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Abstract

We argue that in a technologically interconnected world, the world equilibrium may be asym-
metric, involving different economic institutions and technology levels for different countries. In
our model, all countries benefit and potentially contribute to advances in the world technol-
ogy frontier. A greater gap of incomes between successful and unsuccessful entrepreneurs (thus
greater inequality) increases entrepreneurial effort and hence a country’s contribution to the
world technology frontier. We show that, under plausible assumptions, the world equilibrium is
asymmetric: some countries will opt for a type of “cutthroat” capitalism that generates greater
inequality and more innovation and will become the technology leaders, while others will free-
ride on the cutthroat incentives of the leaders and choose a more “cuddly” form of capitalism.
Paradoxically, those with cuddly reward structures, though poorer, may have higher welfare
than cutthroat capitalists; but in the world equilibrium, it is not a best response for the cut-
throat capitalists to switch to a more cuddly form of capitalism. We also show that domestic
constraints from social democratic parties or unions may be beneficial for a country because they
prevent cutthroat capitalism domestically, instead inducing other countries to play this role.
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“Not only are the countries of the West richer because they have more advanced
technological knowledge, but they have more advanced technological knowledge be-
cause 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 a much
smaller cost. Indeed, so long as some countries lead, all the others can follow, al-
though the conditions for spontaneous progress may be absent in them. That even
countries or groups which do not possess freedom can profit from many of its fruits is
one of the reasons why the importance of freedom is not better understood. For many
parts of the world the advance of civilization has long been a derived affair, and, with
modern communications, 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 attempt to imitate American technology! So long as somebody 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, p. 42, Routledge Classics Edition, 2006.

1 Introduction

The costs and benefits of the American (or more broadly Anglo-Saxon) economic system com-
pared to its European counterpart are much debated. To its proponents, US institutions, which
tolerate or even encourage greater economic inequality,’ are at the root of its innovative econ-
omy, technological leadership and high level of per capita income.? To its critics, the inequality
and the economic uncertainty they create, coupled with its more limited social safety net, more
than offset any efficiency gains that US economic system may create (and many also doubt
that there are such major efficiency gains).> Implicit in much of this debate is the notion that
countries can switch to whichever type of economic system is superior—provided that this is

known and other political economy constraints are overcome.

'For example, the top 1% of earners in the United States account for about 23.5% of national income, while
the same number is 10% in Sweden, 11.1% in Spain and 12.7% in Germany, and excluding capital gains, 9.25%
in France, 8.3% in Finland, 6.1% in Denmark, 8.5% in Norway, and 9.9% in Italy (Atkinson, Piketty and Saez,
2011).

2Though there is a debate on whether the United States is more innovative than Scandinavian and continental
Furopean nations, and whether it has been losing its technology leadership, our reading of the evidence is that
the US technology leadership is fairly clear. In an earlier version of our paper (Acemoglu, Robinson and Verdier,
2012), we provided evidence showing that the United States generates more patents and more importantly, a
higher fraction of US patents are more highly cited than Scandinavian ones, and this gap increases when we
focus on the very top of the citation distribution. Acemoglu, Akcigit and Celik (2014) construct several indices
of creative innovations, and with all of them the United States is ahead of Scandinavia and continental Europe.

3In addition to the lower social welfare because of greater inequality and economic uncertainty, Americans
also work more hours, which could also reduce social welfare. Schor (1993) was among the first to point out the
comparatively much greater hours that American workers work. Blanchard (2004) has more recently argued that
Americans may be working more than Europeans because they value leisure less.



A more sophisticated version of this view is developed in the literature on “varieties of cap-
italism,” 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 (and piecemeal reforms may backfire). Nevertheless, a LME could turn
itself into a CME by simultaneously reforming many interwoven economic institutions, and if it
succeeded in doing so, it would lose little in terms of income 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 reasons for the world equilibrium to be asymmetric.
It may be precisely the more “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 other parts of continental Europe.

The basic idea we propose is simple and echoes Hayek’s quote we started with. The main
building block of our model is technological interdependence across countries: innovations, par-
ticularly by the most technologically advanced countries, contribute to the world technology
frontier, and other countries can build on this frontier.* We combine this with the idea that in-
novations require incentives for workers and entrepreneurs. The well-known incentive-insurance
trade-off (e.g., Holmstrom, 1979) implies that a society strongly encouraging innovation will have
greater inequality (and a weaker safety net). Crucially, however, in a world with technological
interdependences, 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. This is because innovation incentives of economies at the world technology frontier will
create higher growth by advancing the frontier, while strong innovation incentives by followers
will only create a “level effect” since the world technology frontier is already being pushed for-
ward by advanced economies. This logic underlies the asymmetric nature of world equilibrium.
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 technology frontier by ensuring better in-
surance to their population—e.g., in the form of a better safety net, a welfare state and greater
equality. Notably, 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.

4Such 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) and Keller (2001), Botazzi and Peri (2003),
and Griffith, Redding and Van Reenen (2005) 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
international spillovers.



The bulk of our paper formalizes these ideas using a simple (canonical) 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, Chapter 18). R&D
investments within each economy advance that economy’s technology, but these build on the
world technology frontier. Incorporating Gerschenkron’s (1962) famous insight, countries that
are further behind the world technology frontier have an “advantage of backwardness” in that
there is more unused knowledge at the frontier for them to build upon (see also Nelson and
Phelps, 1966). We depart from this framework only in one dimension: by assuming plausibly
that there is a moral hazard problem for workers (entrepreneurs). For successful innovation,
agents need to be given incentives, which will be at the cost of consumption insurance. A fully
forward-looking (country-level) social planner chooses a reward structure, which corresponds to
levels of consumption for successful and unsuccessful outcomes for entrepreneurs, and shapes
innovation incentives.

To start with, we focus on the case in which the world technology frontier is advanced only by
the technology leader. Then, under some natural assumptions, the leader adopts a “cutthroat”
reward structure, with high-powered incentives for success, while other countries free-ride on
this leader’s innovations and choose a more egalitarian, “cuddly,” reward structure, at least
once they reach a certain level of income and technology.” In the long-run, all countries grow
at the same rate, but those with cuddly reward structures are poorer. As already noted above,
these follower countries may have higher welfare than the cutthroat leader, however.

Our model therefore challenges the idea implicit in much of the debate on US vs. European
(or Scandinavian) capitalism. Under the assumptions of our model, which we view as a fairly
natural approximation to reality, we cannot all 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. This is because if, given the strategies of other countries,
the cutthroat leader did so, this would reduce the growth rate of the entire world economy,
discouraging the adoption of the more egalitarian reward structure. 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, which are determined by the
growth rate of the world technology frontier.

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, one may claim
(with all the usual caveats of course) that, for example, the more harmonious and egalitarian
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.

’In barticular, 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, 1959), our model implies that some follower
countries may first adopt cutthroat reward structures for rapid convergence, and then start building a safety net
and more egalitarian institutions once they have approached the world technology frontier sufficiently and reached
a certain level of income.



Our results extend straightforwardly 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 convexity of this 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 an asymmetric world equilibrium.

Finally, we consider an extension in which we introduce domestic politics 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
structures that are very unequal. We show that if two countries start at the same initial tech-
nology level, the social democratic party in country 1 may prevent cutthroat capitalism in that
country, inducing a unique equilibrium in which country 2 is the one adopting the cutthroat
reward structure. In this case, however, this is a significant advantage, because if the two coun-
tries start at the same level, the cutthroat country always has lower welfare. Therefore, a social
democratic party, by constraining the actions of the social planner, can act as a commitment
to egalitarianism, inducing an equilibrium in which the country in question becomes the benefi-
ciary from the asymmetric world equilibrium. This result has the flavor of the domestic political
conflicts in one country being “exported” to another, as the strength of the social democratic
party in country 1 makes the poor in country 2 suffer more—as country 2 in response adopts a
more cutthroat reward structure.

The role of several simplifying assumptions in our analysis should be recognized at the outset
(and will be discussed more later). First and most importantly, linking technological change to
the financial rewards to successful innovation is a simplification. Many important innovations
are produced without high-powered incentives, and there are reasons why innovation may be en-
couraged by greater equality (for example, because of better risk sharing or because compressed
wage structures encourage technology adoption, e.g., Acemoglu, 2003). These considerations
notwithstanding, 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 poli-
cies not only—mnot mainly—as a result of the trade-off between innovation incentives and social
insurance, but because of their political history or because of greater taste for redistribution or
concerns of fairness among their voters. Naturally, this does not invalidate our analysis, and
such differences 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 asymmetric). More interestingly, our analysis in Section 6 shows that
in a global economy there will be a natural complementarity between this type of preference
for redistribution and equilibrium reward structures. For example, even a weak preference for

redistribution might serve as a selection device, in the same way that a strong social democratic



party does in Section 6, ensuring that countries with greater preference for redistribution end
up as institutional and technological followers, potentially with positive effects on their citizens’
welfare. Finally, as we discuss further in Section 4.8, interdependence across countries may not
be purely technological. Most interestingly, when countries trade, those with cutthroat incen-
tives may specialize in different sectors than those operating under cuddly reward structures,
providing an additional channel for asymmetric equilibria in an interconnected world.

The rest of the paper proceeds as follows. In the next section, we discuss the related liter-
ature. Section 3 introduces the economic environment. Section 4 presents the main results of
the paper. Section 5 presents two important generalizations of these results. Section 6 shows
how domestic political economy constraints can be advantageous for a country because they
prevent it from adopting a cutthroat reward structure. Section 7 provide historical and case
study evidence illustrating the main mechanism proposed in this paper, focusing primarily on
innovation and technological spillovers in the pharmaceutical industry. Section 8 concludes, and

the proofs of the main results are provided in the Appendix.

2 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” literature in political science, e.g., Hall and Soskice
(2001) which itself builds on earlier intellectual traditions offering taxonomies of different types
of capitalism (Cusack, 2009) or welfare states (Esping-Anderson, 1990). A related argument is
developed in Aoki (2001), who also notes the possibility that international interconnections might
be at the root of this type of institutional diversity (see also Rodrik, 2008). As mentioned above,
Hall and Soskice (2001) argue that while both CME and LMEs are innovative, they innovate in
different ways and in different sectors. LMEs are good at “radical innovation” characteristic of
particular sectors, like software development, biotechnology and semiconductors, while CMEs
are good at “incremental innovation” in sectors such as machine tools, consumer durables and
specialized transport equipment (see Taylor, 2004, and Akkermans, Castaldi, and Los, 20009,
for assessments of the empirical evidence on these issues). This literature has not considered
that growth in an CME might critically depends 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 the 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 US lacks a European style welfare
state and why Europeans work less. Acemoglu and Pischke (1998) suggest an explanation for
differences in labor market institutions between the US and Germany based on multiple equilibria
in turnover, information and training investments. Landier (2005) develops a similar model to

account for differences in entrepreneurial risk-taking between the US and France. Bénabou and



Tirole (2006) develop a model in which self-fulfilling beliefs about justice and fairness can lead
to divergent redistributive policies across countries. Bénabou’s (2000) model is also related as it
generates multiple equilibria, one with high inequality 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 Verdier, 1993, and Moene and
Wallerstein, 1997). Bénabou’s (2006) focus is also closely related to ours, particularly when he
asks “what joint configuration of technology, inequality and policy are feasible in the long run?
... How does the [international] diffusion of technology affect nations ability to maintain their
own redistributive institutions and social structures?”. None of this work, however, contains
the core idea of this paper that the institutions of one country interact with those of another
and that even with identical fundamentals asymmetric equilibria are the norm not an exception
to explain.

Third, the idea that institutional differences may emerge endogenously depending on the
distance to the world technology frontier has been emphasized in past work, for example, in
Acemoglu, Aghion and Zilibotti (2006) (see also Krueger and Kumar, 2004). Nevertheless, this
paper and others in this literature obtain this result from the domestic costs and benefits of
different types of institutions (e.g., more or less competition in the product market), and the
idea that activities leading to innovation are more important close to the world technology
frontier is imposed as an assumption. In our model, this latter feature is endogenized in a
world equilibrium, and the different institutions emerge as best responses to each other. Put
differently, the distinguishing feature of our model is that the different institutions emerge as an
asymmetric equilibrium of the world economy—while a symmetric equilibrium does not exist.

Finally, our results also have the flavor of “symmetry breaking” as in several papers with
endogenous location of economic activity (e.g., Krugman and Venables, 1996, Matsuyama, 2002,
2005, 2013) or with endogenous 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.”

6 Another branch of the literature has emphasized the role of differences in political systems. These include:
electoral systems with proportional representation, characteristic of continental, Europe may lead to greater
redistribution (Alesina, Glaeser and Sacerdote, 2001, Milesi-Ferretti, Perotti and Rostagno, 2002, Persson and
Tabellini, 2003); or the federal nature of the US may lower redistribution (Cameron, 1978, Alesina, Glaeser and
Sacerdote, 2001); or the greater ethnic heterogeneity of the US may reduce the demand for redistribution (Alesina,
Glaeser and Sacerdote, 2001); or greater social mobility in the US may mute the desire for redistributive taxation
(Bénabou and Ok, 2001, Alesina and La Ferrara, 2005), or redistribution may be greater in Northern Europe
because of higher levels of social capital and trust (Algan, Cahuc and Sangnier, 2011).

"There is also a connection between our work and the literature on “dependency theory” in sociology, developed,
among others, by Cardoso and Faletto (1979) and Wallerstein (1974-2011). (We thank Leopoldo Fergusson for
pointing out this connection.) This theory argues that economic development in “core” economies, such as
Western European and American ones, takes place at the expense of underdevelopment in the “periphery,” and
that these two patterns are self-reinforcing. In this theory, countries such as the United States that grow faster
are the winners from this asymmetric equilibrium. In our theory, there is also an asymmetric outcome, though
the mechanisms are very different, and indeed ours is more a model of “reverse dependency theory,” since it is
the Scandinavian or European “periphery” which, via free-riding, is benefiting from this asymmetric equilibrium.



3 Model

In this section, we describe the economic environment, which combines two components: the
first is a standard model of endogenous technological change with knowledge spillovers across J
countries—and in fact closely follows Chapter 18 of Acemoglu (2009). The second introduces
moral hazard on the part of entrepreneurs, thus linking entrepreneurial innovative activity of an
economy to its reward structure. We then introduce “country social planners” who choose the

reward structures within their country in order to maximize discounted welfare.

3.1 Economic Environment

Consider an infinite-horizon economy consisting of J countries, indexed by j = 1,2, ..., J. Each
country is inhabited by non-overlapping generations of agents who live for a period of length
At, work, produce, consume and then die. A continuum of agents, with measure normalized
to 1, 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 At — 0, represented
as a continuous time model.

The aggregate production function at time ¢ in country j is

N;(t)
V() = 1= ( / xj<u,t>1ﬂdu) L2, &

where L; is labor input, N; (t) denotes the number of machine varieties (or blueprints for machine
varieties) available to country j at time ¢. In our model, N; (¢) will be the key state variable and
will represent the “technological know-how” of country j at time . We assume that technology
diffuses slowly and endogenously across countries as will be specified below. Finally, z; (v,t) is
the total amount of machine variety v used in country j at time t. To simplify the analysis,
we suppose that x depreciates fully after use, so that the x’s are not additional state variables.
Crucially, blueprints for producing these machines, captured by Nj (¢), live on, and the increase
in the range of these blueprints will be the source of economic growth.

Each machine variety in economy j is owned by an “entrepreneur,” who sells machines
embodying this technology at the profit-maximizing (rental) price pj(v,t) within the country
(there is no international trade). This monopolist entrepreneur can produce each unit of the
machine at a marginal cost of 9 in terms of the final good. Without any loss of generality, we
normalize ¥ =1 — .

Suppose that each entrepreneur in this economy exerts effort e;; (t) € {0,1} to invent a new
machine. Effort e;; (£) = 1 costs v > 0 units of time, while e;; (£) = 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 e;; (¢) = 1, he is “successful” with probability ¢
and unsuccessful with the complementary probability. If he exerts effort e;; (t) = 0, he is
successful with the lower probability ¢o < ¢i1. Throughout we assume that effort choices are

private information.



We assume the utility function of entrepreneur/worker i takes the form

- —vei; 1-6
U (G (t) ey (1)) = (GO0 0000 O .

where # > 0 (and 6 # 1) is the coefficient of relative risk aversion. This form of the utility
function ensures balanced growth.®

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 L; =1 for j =1,...,J.

An unsuccessful entrepreneur does not generate any new ideas (blueprints), while a successful

entrepreneur in country j generates
N ()? N; (8)' 7

new ideas for machines, where N (¢) is an index of the world technology frontier, to be endo-
genized below, and n > 0 and ¢ > 0 are assumed to be common across the J countries. This
form of the innovation possibilities frontier implies that the technological know-how of country
j advances 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 tech-
nology frontier is relative to this country’s technological know-how. When it is more advanced,
an innovation will lead to more rapid progress, and the parameter ¢ measures the extent of this.

Given the likelihood of success by entrepreneurs as a function of their effort choices and

defining e; (t) = [ e;; (t) di, technological advance in this country can be written as:
N (1) = (are; (6)+ ao(1 - ¢ ()N (% N (6. 3)

We also assume that monopoly rights over the initial set of ideas are randomly allocated
(independent of effort) to some of the current entrepreneurs, so that they are also produced
monopolistically.”

The world technology frontier is assumed to be given by
N (@) =G(Ni(t),...,Ns (1)), (4)

where G is a linearly homogeneous function. We will examine two special cases of this function.
The first is

G(Ny (t), ..y Ny (£)) = max {Ny (£), ..., Ny ()} . (5)

which implies that the world technology frontier is given by the technology level of the most

advanced country, the technology leader, and all other countries benefit from the advances of

SWhen 6 = 1, we set the utility function (2) to InCj; (t) + In(1 — ~ve;; (t)). (We do not include the —1
sometimes included in the numerator of this class of utility functions in order to simplify notation). All of our
results apply to this log case also, but in what follows we often do not treat this case separately to save space.

9The alternative is to assume that existing machines are produced competitively. This has no impact on any
of the results in the paper, and would just change the value of B in (10) below.



this technological leader. The second is a more general convex aggregator

J <A
J o—1

GINL(8),os Ny (1) = —= | SON; 07| (6)

Jo‘il -
J=1

with o < 0. The term 1/J 777 ensures that the convex aggregator is homogeneous of degree 1
in the number of countries. As o T 0 (6) converges to (5). For much of the analysis, we focus
on the simpler specification (5), though at the end of the next section we show that our general

results are robust when we use (6) with o sufficiently close to 0.

3.2 Reward Structures

Entrepreneurial effort levels will depend on the reward structure in each country, which de-
termines the relative rewards to successful entrepreneurship. In particular, suppressing the
reference to country j to simplify notation for this subsection, let R (t) denote the time ¢ entre-
preneurial income for successful entrepreneurs and Rv (t) for unsuccessful entrepreneurs. Thus

the total income of a worker/entrepreneur is
R () = R () +w(t),

where i € {s,u}, and w (t) is the equilibrium wage at time ¢.!° In what follows, it is total
income, R?, rather than just the entrepreneurial component of income, R;, that matters for
effort decisions. The reward structure can then be summarized by the ratio r (t) = R* (t) /R" (t).
When 7 (t) = 1, there is perfect consumption insurance at time ¢, but this generates effort e = 0.
Instead, to encourage e = 1, r (¢) 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 between two styles
of capitalism: “cutthroat capitalism” in which r (¢) is chosen above a certain threshold, so
that entrepreneurial success is rewarded while failure is at least partly punished, and “cuddly
capitalism” in which r (¢) = 1, so that there is perfect equality and consumption insurance, but
this comes at the expense of lower entrepreneurial effort and innovation.

Throughout we assume that the sequence of reward structures in country j, [r; (¢)];2, is
chosen by its country-level social planner. This assumption enables us to construct a simple
game between countries (in particular, it enables us to abstract from within-country political
economy issues until later). Limiting the social planner to only choose the sequence of reward

structures is for simplicity and without any consequence.'!

Thus both R, (t) and R, () include the rents that entrepreneurs make in expectation because of existing
ideas being randomly allocated to them.

Tt is straightforward to see that, instead of directly choosing the reward structure, the social planner can also
achieve the same allocation by using taxes and subsidies conditional on success.

If, in addition, we allow the social planner to set prices that remove the monopoly markup, this would only
change the value of the constant B in (10) below, with no impact on any of our results.



We assume that each country social planner maximizes discounted welfare of the citizens in

that country using the following preferences

[en [ [ ([Cj,i OISO <t>>}1“’) di] " )

where p is the discount rate that the social planner applies to future generations,

[Cji () (1 — ey (N]*? /(1 — 6) denotes the utility of agent i in country j alive at time ¢
(and thus the inner integral averages across all individuals of that generation). Thus, in this
formulation, 6, 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 between cohorts. Note
also that (7) gives a well-defined preferences both when 6 < 1 and when 6 > 1.

We also consider the following Epstein-Zin-style preferences (Epstein and Zin, 1989), which
separate the coefficient of relative risk aversion from the parameter determining cross-cohort

comparisons. For this purpose, define

Wi = | [ (1 0 e 01" ai o

Then these more general preferences are given by
1 o

— —pt 1-X
w T e PW(t) dt. (8)

Here 0 is the coefficient of relative risk aversion, and A # 1 measures the social planner’s aversion
to inequality between cohorts (and is thus similar to the inverse of the intertemporal elasticity of
substitution). Clearly, (8) contains (7) as a special case (setting § = \), and is also well-defined

for all values of 8 and X\ except 1.

4 Main Results

In this section, we present our main results focusing on the “max” specification of the world
technology frontier given by (5) and the standard preferences for country social planners given
by (7). We present generalizations of our results to the cases where preferences are given by (8)

and the world technology frontier is as in (6) in Section 5.

4.1 Cutthroat and Cuddly Reward Structures

We now define the cutthroat and cuddly reward structures more formally. Consider the reward
structures that ensure effort e = 1 at time ¢. This will require that the incentive compatibility
constraint for entrepreneurs be satisfied at ¢, or in other words, expected utility from exerting

effort e = 1 should be greater than expected utility from e = 0. Using (2), this requires

ﬁ (0 @)+ (1= a)R" (1)) Q=710 > 1%9 (a0 (' + (L= q0)B* (1)),

10



where recall that R®(¢) is the income and thus the consumption of an entrepreneur/worker
conditional on successful innovation, and R" (¢) is the income level when unsuccessful, and this
expression takes into account that high effort leads to success with probability ¢q; and low effort
with probability qg, but with high effort the total amount of leisure is only 1 — v. Rearranging

this expression, we obtain

v

(1= —q
= <1+ (il Ul D )1_ =A. (9)

(1 —~)'=%—qo

(=) = (1—q)(1 —7)' O\ 7
< ")

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 analysis, ensures that, both
when 6 < 1 and when 6 > 1, high effort requires entrepreneurs to be given incentives. In

particular, it implies that A > 1.12
Assumption 1:
. 1-6 1-6
min {a1(1 =)'~ g0, (1=q0) = (1= @)(1 =)'~} > 0.

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, R® (¢) and R" (¢) must
satisfy the resource constraint at time ¢. Using the expression for total output and expenditure

on machines provided in the Appendix, this implies
@’ (1) + (1 —q1)R" (t) = BN, (t)

where
B2-5)

1-8 "7

and we are using the fact that in this case, all entrepreneurs will exert high effort, so a fraction

B= (10)

q1 of them will be successful. Combining this expression with (9), we obtain

b B
= mNy’ (t) and R"(t) = AT (o ql)NJ (t). (11)

R (t)

The alternative to a reward structure that encourages effort is one that forgoes effort and

provides full consumption insurance—i.e., the same level of income to all entrepreneur/workers

of R°(t), regardless of whether they are successful or not. In this case, the same resource
constraint implies

R°(t) = BN, (¢). (12)

12 . 1-(a-y'°
In particular, when 0 < 1, 1 + a0 "g0

0 > 1, it is less than 1 and it is raised to a negative power.

is greater than 1 and is raised to a positive power, while when

11



Given these expressions, the expected utility of entrepreneurs/workers under the “cutthroat”

and “cuddly” incentives, denoted respectively by s = ¢ and s = o, can be rewritten as

(aBe "+ 0 —a)R ) (1 =7
1-6 ’

3
—~
~
~—
Il
&=
—
-
—~
Q

o
—~
~
~—
®
o
—~
~
~—
|

7R0(t)179
o 1-6

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

WE(t) = welN; (1) and WP (t) = wolN; ()77, (13)

where
(qlAl—G + (1 o C]l)) (1 _ 7)1—9 B1—9 Bl—@

and w, = .
@A+ (1 —g)'’ 1-0 1-0

It can be verified that w, < w,, though when 6 > 1, it important to observe that we have
1-0)

(14)

[

we < w, < 0. Moreover , we have: (i) we, and thus (we/w,)” 179 is decreasing in A, defined
in (9), (since a higher A translates into greater consumption variability); (ii) A is increasing in
~ (and thus (we/wo)Y = is decreasing in 7), which compensates for the higher cost of effort
(see Lemma 2 in the Appendix); and (iii) A is non-monotone in 6 (because a higher coefficient
of relative risk aversion also reduces the disutility of effort).

Two more observations are useful. First, the key expressions w. and w, depend on agents’
coefficient of risk aversion, #. This will continue to be the case when we adopt the more general
preferences given in (8) for the social planner. Second, without loss of any generality, we focus
on cutthroat and cuddly incentives for a given entrepreneur throughout (and thus on w,. and w,),
since it is optimal to provide cutthroat incentives to the entrepreneur if the social planner wishes
to induce effort, and cuddly incentives and thus perfect insurance otherwise. Therefore, the most
general reward structure that needs to be considered 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 reward structure we consider in our analysis.

4.2 'World Equilibrium Given Reward Structures

We next first characterize the dynamics of growth in this world for given reward structures.
The next result establishes that when all countries choose asymptotically time-invariant (but
potentially different from each other) reward 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
technology frontier. This growth rate is determined by the innovation rates (and thus reward
structures) of either all countries (with (6)) or the leading country (with (5)). In addition,
differences in reward structures determine the relative income of each country in the asymptotic

equilibrium.

Proposition 1 Suppose that the reward structure for each country is asymptotically time-

invariant (i.e., for each j, R;(t)/R}(t) — rj). Then starting from any initial condition
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(N1(0),..., N5 (0)), the world economy converges to a unique stationary distribution (nj,...,n%),
with n; (t) = N; (t) /N (t) and N (t) /N (t) = g*. In addition, (n},...,n%) and g* are functions
of (r1,...,my). Moreover, with the max specification of the world technology frontier, (5), g* is a
function of only the most innovative country’s reward structure, ry.

Suppose without loss of any generality that ny > n} for all j. Then, as ¢ — 0, for any j with

* * * *
n; <nj, ni/n; — 0.

Proof. The proof of this proposition follows from the material 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. Countries that do not encour-
age innovation may first fall behind, but given the form of technology diffusion in equation (3),
the advances in the world technology frontier pulls them to the same growth rate as those that
provide greater inducements to innovation. The proposition, which will be used in Proposition
5, also shows that in the special case where (5) applies, it will be only innovation and the reward

structure in the technologically most advanced country that determines the world growth rate,

*

g*.
The last part of the proposition is a consequence of the fact that, from (3), as ¢ — 0, the
world economy approaches a collection of linear endogenous growth economies, each growing at
a different rate.
In what follows, we will see that equilibria involve asymptotically constant reward structures,
thus the conclusion from Proposition 1 applies and ensures that all countries grow at the same

rate regardless of their asymptotic reward structures.

4.3 Equilibrium Reward Structures

We now characterize the equilibrium of the game between country social planners. Throughout,
we focus on (pure-strategy) Markov Perfect Equilibria (though, as mentioned above, we do allow
for mixed reward structures). The Markovian restriction implies that strategies at time ¢ are only
condition on payoff-relevant variables, which are the vector of technology levels, Ny (¢), ..., N (t).
Country social planners can provide cutthroat reward structures to some of their entrepre-
neurs while choosing a cuddly reward structure to the rest.!® Let us define u; (t) € [0,1] as
the fraction of entrepreneurs receiving a cutthroat reward structure. Clearly, u; (t) = 0 at all
points in time corresponds to a cuddly reward structure and w; (¢) =1 for all ¢ corresponds to
a cutthroat reward structure throughout.
Slightly generalizing equation (13), we can write average utility in country j at time ¢ as
w (uj(t))N;(t)}~?, where
w (1)) = wol1 — (1)) + weuy (0. (15)

131t is straightforward to see that it is never optimal to give any entrepreneur any other reward structures than
perfect insurance or the cutthroat reward structure that satisfies the incentive compatibility constraint as equality
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In addition, from (3), the growth rate of technology of country j adopting a reward structure

summarized by u; (t) € [0,1], is
Nj (8) = g(u; ()N (£) N; (£)' 77, (16)

where
9(u; () = go(1 — uj(t)) + gew;(t), (17)
with
9o = qon and g = 11 > go

corresponding, respectively, to the growth rates from fully cuddly and cutthroat reward struc-
tures. The fact that g. > g, reiterates that a country choosing a cutthroat reward structure will

have a faster growth.

4.4 Main Result

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 £ that is the technology leader, i.e., a single £ for
which Ny (0) = max{N; (0),..., N;(0)}. Let us also define the relative technology of country j
at time t as n; (t) = N; (t) /N (t).

We next introduce three assumptions. The first ensures that the cutthroat growth rate,
Je, 18 not so high as to lead to infinite welfare for the country social planners and will also be

maintained throughout (without explicitly being stated):

Assumption 2:
p—(l—G)gc>O,

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:
We Wo

p—(1—0)ge ~ p—(1-0)go

More specifically, this assumption ensures that growth at the rate g. with cutthroat incentives

(and less risk sharing) is preferred to growth at the rate g, with cuddly incentives (and full risk
sharing). An important implication of this assumption is that the technology leader will prefer
cutthroat to cuddly incentives.

Finally, to start with, we restrict attention to a specific equilibrium selection rule, which
imposes that the same country, £, remains the technology leader throughout. This is stated in

the next assumption.

Assumption 4: N, (t) = max {Ny (¢),..., Ny (¢)} for all .
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The selection rule encapsulated in Assumption 4 greatly simplifies the exposition, enabling
us to focus on a single equilibrium. Without this selection rule, as we discuss below, there are
other equilibria, though arguably the one we focus on here, where the initial technology leader
remains so throughout, is the most natural among these. We discuss under what conditions
there will be equilibrium uniqueness without this condition in Section 4.7.

The next proposition gives our main result.

Proposition 2 Suppose country social planners mazimize (7), the world technology frontier is
given by (5), and Assumptions 1-4 hold. Let

= (1_9)(wo_w6)gc+(gc_90)wc‘

(00— we) (p + Bac) (18)

Then the world equilibrium is characterized as follows. The leader country £ always chooses

cutthroat rewards, i.e., ug(t) = 1 for all t. For each follower j # £, we have:

1. If

~ 9o
m < =, 19
o (19)

there exist T < go/ge and 0 < T < oo such that for n; (0) < m'/?, the reward structure of
country j is cutthroat (i.e., uj(t) =1) for allt < T, and cuddly (i.e., u; (t) = 0) for all
t>1T; forn; (0) > mY/?, the reward structure of country j is cuddly (i.e., uj (t) =0) for
all t. Regardless of the initial condition, in this case nj (t) — (90/9:)"°.

2. If
9o

—<m<1, (20)
9e

there exists 0 < T' < oo such that for n; (0) < mY/?, the reward structure of country j is

cutthroat (i.e., u; (t) = 1) for allt < T, and then att = T whenn; (T) = m'/?, the country

adopts a “mived” reward structure and stays at n; (t) = m'/? (i.e., uj (t) = uj € (0,1)) for

all t > T; for n; (0) > M9, the reward structure of country j is cuddly (i.e., uj (t) = 0)

for allt < T, and then at t =T when n; (T) = m?, the country adopts a mized reward

structure and stays at nj (t) = mY? (ie., u; (t) = uj € (0,1)) for allt > T.
3. If
m>1, (21)

then the reward structure of country j is cutthroat for all t (i.e., u; (t) =1 for allt).

The proof of this proposition, like the proof of all of the remaining results in this paper,
is provided in the Appendix. Here, we provide a discussion and interpretation of the results.
We start with the three phase diagrams shown in Figures 1, 2 and 3. We have n;(t)® on the
horizontal axis and r;(t), which is a transform of the co-state variable (multiplier) in the dynamic

optimization problem of country j social planner’s problem, on the vertical axis. The value &
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Figure 1: Phase diagram: part 1 of Proposition 2.

makes the social planner indifferent between cuddly and cutthroat incentives (and m defined in
(18) is the corresponding technology level as shown in the figure). The shape of the locus for
n;(t) = 0 and £;(t) = 0 highlights the fact that depending on whether & is greater or less than
K, we will have cutthroat or cuddly incentives, thus changing the dynamics of the system.

Figure 1 depicts part 1 of the proposition, where m < g,/g. and the world equilibrium is
asymmetric as emphasized in the Introduction. In particular, in this configuration, the leader,
country ¢, always chooses cutthroat rewards, i.e., ug(t) = 1. Moreover, as t — oo, all followers
choose cuddly rewards, i.e., u;(t) = 1 for all j # ¢, and approach an income level equal to a
fraction g,/g. of the leader’s income level.'

The asymmetric nature of the equilibrium here is a consequence of the diffusion of new
technologies across countries. Assumption 3 ensures that when all other countries are choosing
cuddly incentives, country £ prefers to choose cutthroat incentives. In this case, ﬁ is
the discounted value of country ¢ from a cutthroat reward structure, ensuring an own (and
world growth rate) of g.. In contrast, because all other countries are choosing a cuddly reward
structures, if country ¢ were also to do so, the world economy would only grow at the rate
Jo < ge, yielding a discounted value of ;)—(;Ji—oﬁ)go to country ¢ from a cuddly reward structure.
Assumption 3 ensures that country ¢ prefers the first option. This comparison reflects the fact
that, when all other countries are choosing cuddly reward structures, the incentives provided by
country ¢ have a growth effect on the world economy (and thus on itself).

However, given the diffusion of technology across countries, once country £ chooses cutthroat
incentives, the choice of reward structure for other countries has only a level effect: a country
choosing a cutthroat reward structure would increase its position relative to country ¢ but, in
view of Proposition 1, would not change its long-run growth rate. Condition (19) then ensures

that in the limit this level effect is more than compensated for by the better risk sharing offered

"In addition, below m, followers start with u; (t) = 0 and then switch to u; (t) = 1 at . The figure makes
clear that such a m will exist if the stable arm intersects the line at .
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Figure 2: Phase diagram: part 2 of Proposition 2.

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 non-existence of a symmetric equilibrium).

It is also worth noting that, without Assumption 4, there could in principle be other equi-
libria, with some other country playing the role of the leader £ and choosing a cutthroat reward
structure, while others choose cuddly reward structures. 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 ¢). We discuss conditions for uniqueness without Assumption 4 below.

Part 2 of the proposition, where 1 > m > g,/g. and the steady state involves mixed rewards,
is illustrated in Figure 2, which shows how, for these parameter values, followers will adopt
mixed reward structures when they are close to the income level of the leader. With such
reward structures some entrepreneurs are made to bear risk, while others are given perfect
insurance—and thus are less innovative. This enables them to reach a growth rate between that
implied by a fully cuddly reward structure and the higher growth rate of the cutthroat reward
structure.

Finally, part 3 of the proposition, corresponding to the case where m > 1, is shown in Figure
3 and involves “institutional” and technology convergence. Now the unique equilibrium path
features cutthroat reward structures also for the followers. When this is the case, technology
spillovers ensure not only the same long-run growth rate across all countries but convergence
in income and technology levels. This contrasts with the patterns in the other cases where
countries maintain their different institutions (reward structures), and as a result, they reach
the same growth rate, but their income levels do not converge.

We next illustrate some of the patterns that emerge from this proposition more 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
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Figure 3: Phase diagram: part 3 of Proposition 2.

beneficial and this is achieved best by adopting cutthroat incentives. However, after n;(t) exceeds
mY?, 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 position relative to the leader given
by (go/ gc)l/ . This range captures the central asymmetric nature of equilibrium in our model:
because the leader is choosing a cutthroat reward structure and pushing the world technology
frontier, it makes sense for the follower to only provide cuddly incentives and benefit from better
risk sharing. The cost of this is lack of full convergence to the leader’s level. But from the welfare
point of view, this is more than made up by the better risk sharing within the follower country.

The dynamic path for a follower country starting below mY/? in this part of the proposition
also provides a way of interpreting the growth and social 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, but then started building a welfare state. From the
viewpoint of our model, this path is explained by the high returns to these countries from rapid
innovation early on combined with the asymmetric nature of the asymptotic world equilibrium,
in which they can build on the technological advances made by the leader country (though of
course many other political economy factors played a defining role in the transitions of South
Korea and Taiwan towards more democratic institutions, which went hand-in-hand with the
development of a safety net and better social insurance in these countries).

Figure 5 illustrates the second part of the proposition, where the asymptotic reward struc-
ture of followers is a mixed one where some fraction of its agents receive cutthroat incentives
while the rest receive cuddly incentives. The growth rate of this economy at any point in time
is thus greater than the one that would have followed from fully cuddly incentives. As a re-
sult, this country becomes asymptotically richer relative to one that would have chosen a fully
cuddly reward structure. In particular, its asymptotic reward structure is chosen such that the
proportional gap between the this country and the leader remains exactly at m/?.

Finally, Figure 6, corresponding to part 3, illustrates the complete convergence between the

18



1 World technology
frontier

A _Cuddly capitalism

1 -

Cutthroat capitalism

Figure 4: Growth dynamics: part 1 of Proposition 2.

n;(t)
1 World technology
“>«._Cuddly capitalism frontier
it

Mixed rewards

Cutthroat capitalism

Figure 5: Growth dynamics: part 2 of Proposition 2.

leader and the followers. This is the only case in which the world equilibrium is symmetric, and
the proposition makes it clear that the sufficient condition to rule out this case is m < 1, which
will be the case, for example, when the cost of effort, v, or the extent of spillovers, ¢, is large

(see Proposition 3 below).

4.5 Comparative Statics

The next proposition provides a number of comparative static results indicating when an asym-

metric world equilibrium is more likely to emerge.

Proposition 3 The world equilibrium is more likely to be asymmetric (corresponding to part 1
or part 2 of Proposition 2, or equivalently m < 1), when = is large (the cost of innovation is
large) and when ¢ is large (spillovers are large). Also for @ < 1 and v sufficiently small, the

world equilibrium is more likely to be asymmetric when 0 is higher (risk aversion is large).
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Figure 6: Growth dynamics: part 3 of Proposition 2.

These comparative statics are intuitive. When ~ is large, cutthroat incentives become less
attractive, though Assumption 3 still ensures that the technology leader, country ¢, prefers cut-
throat incentives. When ¢ is large, the relative gap between the technology leader and followers
using cuddly incentives, (g,/ gc)l/ ¢, is smaller, encouraging cuddly reward structures. Finally,
a higher 0 implies greater risk aversion and thus increases the benefits from a cuddly reward
structure, which provides consumption insurance, making an asymmetric world equilibrium with
followers adopting cuddly reward structures more likely. Nevertheless, because in our baseline
model 6 also determines the willingness of the social planner to trade-off consumption between
cohorts, this result requires us to focus on the case where § < 1 (we separate these two notions

in Section 5).

4.6 Welfare

We next look at the welfare implications of the asymmetric equilibrium we have characterized so
far (in particular, parts 1 and 2 of Proposition 2). The most interesting result concerning welfare
is that, even though the technological leader, country ¢, starts out ahead of others and chooses
a “growth-maximizing” strategy, average welfare (using the social planner’s discount rate) may
be lower in that country than in the follower countries choosing a cuddly reward structure. This
result is contained in the next proposition and its intuition captures the central economic force
of our model: followers are both able to choose an egalitarian reward structure providing perfect
insurance to their entrepreneur/workers and benefit from the rapid growth of technology driven
by the technology leader, country ¢, because they are able to free-ride on the cutthroat reward
structure in country ¢, which is advancing the world technology frontier. In contrast, country ¢,
as the technology leader, must bear the cost of high risk for its entrepreneur/workers. The fact
that followers prefer to choose the cuddly reward structure implies that, all else equal, country
¢ would have also liked to but cannot do so, because it realizes that if it did, the growth rate

of world technology frontier would slow down—while followers know that the world technology
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frontier is being advanced by country £ 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 Proposition 2. Then there exists
d > 0 such that for all n; (0) > 1 —0, welfare (at time t =0) in country j is higher than welfare

in country £.

An important implication of this result is that, all else equal, there are benefits to cuddly
reward structures. So if we compare an unequal society, with seemingly high-powered incentives,
such as the United States, with societies with more egalitarian income distributions and stronger
safety nets, such as the Scandinavian countries, welfare will tend to be higher in the latter
(provided that they are not too far behind the United States technologically). But importantly,
in view of Proposition 2, it is not an equilibrium for the United States to also adopt cuddly
incentives, because what enables the rest of the countries to enjoy the benefits of cuddly reward
structures is the rapid innovation and used by US cutthroats incentives, and if the United States

also switched to cuddly reward structures, this would slow down the world growth rate.

4.7 Uniqueness without the Selection Rule

The analysis so far has proceeded under Assumption 4, which imposed the selection rule that
country £ remains the technology leader. Absent this selection rule, it is clear that the equi-
librium characterized in Proposition 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 two mirror-image equilibria, one in which the first country is the technology
leader and the other one in which the second country is, but in fact, there may be a myriad of
other equilibria in which technology leadership switches between the two countries one or more
times over time.!?

Nevertheless, in this subsection we show that if the technology leader, again denoted by ¢,
is sufficiently ahead of followers, the asymmetric equilibrium characterized in Proposition 2 is
unique. The reasoning is simple but important: if followers are significantly behind country ¢,
then any profile of reward structures that involves country £ losing the technology leadership will
involve the world technology frontier, and thus country ¢, growing at the slower rate g, rather
than g. for an extended period of time. Then under Assumption 3, country ¢ would in fact
prefer to adopt a cutthroat reward structure. If, in addition, the asymmetric equilibrium in which
country £ chooses a cutthroat reward structure and the followers choose cuddly reward structures
leads to an asymptotic world equilibrium in which the followers still remain significantly behind

country £, then the unique equilibrium will involve £ choosing a cutthroat reward structure and

5Equilibria in which there are switches in technology leadership will be related to the literature 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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the followers choosing cuddly reward structures throughout. This result thus highlights that
in an important set of cases—where the technology leader is sufficiently ahead of the rest—the
selection assumption 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 equilibrium and is arguably the most “focal” one among all
equilibria).

In the next proposition, we establish a sufficient condition for the uniqueness of the equilib-
rium in which the initial technology leader always remains the leader. Rather than stating this
result for follower countries that are significantly behind the leader, we equivalently take the gap
between the leader and the follower as given, and we establish uniqueness for sufficiently small
technology spillovers, ¢ (when ¢ is very small, it will take a very long time for a follower adopting

cutthroat incentives to catch up with the leader even if the leader chooses cuddly incentives).

Proposition 5 Suppose that all of the hypotheses of Proposition 2 hold, m < g,/g. (so that we
are in part 1 of Proposition 2), and ny(0) > n;j(0) for all j # £. Then there exists ¢ € (0,1)
such that for ¢ < ¢, the equilibrium is unique and involves country ¢ adopting a cutthroat reward
structures throughout and all other countries choosing a cuddly reward structure asymptotically
(i.e., ug(t) =1 for all t and u;(t) =0 for all j # £ and for t large enough).

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, under some conditions the largest country would wish to be the technology
leader by choosing cutthroat incentives because technology leadership by smaller country would
reduce the growth rate of the world technology frontier. This economic force would also resolve

the multiplicity problem (without Assumption 4).

4.8 Discussion of Modeling Assumptions

Here we discuss the role and interpretation of some of the modeling assumptions we have adopted
so far. Those already discussed, such as Assumptions 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 only given a
short-term incentives, nothing in the analysis changes. However, with such long-lived agents,
optimal contracts designed to deal with the moral hazard problem 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 which 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 follows from less risk sharing (more “high-

powered” rewards). Though this is natural, it should be noted that there are alternatives. For
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example, one could formulate a model in which entrepreneurs take greater (socially efficient)
risks when there is better risk sharing. This might follow from the presence of partially unin-
sured income risk for entrepreneurs. Though this is an interesting avenue to pursue, what we
have focused on is the canonical moral hazard problem highlighting the risk-reward trade-off in
risky activities (entrepreneurship). We believe that investigating the implications of partially
uninsured income risk for risk-taking is an interesting area for research and the exact impli-
cations of risk sharing for innovative activities needs to be investigated both theoretically and
empirically in future work.

Third, the assumption that there are only two levels of effort also significantly simplifies our
analysis. Without this assumption, the main economic forces in our model would still lead to an
asymmetric equilibrium with one country becoming the technology leader and choosing to induce
higher effort than the follower countries (when the world technology 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 time because the effort level in all countries would
change away from the asymptotic equilibrium. In addition to making the analysis somewhat
more involved, this would also make it harder to map the model to the “cutthroat” and “cuddly”
styles of capitalism. We have therefore simplified 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 also. Though we believe 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, is important, some of these other
linkages also lead to asymmetric world equilibria. For instance, when countries trade, there
may be complementary reasons for countries 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 were structures. In a world equilibrium with trade, some countries
will specialize in sectors benefiting from cutthroat incentives and may then find it beneficial to
provide such incentives, while others opt for cuddly incentives and specialize in sectors that
benefit from such cuddly incentives.®

Fifth, we have also simplified the analysis by assuming that reward structures are deter-
mined to maximize discounted utility not by domestic political economy considerations. This
assumption is also adopted for simplicity, and in reality, political economy considerations are
central, and different reward structures will create different winners and losers. Nevertheless,
abstracting from these considerations has enabled us to clearly delineate the key force leading
to an asymmetric world equilibrium. In Section 6, we show how domestic political constraints,
modeled in a simple manner, interact with the forces we have highlighted so far and play the

role of selecting which country will be a technology leader with cutthroat incentives.

Y6Relatedly, see Acemoglu and Ventura (2001) 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.
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5 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 they

hold with the general convex form of the world technology frontier given in (6).

5.1 General Preferences

In this subsection, we return to the more general preferences introduced in (8), which separate
the coefficient of relative risk aversion from the parameter that determines the willingness of the
social planner to trade-off consumption differences across cohorts. This requires us to modify

Assumptions 2 and 3 their equivalents in this case where 6 # .

Assumption 2':
p_(l_)‘)gc>0'

Notice that once 6 # A, what is relevant to ensure that the social planner’s discounted utility
is bounded away from infinity is A, since it regulates how future increases in utility are valued

today.
Assumption 3’:
1 1
<wc>1_6 (p_(l_A)gc>1_’\

— > (== :

Wo p—(1=XNgo
Proposition 6 Suppose country social planners maximize (8), the world technology frontier is
given by (5) and Assumptions 1,2, 8 and j hold, X > 0 and ¢ > %. Let

. = (1 —=6)(gc — go)wo + (1 — N)go(wo — we)
o (wo — WC)(P + ¢gc) ’

and
~ (1=6)(ge — go)we + (1 = N)ge(wo — wc).

e (o — we)(p + b90)

Then the world equilibrium is characterized as follows. The leader country ¢ always chooses

cutthroat rewards, i.e., ug(t) =1 for all t. For each follower j # ¢, we have:

1 If
Yo

22> M, > e, (22)
Ge

there exist m, m, T T >0 such that for nj (0) < @lw, the reward structure of country

J is cutthroat (i.e., uj(t) =1) for allt <T, and then att =T, we have n; (T) = Ql/qﬁ

and country j adopts a “mized” reward structure until T' (i.e., u;(t) € (0,1)) for all

T'>t>T. Then at t =T, we have n; (T") = mY? and country j switches to a cuddly

reward structure (i.e., uj (t) =0) for allt > T', and n; (t) — (90/9e)"?.
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2. If
9o

= <m, and m, < 1, (23)
9e
then there exist m and m such that for m'/? < n; (0) < @1/45, the reward structure of
country j is mized (i.e., uj(t) € (0,1)) for all t, and (m;(t),u;(t)) — (m*,u*). If
nj (0) < m'/?, then country j first adopts a cutthroat reward structure (i.e., uj(t) = 1)
until some T > 0, and then switches to a mized reward structure, again converging to a
unique (m*,u*), and if nj (0) > m'/?, then country j first adopts a cuddly reward structure
(i.e., uj (t) = 0) until some T' > 0, and then switches to a mized reward structure, again

converging to a unique (m*,u*).

3. If
Mo > Me > 1, (24)

then for any n; (0) < 1, the reward structure of country j is cutthroat for all t (i.e.,
uj (t) =1 for all t).

The economics of the results in this proposition are very similar to those in Proposition 2,
and the three parts of this proposition are the analogs of the three parts in Proposition 2. The
new features involve a clearer illustration of the roles of the coefficient of relative risk aversion,
0, and the willingness of the social planner to substitute consumption across cohorts given by,
A, and somewhat richer dynamics where mixed rewards can arise along the transition path (as

opposed to Proposition 2 where mixed rewards only emerge at the end of a transition path).

5.2 General Convex Aggregators for World Technology Frontier

We next show that the main result of this section holds with general aggregators of the form
(6) provided that these aggregators are sufficiently “convex,” i.e., putting sufficient weight on
technologically more advanced 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 activities) of a single technology leader, but by a weighted average of
all economies. Nevertheless, the same economic forces our present because the convexity of these
aggregators implies that the impact on the world growth rate of a change in the reward structure
of a technologically advanced 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 w,/we > go/ge and that the world
technology frontier is given by (6). Then there exist & < 0, p > 0, 8 < 1 and ¥ < 1 such that
when o € (5,0), p<p, 0 >0, and v > 7, there is no symmetric world equilibrium with all
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countries choosing the same reward structure. Instead, there exists T < oo such that for all
t > T, a subset of countries will choose a cutthroat reward structure while the remainder will

choose a cuddly or mized reward structure.

Observe that the assumption that p < p and w,/w. > go/g. replaces Assumption 3 for this
case, and v > ¥ ensures that a symmetric equilibrium in which all countries adopt cutthroat
incentives does not exist. The condition that o has to be above some & < 0 is also intuitive; if
o approaches —oo (so that the world technology frontier becomes linear), technologically more
advanced and more backward economies have similar contributions to the world technology fron-
tier, removing the economic rationale for an asymmetric equilibrium where the contributions
of the more advanced economies to world technology enable the rest to choose cuddly incen-
tives. Finally the condition # > @ 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 Assumption 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 incentives while the rest do not (which is

true without relying on Assumption 4).

6 Equilibrium under Domestic Political Constraints

In this section, we focus on the world economy with two countries, j and 7/, and we also relax
Assumption 4, so that asymmetric equilibria in which countries that initially start out behind
later become the technology leader are possible. We also simplify the discussion by assuming
that n; (0) = n; (0) and also by assuming that the world technology frontier is given by (5).
This implies that there are two asymmetric equilibria, one in which country j is the technology
leader and j’ the follower, and vice versa. We also suppose that the social planner in country
7 is subject to domestic political constraints imposed by a social democratic party or a labor
movement, which prevent the ratio of rewards between successful and unsuccessful entrepreneurs
from exceeding some amount (. There are no domestic constraints in country j'. If ( > A, then
domestic constraints have no impact on the choice of country j, and there continue to be two
asymmetric equilibria.

Suppose instead that ¢ < A. This implies that because of domestic political constraints, it
is impossible for country j to adopt a cutthroat strategy regardless of the strategy of country 7’.
This implies that of the two asymmetric equilibria, the one in which country j adopts a cutthroat
reward structure disappears, and the unique equilibrium becomes the one in which country j’
adopts the cutthroat strategy and country j chooses an egalitarian structure. However, from
Proposition 2 above, this implies that country j will now have higher welfare than in the other
asymmetric equilibrium (which has now disappeared). This simple example thus illustrates how
domestic political constraints, which restrict the amount of inequality in society, can create an

advantage in the world economy.
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We next show that this result generalizes to the case in which the two countries do not start

with the same initial level of technology.

Proposition 8 Suppose that the world technology frontier is given by (5), Assumptions 1-3 hold,
and m < 1 as in parts 1 and 2 of Proposition 2 so that the world equilibrium is asymmetric.
Suppose also that there are two countries j and j' with initial (relative) technology levels ny (0) >

n; (0) (which is without loss of any generality). Then:

1. There exists § > 0 such that for all nj (0) > 1 — 9, there are two two types of asymmetric
equilibria, one type in which asymptotically country j adopts a cutthroat reward structure

and country j' adopts a cuddly reward structure, and vice versa.

2. If domestic constraints imply that country j cannot adopt a cutthroat reward structure, then
the unique equilibrium is the one in which country 7' adopts a cutthroat reward structure
and country j asymptotically adopts a cuddly reward structure. The equilibrium welfare of

country j is greater than that of country j'.

An interesting implication of this result is that country j, which has a stronger social demo-
cratic party, benefits in welfare terms by having both equality and rapid growth, but “exports”
its potential labor conflict to country j’/, which now has to choose a reward structure with
significantly greater inequality.

In the context of the comparison of the US to Scandinavian economies, the latter clearly have
a history of stronger labor movement and social democratic party, suggesting that this might
have been one of the factors influencing the specific pattern of asymmetric world equilibrium that
has developed over the last several decades. Friedman (2010), for example, provides an overview
of existing cross-national historical data on union density which shows that in 1928, just prior
to the date when the Swedish Social Democrats took power (1932), its unionization rate was
32%. In Denmark, this was 39.7% and in Norway 17.4%. In the US this number was 9.9% in
1928. It is not just the extent of unionization, but how it is organized that mattered. American
Unions like those of Britain tended to be along craft lines with multiple unions in a single
firm, making it much more difficult for the labor movement to act collectively. In Scandinavia,
unions were organized by industry and were much more encompassing. Finally, the rise of social
democratic parties which cemented the Scandinavian model into place had its roots in the late
19th century (see Lundberg and Amark, 2001, for Sweden, Baldwin, 1992, more generally), and
its particular universalistic and tax financed nature was a result of what Gourevitch (1986) calls
the “Red-Green Coalition,” which linked poor rural peasants with urban industrial workers (see
also Baldwin, 1992). In the US similar debates took place and the coalitions that formed within
the Populist and Progressive movements had Red-Green elements. Though they also managed
to push progressive reforms, such as the introduction of the income tax in 1913, these movements
were weaker and failed to unite with a factious labor movement. While the 1920s saw left-wing

political parties come to power in Denmark (the Social Democrats came to power in 1924) and
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Norway (Norwegian Labor Party formed its first government in 1928), left-wing US political
parties lost their power during this period. Thus just at the critical juncture where many of
the institutions of 20th century developed countries states were formed, the strength of labor

movements and left-wing political parties was much greater in Scandinavia than in the US.

7 Case Study Evidence from the Pharmaceutical Industry

In this section we discuss the industrial organization of the global pharmaceutical sector, which,
we argue, is consistent with the major assumptions and predictions of the model. We seek to
establish four main claims: (i) that there are large cross-national spillovers in pharmaceutical
research and development; (ii) that in spite of the joint, global fixed cost nature of R&D costs
in the pharmaceutical sector, there are large, persistent differences in drug prices/markups
between the US and other OECD countries which, similar to our distinction between cuddly
and cutthroat reward structures, translate into different rewards to firms offering new drugs.
Moreover, these differences seem to arise mainly from the absence or presence of drug price
controls; (iii) that “cuddly” countries, with drug price controls that result in cheaper domestic
access to drugs, contribute less to global new drug discoveries than does the “cutthroat” US; and
(iv) that politicians in the US and in other OECD countries are aware of and seek to maintain
this discriminatory pricing arrangement, suggesting an asymmetric global political economy
equilibrium along the lines of our model.

Research and development 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 et al.,
2003) and roughly 30 percent of total costs by some estimates (Danzon, 1997). Existing evi-
dence suggests that not only the overall amount of innovation, but the direction of innovation in
the sector strongly responds to profits incentives (Acemoglu and Linn, 2004, Finkelstein, 2004).
Investments by firms in R&D have large cross-national spillovers, because once a new drug is dis-
covered no marginal R&D costs are involved in bringing the drug to market in specific countries
(Danzon, 2003). For this reason, the pharmaceutical industry is dominated by multi-national
companies, which market new drugs globally, either directly or indirectly through licensing. The
pharmaceutical sector is one of the most prone to free-riding on innovation.'”

Consumers pay very different costs across countries for similar drugs, mainly as a result of
government policy. Golec et al. (2006) demonstrate, using drug price indices, that between 1986
and 2004, after adjusting for inflation, drug prices remained stable in the European Union but
rose dramatically in the United States. The difference in prices for the exact same drugs between
the neighboring US and Canada is a particularly stark illustration of this phenomenon. Quon
et al (2005), find that brand-name medications are approximately 24% cheaper on the websites
of Canadian pharmaceutical retailers than on the websites of US drug chain pharmacies. These

higher drug prices in the US are widely argued to be the result of a Congressional ban on the

""Mansfield (1986) suggests that innovations are protected by patents to a much greater extent in the pharma-
ceutical industry than in any other sector.
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federal government negotiating drug prices with companies, whereas all other OECD countries
have adopted drug price controls (Scherer, 2004). Cross-border price disparities are preserved via
laws that prohibit the re-importation of prescription medicines from other countries; nonetheless,
there is a large illegal cross-border drug re-importation trade (Bhosle and Balakrishnan, 2007).

The trade-off between “the affordability of drugs and technological progress” (Scherer, 2004)
is widely acknowledged in the pharmaceutical industry. In our model, countries at the world
technology frontier disproportionately contribute to the incentives for innovation while coun-
tries behind the frontier can free ride upon these incentives and enjoy “cuddlier” domestic
institutions. While the issue is difficult to assess empirically, given the multi-national nature of
pharmaceutical companies, there is prima facie empirical evidence that US consumers contribute
disproportionately to new drug development via higher drug prices. Since US-based firms tend
to sell disproportionately in the US market compared to EU firms, it is possible to compare
industries to assess relative rates of profitability and innovation. Golec et al. (2006) report
that between 1993-2004, U.S.-based pharmaceutical firms averaged 17.1 percent profitability (in
terms of operating income divided by total assets) while EU-based firms averaged 12.2 percent
profitability. In the same period US firms spent 9.1% of the value of their total assets on R&D,
while EU firms spent 8.9%. They also report data on the aggregate size of R&D investments,
noting that between 1993 and 2004, US firms’ assets and R&D investments have grown at a
much faster pace than EU firms’. To the extent that these differences reveal the impact of EU
price controls upon innovation, they are likely underestimates, since EU-based firms also market
drugs in the more profitable US market.

Additional evidence links profitability and drug prices to innovation intensity. Danzon and
Wang (2004) analyze the launch of 85 new drugs in 25 major markets and find that while drugs
reach all major markets they are launched earlier in countries— notably the US — with higher
expected drug prices. Scherer (2001) finds that within the US, the single largest market for
U.S. drug companies’ products, R&D outlays closely track profits over time, both in term of
long-term trends and short-term deviations from trend, a finding echoed by Giaccotto et al.
(2005).

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, the single largest market
for pharmaceutical products were patented by US-based firms and research entities.

Finally, there is evidence that policy makers in the US and in other OECD countries are
aware of this discriminatory pricing arrangement but nevertheless see it as their best response
to preserve the arrangement. This is seen clearly in the efforts in both the US and Canada
to prevent the equalization of drug prices via cross-border trade. Though more than 70% of
American above the age of fifty report that they would buy drugs from Canada if it were
allowed (Choudhry and Detsky, 2005), prescription drug re-importation is illegal in the US
(Bhosle and Balakrishnan, 2007). The Canadian Pharmacists’ Association supports a ban of

the exportation of drugs from Canada to the US on the grounds that “allowing Canadian
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price-controlled medicines to be exported to the United States will damage the Canadian drug
supply and could very well lead to increased drug prices for Canadians”. Proposals in the US,
meanwhile, that the federal government negotiate drug prices with pharmaceutical companies
have been consistently opposed by conservative politicians and defeated on the grounds that it
would stifle innovation and competition (Moffitt, 2013). Strikingly, the US did not implement
drug price controls or negotiation as part of the adoption of the Affordable Healthcare Act.
In other OECD countries, governments utilize their bargaining power as managers of national
healthcare schemes to negotiate and control drug prices. Though it is difficult to separate
absence of price controls in the US from the lobbying of rent-seeking pharmaceutical companies
(Marmor and Hacker, 2005), it is clear that politicians have been more successful in leveraging
these arguments to block drug price controls in the US than politicians in other OECD countries.

Thus, consistent with the model, we see that in a sector where global free-riding on in-
novation is a salient dynamic, some countries adopt relatively more “cutthroat” or “cuddly”
incentives for pharmaceutical innovation via price control policies. Consistent with the notion
of a stable, asymmetric institutional equilibrium in our model, policy makers in both cuddly
and cutthroat systems appear to understand the economic forces that make this discriminatory

pricing arrangement stable.

8 Conclusion

In this paper, we have taken a first step towards 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 the 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—thus
greater inequality—increases innovative effort and a country’s contributions to the world tech-
nology frontier. Under plausible assumptions, in particular with sufficient risk aversion and a
sufficient return to entrepreneurial effort, some countries will opt for a type of “cutthroat” cap-
italism that generates greater inequality and more innovation and will become the technology
leaders, while others will free-ride on the cutthroat incentives of the leaders and choose a more
“cuddly” 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. Nevertheless, this configuration is an equilibrium because cutthroat capi-
talists cannot 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 rela-
tively advanced countries, ranging from greater inequality and risk-taking in the United States

to the more egalitarian societies supported by a strong safety net in Scandinavia, rather than
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reflecting 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 Scandinavian capitalism depends in part on the knowledge spillovers
created by the more cutthroat American capitalism.

Clearly, the ideas developed in this paper are speculative. We have theoretically shown
that a specific type of asymmetric 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 institutional choices among relatively
advanced nations is largely an empirical question. We hope that our paper will be an impetus

for a detailed empirical study of these issues.

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 N; (t). This follows directly from
Chapter 18 of Acemoglu (2009). Here it suffices to note that the final good production function
(1) implies iso-elastic demand for machines with elasticity 1//3, and thus each monopolist will
charge a constant monopoly price of ¥/ (1 — 3), where recall that v is the marginal cost in terms
of the final good of producing any of the machines given its blueprint (invented or adapted from
the world technology frontier). Our normalization that ¢y = 1 — 3 then implies that monopoly
prices and equilibrium quantities are given by pj (v,t) = 1 and x;(v,t) = L; = 1 for all j, v and ¢.
This gives that total expenditure on machines in country j at time ¢ will be X;(t) = (1 — ) N;(¢),

while total gross output is
1
Y;(t) = mNj(t)‘
Therefore, total net output, left over for distributing across all workers/entrepreneurs is
NY;(t) = Y;(t) — X;(t) = BN, (t), with B = 5(2— ) /(1 — B3) as in equation (10) in the

text, leading to (12). m

Proof of Proposition 2. We now present a proof of our main result, Proposition 2. Suppose
country ¢ adopts a cutthroat reward structure at all times, i.e., uy(t) = 1 for all ¢. Then the

problem of follower country j’s social planner can then be written as

Wi(N; () N () =  max / P00 (uy (1)) (7)™ dr
ui(-)€[0,1] J¢

such that Nj (1) = g((u;(7)) Ny (7) Nj ()72,
with Ny (1) = N (t) e (for 7 > t).

With a change of variable for m; = (N;/Ny)? < 1, this can be written as:

Wi(m;(t)) = Ng(t) u(%leai[)](,l] /too o~ (= (1=0)ge)(7—t) (u(7))m; (7)1%,0 dr (A1)
mj (1) = ¢lg(u(r)) —gemj (1))].
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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, £. The Markov Perfect
Equilibrium corresponds to the situation in which all countries use “closed loop” strategies.
However, given our selection rule, the same country, ¢, remains the leader and adopts a cutthroat
reward structure (ensured by Assumption 3), the open and the closed loop solutions coincide,
because under this scenario, country ¢ always adopts a cutthroat reward structure, regardless
of the strategies of other countries. Hence we can characterize all equilibria by deriving the
solution to (Al).

Let us next define the current-value Hamiltonian, suppressing the country index j to simplify

notation,

H(m (1) ,u(t) 1 (£) = w(u (0)m (1) 7 + p(t) 6 g(u (1)) — gom. (1)],

where pu(t) is the current-value co-state variable. We next apply the Maximum Principle to
obtain a candidate solution. This implies for the control variable (reward structure) w (¢) the

following bang-bang form:

=1 U(t)<0
u(t) €1[0,1] if ¥()=0 (A2)
=0 U(t) >0
where W (¢) is the switching function:
V()= @o—w)m ()T —p(t)dlge— gl (A3)
In addition,
m(t) = ¢lg(u(t)) —gem(t)] with m (0) > 0 given (A4)
. 1-0 1-0_
(0 = (o= (1= 0+ b9 ()~ Cm(®) T T wu(v),
and the transversality condition,
lim e~ (P=(1=0)9e)t (1) = 0, (A5)

t—o0

Now differentiating (A3) and combining it with (A4), we have

1-6

V() = (p— (1= 0)ge + ¢9c) U(1) + (wo — we) (p + dge)ml(t) #

(m —mf(t)), (AG)
where m is given by (18) in the statement of Proposition 2. Integrating (A6), we obtain
\If(t) = (wo — wc)<p + ¢gc) / e_((p_(1_0)90+¢90))(T_t)m(fr) [ (m(’]’) — ﬁl) d’r. (A?)
t
Note also a special feature of this problem. We have that
1-9
olw@®)m®)® | /ou

e ) —gem O35~ go—go O "
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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 > g,/g.. Then

0 if m(t)>m
u(t)=< u* if m(@t)=m
1 if m()<m

with u* given such that m = g(u*)/g. satisfies (A2) and defines a MRAP (note that when
m (t) =m, m(t) = 0 and ¥ () = 0), and is thus the unique global maximum. This establishes
part 2 of the proposition.

Next consider part 3 where m > 1. In this case, ¥ (¢f) < 0 for all ¢ (regardless of initial
conditions), and thus u (t) = 1 for all ¢ defines a MRAP, establishing part 3 of the proposition.

Finally, consider part 1, where m < g,/gc. If m (0) > go/gc, then (A4) implies that m(t) >
9o/ge > m for all t. Hence (A7) implies that ¥ (¢) > 0 for all ¢, and thus u (¢) = 0 for all ¢
(which also implies from (A4) that m (¢) is monotonically decreasing towards g,/g.). This again
defines a MRAP, yielding the desired result.

The only remaining case is where m < g,/g. and m (0) < go/g.. Note that in this case the
solution must have u(t) = 0 or u(t) = 1 for almost all times (since m(t) = m for all ¢ 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 proposition, i.e., u(t) =1 for all t <T and u(t) =0 for all ¢t > T

for some T (or conversely for n (t) > m'/¢ for some ).

Lemma 1 When m < go/ e, there exists T < oo such that u(t) =1 for t <T and u(t) =0 for
t>1T.

Proof. First, u(t) = 1 for all ¢ is not optimal in view of the fact that m < g,/g.. Therefore,
there exists at least some interval in which u(t) = 0. Take [T7,7%) to be the the first such interval.
If T5 = oo, the lemma is proved. To obtain a contradiction that T5 < co. We then can show
that this leads to a contradiction.
Note first that WU(t) defined by (A7) is continuously differentiable. Moreover, by definition,
U(Ty) = ¥(T2) =0 and ¥(t) <0 for t € (T1,T2). This implies that

m(t) = m (Ty) e~ ?oet=T0) 4 Z—O (1 - e_¢gc(t_T1)) for t € [Th,T3).

Once again because m < go/gc, u(t) = 1 at all time ¢t > T5 is not optimal, and thus there exists
T3 < oo such that u(t) = 1 and thus ¥(t) > 0 for ¢t € [T», T3], and also U(Tz) = ¥(T3) = 0, and
V(T3 +¢€) < 0 for € > 0 small enough. Hence

m(t) = m (Tp) e”®9tT) 41 — ¢799(=T2) for ¢ € [Ty, T). (A8)
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Combining this with (A6), we have

1

S

- m(T1)]
- m(T)]
i — m(Ts)].

U(T) = (1-0)(we—wo)lp+ dge)m(T)
\P(TZ) = (1 - 9) (Wc - Wo)(p + ¢gc)m(T2)
U(T3) = (1-0)(we—wo)(p+ bge)m(Ts)

1

s
s
s

S

-

6
Now, if m (T1) > go/gc, m(t) is decreasing in t for t € [11,T>] with m(T3) > go/g.. This
implies M < go/ge < m (Ty) < m (T1), and thus ¥(71) < 0 and ¥(T3) < 0, which contradicts
U(Ty) = ¥(Tz) = 0.
If, instead, m (T1) < go/ge, then m(t) is increasing in t for t € [T7,Ts] with m(T3) < go/ge-
In addition:

1. If m < m(Ty) < m(Ty), then ¥(T1) < 0 and ¥(T3) < 0, leading to a contradiction.

2. If m(T1) < m(Ty) < m < go/ge, then W(T}) > 0 and ¥(Ty) > 0, yielding another

contradiction.

3. It m(Th) < m < m(T2) < go/ge, then u(t) = 1 and ¥(t) < 0 for t € (T»,T3), and thus
U(Ty) = ¥(T3) = 0, and (A8) implies that m(¢) is increasing on [Ty, T3] and m (Ta) <
m (T3). But this implies ¥(T3) < 0 and ¥(T3) < 0, which gives a contradiction combined
with U(Ty) = U(T3) = 0, establishing the lemma.

This lemma this implies that in the case where m < g,/g., the equilibrium will involve
u(t)=1forallt <T and u(t) =0 for all £ > T". Then from (A4) evaluated with u () = 1, we
define m(T") = m to complete the proof of the proposition.

Finally, note that the phase diagrams in Figures 1, 2 and 3 can be derived straightforwardly
from the expressions here, but to save space, we will derive them instead as a special case of the

phase diagrams introduced in the proof of Proposition 6. m

Proof of Proposition 3. The condition that m < 1 can be written as

~ 1_996_990

= <1, A9
=170 )1 dge (49)

where
[ A0+ (1—qr)] (1 =)'

(@A+(1—q))’
with A given as in equation (9). First note that © does not depend on g, and thus a higher

Q

w
—~ = > 0,
Wo

go makes reduces the left-hand side of (A9) and makes this inequality more likely to hold,
establishing the second claim. Next () also does not depend on ¢ and thus a higher ¢ makes
(A9) more likely to hold as well, establishing the third claim.

To prove the first claim, observe that

@_ 1 Q(gc_go)
O ptoge (1-Q)°

00/ 0y

00 4 41— 0)02/0A04/0)

Q A
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We next show that the term in square brackets on the right-hand side is negative, establishing

that m is decreasing in v and thus the first claim in the proposition.

Lemma 2 Suppose that Assumption 1 holds. Then

Q Q/0A A
1= BYOY o g PUOA g YA .
Q A
Proof. Straightforward differentiation gives
o/oy  (1-0)
A-0)—5— R <0,
0/0A 1-0)2q(1—q)(A? -1
1 _0)6 JOA (1_0 0)" 11 — q1)( ) . 0,
Q (@AY + (1 —q)] [ A+ (1 —q1)]
and ;
0A/0y _ (1 =7)""[g1 — ol > 0.
A [1—g0—(1=q)(X =" [q1(1 =)'~ qo]
n
The proof of the second claim is similar and is omitted.
We next turn to the third claim. We have
om/06 1 [, 92 (9c=90)(1-0)
mo1-0 90 (g0 — Q90) (1 - Q)|
oQ/oy A log A
g = “log(l-9)- G AT (=g log(q1 A+ (1 —q1))
0A 1—q)(A7%—1
ta-pnd 1_9(11( a1)( ) 7
90 [ A0 + (1 —q)] [ A+ (1 — q1)]
and
(1-9) 0A/00 (g1 — q0) (1 — )P log(1 — )
A [(1—=q0) = (1 —q1)(1 =) [q1(1 =)'~ — qo]

+(119) [log ((1 —q)—(1—-—q)(1— 7)1—9) — log (q1(1 — 7)1_9 — QO)] )

b
q1—4q0
(1-— 9)%%—’3 vconstant-y2. Therefore, ignoring second-order terms in 7, we have that around

v =0,

Consider next a first-order Taylor expansion of A around ~ = 0, which gives log A = and

02/00 @y Clog(1 4~y 2y _ (@t _

Q 1 — qo 91— qo a1 —qo a1 —qo

Therefore, there exists a value 7 > 0 such that for v < 7, 8%87 < 0 and thus % < 0 when

0 < 1, establishing the fourth claim. m

Proof of Proposition 4. Consider the case where ny(0) = n; (0). Then the result follows

immediately from the proof of Proposition 2. In particular, recall that in part 1 or part 2 of that
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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 structure, it would have exactly the same welfare as
country ¢, and thus at ng (0) = n; (0), country j has strictly higher welfare than country £. Next

by continuity, this is also true for n; (0) > 1 — ¢ for § sufficiently small and positive. m

Proof of Proposition 5. To simplify notation, focus on the case with two countries, £ = 1 and
j = 2. Suppose that there exists another equilibrium than the one characterized in Proposition
2 in which country ¢ = 1 still remains the leader throughout. This means that either country
1 adopts u1(t) = 1 throughout and country 2 adopts a different strategy than in Proposition
2, or that country 1 adopts u1(t) = 0 for some interval (with positive measure). But the first
possibility is ruled out by the proof of Proposition 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 obtain strictly lower welfare if u;(t) = 0 for some (positive measure) interval.

Next consider the case where there exists another equilibrium in which country £ = 1 ceases
to be the technology leader at some point T. We now characterize the lowest possible value of
T, which results when country ¢ = 1 adopts u1(¢t) = 0 and country 2 adopts uz(t) = 1 until 7'

This is given as the solution to

Nl(T :NQ(T), where

where these expressions follow directly from (16). Solving these three equations together gives

us the date at which switches from country 1 to country 2 is
ge _ ¢
1 < —n(0)
o Jo
This equation implies that for ¢ — 0, we have T' — oc.
Note next that welfare of country £ =1 at time ¢t = 0 can then be written as
Wo

p— (1 _9)90

where Wi (T') is the continuation utility of country 1 after T where the technology leadership
shifts to country 2. Clearly Wi(T') < wo/(p — (1 — 0)g.). In view of this and of Assumption 3,
when T is large enough (or equivalently ¢ < @), Wi (0) is strictly less than

Wi (0) = (1 — e—(p—(l—G)go)T) + 6—pTW1(T)’

e — (1 o—(p—(A=0)go)T\ __ Ye | —(p—(1-0)go)T___ Yec
M) (1 ‘ )p—(1—9)gcJre p—(1—0)g

(where Assumption 3 ensures that the first term of Wj(0) is strictly smaller than the first term
of Wf(0), and the hypothesis that T is large enough ensures that the second term of W (0) is
small and thus cannot make up the difference). The hypothesis that ¢ < ¢ also ensures that
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the same conclusion applies even after country 2 is arbitrarily close to its BGP level of relative
technology, n* (which it will approach as u;(t) = 1 and ug(t) = 0 for all t). Therefore, country
1 would be strictly better off choosing u(t) = 1 for all t. The same argument applies for any
profile in which the switch happens at a later date than 7', thus establishing the desired result.
|

Proof of Proposition 6. First consider country £ who is the technology leader at time ¢t = 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 technology,
i.e., N(t) = Ny(t). Then (16) implies that

Ny(t)
No(t)

Then Assumption 3 implies that country ¢ always prefers fully cutthroat incentives, i.e., u(t) =
1.

= g(u(t)).

Next, let us focus on the problem of a follower country j # £ and drop the subscript j. This

can be written as:

maxu s Joo e (1 = wu)] T n() AN Pt st B = gu()n(t) " - g,
Ni(t) = geNo(1)

n(0) = N(0)/N¢(0) given.
(A11)

To simplify the algebra, it is useful to consider the same change of variable as in the proof of
Proposition 2, m(t) = (N (t) /Ny (t))®. Then (A11) can equivalently be written as

maxuy T S5 e 0 — O(u®) D m@) TN st ) = dlg(ut) — gm(®)],
Nﬁ(t) = chﬂ(t)
m(0) = (N(0)/N;(0))° given.

The current value Hamiltonean for this problem can be written as

1 1-x 1-2
H = = [(1 = O)w(u(®))] =7 m(?)

|

+p(@)olg(u(t)) — gem(t)]-

Consider the candidate solution given by the Maximum Principle, i.e., as a solution to the

following equations:

%Z = U(1) = (we — wo) (1~ O)w(u(t)] 7 m(t) -+ pu(t)d(ge — g0) = 0 for 0 < u(t) < 1
m(t) = ¢lg(u(t)) — gem(t)] (A12)
t) = (p— (1= Nge + dg)u(t) — = [(1 = O)w(u(®)] 15 m() 7,

¢
together with the transversality condition, which takes the form

lim e~ (P=(1=Nge)t () — 0.

t—o0
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If the first condition cannot be satisfied for interior u (¢), we have a corner solution at 0 or 1.
Let us next use another change of variable and define the following modified multiplier (co-
state variable):

A—1

k(t) = p(t)m(t) ¢ .
Then we can write, from the first line of (A12),

1—X

W) =m(t) " [(we—wo) [(1 - Ow(w®)] = + ()69 — 90)]

This immediately implies the following optimal control as a function of the multiplier x (where

we suppress the time argument from now on):

1 if kK> Ky
u(k) = 0 itk <ko , (A13)
u*(k) if K1 > K> Ko
where
( ) (1L~ )] 7
We — W — w,|T=
kL = c 9 c , Al4
! QZ)(QC - 90) ( )
9=\
R, = (we — wo) [(1 = O)w,] =0 . and
(gc - go)

1-0
'LL*(KJ) = wO o 1 1 ¢)(gc - gO) K 0=A .
Wo—wWe 1 —=0w,—we \ wo— we
Then substituting for (A13) into the differential equations for 7 and fi, and using the definition

of k, we obtain the law of motion of the system consisting of (m, ) as

k= (= (= Mo+ 000) = (1= D) - (1= Nlgo + (g2 = gl 15

m = ¢(go+ (ge — go)u(k) — gem).

with u(k) = 0 when k < Ko, u(k) = 1 when £ > Ky and u(k) = u*(k) € (0,1) for kK1 > kK > Ro.
In particular in the last regime where u(k) = u*(k), after substitution of (A14) the system can

be rewritten as:

1-X 1—X\
A—0 — oA 1-0 KON _ B
P I —(1_,\)“’0(98 9o) + 9o (wo wc){f—m)
1—0 |wo — we m Wo — We m
m = ¢(wo(gc—go)+(wo—wc)go_ 1 9ec — 9o Gﬁgf)%m%—gcm)
Wo — We 1—0 Wo — We

More specifically, in a phase diagram in the (m, k) space, the 7 = 0 locus is given as shown
in Figure 7, with the curve linking m = g,/g. (which applies when £ < Ko and thus u(k) =
0) to m = 1 (which applies when x > kK and thus u(k) = 1) given from (A1l5) as m =
9o + (9c — go)u(kK)/ge, which defines an increasing relationship. Clearly, i > 0 above this curve

and 7 < 0 below this curve.
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9o/ 9e 1 m;(t)

Figure 7: Construction of phase diagram for Proposition 7. 7 = 0 locus.

ri;(t)
|
| T
l kj=0
e Mo m;(t)

Figure 8: Construction of phase diagram for Proposition 7. £ = 0 locus.
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ﬁ").n g()/g(: 1 m] (t)

Figure 9: Phase diagram for Proposition 7. Case ¢,/gc > mo > Me.

The £ = 0 locus in the (m, k) space is derived similarly from (A15), and thus shown in Figure
8, with £ > 0 above this curve and A < 0 below this curve.

Once we put these two curves together, equilibrium dynamics are determined by the point
of intersection. Figure 9 corresponds to the case where g,/g. > m, > m.. The two curves for
m = 0 and £ = 0 intersect where m = g,/g.. 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 that follow from this figure. In particular, asymptotically (for m close enough to
9o/ gc) the follower necessarily chooses u = 0, and this is preceded by regions in which u € (0, 1)
and u = 1.

Figure 10 corresponds to the case where g,/g. < m, and m, < 1, where the intersection of
the curves for m = 0 and £ = 0 takes place where i = 0 is downward sloping. The unique stable
arm’s location then follows again straightforwardly from the laws of motion derived above, and
these dynamics established the results in part 2.

Finally, Figure 11 corresponds case where m, > m. > 1, leading to the intersection of the
terms for i = 0 and & = 0 at m = 1. The shape of the unique stable arm now implies that
u = 1 throughout.

We also note that when 8 = \, K9 = k1, and the phase diagrams simplify to Figures 1, 2 and
3 in the text.

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

02H 0=A_ 1-X

Fr = (0N [we—wol’ [(1 = Ow(w)] =7 m'?
i L= L S o S
dudm & [we — wo] [(1 — Ow(u)] 10 m &

o°H 1-A- 1-A  1-A_

om? - ¢2 0 [(1 - Q)W(U)] 1-0m ¢ 2
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Figure 10: Phase diagram for Proposition 7. Case g,/g. < m, and m, < 1.

K (t)
K1
[ =N S N
9o/ Ye 1 Me m;(t)

Figure 11: Phase diagram for Proposition 7. Case m, > m. > 1.
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where recall that 7¢ < 1 when 6 < 1. Mangasarian sufficiency condition, the joint concavity of

2
H, is equivalent to %QTPQI <0, %271;[ <0 and %QTIQJ‘?;TI; — (gzgl) > 0. The first of conditions are
(1-6)(1—X)

satisfied. Some algebra establishes that the third one is also satisfied when ¢ > =)
Proof of Proposition 7. We will prove that under the hypotheses of the proposition, there

does not exist a symmetric equilibrium.

Suppose first that all countries choose a cuddly reward structure for all ¢ > 0. Then the
world economy converges to a Balanced Growth Path (BGP) where every country has the same
level of income, N; (t) /(1 — ) = N (t) /(1 — B), and grows at the same rate, which from (6) is

equal to N(t)/N(t) = g,. The time t welfare of country j in this equilibrium can be written as

Wi (t) = /t T ity @3 ((:)))1—9 N(r)'~“dr,

which implies that for any € > 0, there exists 77 such that for all ¢ > 77, we are close enough to

the BGP equilibrium in the sense that 1 — e < ]]\@((tt)) <1+e, N/N < go + €, and

wWolN ()10 (1 + €)1—¢
p—(1=0)(go+e¢)
Consider now a deviation of one country k to a cutthroat reward structure at all times t > T7.

Denote by ]/\\Tj (t), the new growth path of country j and by ]/\\T(t) the growth path to the world

technology frontier. The world economy converges again to a new BGP with growth rate g.

Wi(t) <

This BGP growth rate can be written as

o—1

1 1 1
{(J—l)ga" T 49l ” > Go.

9= Jﬁd)
After this deviation, we have Njy(t) > Nj(t) and Nj(t) > N(t) for all ¢ > T}. Then for € > 0,

there exists 77 > T4 such that for all ¢ > T7, N i/ ]Vk > g — €1, and welfare of country k satisfies
oo o~
WET) = / o= R, (1)1t
T

T/ o
- / LT N (1) O dt 4 T [ T N ()
Ty T

Nk(T{)l_e
p—(1=0)(g—e)

Now using the fact that Ny(T}) > Np(T7) > e%TI~T) Ny (T}), a sufficient condition for the

deviation for country k to be profitable is

/
> e*P(Tlle)wc

1-0 1-0 1-0
e~ (P=(1=0)g0) (T{~T1) Ny (Th) _ - woNk(Tl) (1+e)
p—(1-0)G—e) p—(1=0)(90+¢)
> WP(Th) = / h e~ (P~ (1=0)90)(t=T1), N, (£)' 0 dt.
T
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Rearranging terms, this can be written as

1

R = =

Next suppose that all countries adopt a cutthroat reward structure for all ¢ > 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(t)/N;(t) = g.. With a similar reasoning,
for € > 0, there exists 75 such that for all j and ¢ > T5, 1 —e < N; (t)/N(t) < 1+ € and

N/N < ge + €. Thus
WeN ()01 + )t
p—(1—=0)(gc+e)

Consider now a deviation of one country k to a cuddly reward structure at all time ¢ > T, while

Wi(t) <

all other countries j # k stay with cutthroat reward structures throughout. Denote the path of
technology of country j after this deviation by ]Vj(t), and the path of world technology frontier

by N (t). Clearly, N(t)/ N(t) = § < ge, and moreover Ni(t) < Ny, () for all ¢ > T5. Let us also
note that

_ N 1 1o1  lo=1]5%¢
g = ~(): fed (t]_]-)gc(i> e ‘i_go(;ZS >gO

Now, again fixing ez > 0, there exists T3 > T3 such that for all ¢ > T3, Nk/ﬁk > g — €9, and the

welfare of country k satisfies

WD) = /T e P Ny (8) 0 dt
2

T/
= / ’ e P2y, Npu(8) 10t + e=P(T2=T2) /oo e~ P(=T72) N (6) 0t
To T2/

T

1-6_(1-6 T,-T:
> WoNk(T2)1_0/ e =T (1=0)90(t=T) gy 4 =P(T5=T2) oNk(T2) ¢ ~)g0( )
. p—(L=0)(g—e)
S 4 o= (r—(1=0)g0)(T4-T2) Ni(Tp)'
p—(1-06)go p—(1—-0)(G—e)’

where the second line uses the fact Ni(t) > Nj(T3)e%(=72) Then a sufficient condition for the

deviation to the cuddly reward structure for country k to be profitable is

> woNk <T2>

1-6 1-6 1-6
e~ (P~ (1-0)g0)(T4=T2) Ny (T) - - WCN(Tz) I+e) ™
p—(1—-0)(g—e) p—(1—=0)(gc+e)

Since Ni(T2) > N(12)(1 — €), this sufficient condition can be rewritten as

1

1
1—e¢ p—(1—9)(90+6))>19 =000 (7y_15,) <wc)19
— - > | — . A18
) “, (A18)
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Thus combining (A17) and (A18), we obtain that the following is a sufficient condition for

an asymmetric equilibrium not to exist after some time 7' = max {17, T5}:

L+e\p—(1-0)(g—e) Wo

(A19)

Now note that as ¢ 7 0 in (6), § — ¢. and § — g.. Therefore, for ¢ > 0, there exists

o < 0 such that for 0 > 5, g—€¢ < g. and g — € < g.. Thus choosing e, €1, €2, and ¢ sufficiently
small, the following is also a sufficient condition:

1

1 1
e (T o (We \ T ey (P (1 —0)ge\ ™" ‘ (A20)
Wo p— (1 - 9)90

Consider first the case # < 1. Choosing p sufficiently close to (1 —#)g. and defining T =

max {T] — Ty, Ty — T»}, a further sufficient condition is obtained as

1

1
~(ge-90)T wc) T (ge—g)T (P—(l—e)gc> e
e > > e . A21

(wo pP— (1 - 9)90 ( )

For given choices of € and €1, T is fixed. Hence there exists p > (1 —0)g. such that for
(1 —-10)gc. < p < p, the right-hand side term inequality is close to zero and the left-hand term is
given by some positive number. Next recall that

<wc>1le @A -] (-7
aA+(1—q) '

_ w0\ /(=0 = g/ a0 ~ .
Denote v =1 — <—> , then (—z) — OTas v — 7. This in turn — 0 as § — 1.
1

Hence there exists § < 1 and 4 < 1 such that for § > 0 and v > 7, (Z—s)m is sandwiched
between these two terms, ensuring that (A21) is satisfied and a symmetric equilibrium does not
exist.

When 6 > 1, (A20) can be rewritten as

1 1
We p+ (9 - 1)90

Again defining T = max {T] — T1,T5 — T} and taking p < p for p small enough, a further
sufficient condition writes as

1 1
ego'f > <%> 6—1 > e—goT (go> 6—1
We Jc

1
Now the first inequality is satisfied as e%?T > 1 > (3—‘:) " as > 1 and w, < w, < 0. The

Wo

second inequality is satisfied when of

> Z—‘E’, ensuring therefore again that (A21) is satisfied and

a symmetric equilibrium does not exist.
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Finally, when these conditions are satisfied, a similar analysis to that in the proof of Propo-
sition 2 implies that the equilibrium will take the form where after some 7', subset of countries

choose a cuddly reward structure and the remaindered choose a cutthroat reward structure. m

Proof of Proposition 8. The first part follows by noting that when Assumption 3 holds,
one of the two countries will asymptotically use cutthroat incentives. The second part follows
immediately from the observation that the domestic political constraint prevents country j from
adopting cutthroat incentives, and thus eliminates one of these two equilibria. The welfare

conclusion follows directly from Proposition 4. =
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