÞ1=ð12vÞ is sandwiched between these two
terms, ensuring that (A18) is satisfied and a symmetric equilibriumdoes not exist.

When v > 1, (A17) can be rewritten as

exp
r 1 v 2 1ð Þgo

v 2 1
ðT 0

2 2 T2Þ
� �

>
qo

qc

� 	1=ðv21Þ

> exp 2
r 1 v 2 1ð Þgo

v 2 1
ðT 0

1 2 T1Þ
� �

r 1 v 2 1ð Þgo
r 1 v 2 1ð Þgc

� �1=ðv21Þ
:

Again defining �T ; maxfT 0
1 2 T1, T 0

2 2 T2g and taking r < �r for �r small enough,
a further sufficient condition writes as

e go �T >
qo

qc

� 	1=ðv21Þ
> e2go �T

go
gc

� 	1=ðv21Þ
:

Now the first inequality is satisfied as ego �T > 1 > ðqo=qcÞ1=ðv21Þ as v > 1 and qc <
qo < 0. The second inequality is satisfied when qo=qc > go=gc , ensuring therefore
again that (A18) is satisfied and a symmetric equilibrium does not exist.

Finally, when these conditions are satisfied, an analysis similar to that in the
proof of proposition 2 implies that the equilibrium will take the form in which
after some T, a subset of countries choose a cuddly reward structure and the re-
mainder choose a cutthroat reward structure. QED
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