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Abstract

This paper investigates the effects of financial market globalization on the insta-

bility of the world economy. The existing class of theoretical models has shown

that integration of markets causes countries with identical characteristics either to

converge or to magnify their initial inequality. We show that integration of financial

markets under certain conditions not only magnifies, but also creates inequality in

a self-organized manner: initial conditions are irrelevant for predicting the long-run

rankings of countries, which reverse periodically in the absence of heterogeneities

across countries or exogenous shocks.
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1 Introduction

How does globalization affect inequality of nations? The rise of China since it opened up to

international trade in the late 1970s is a strong testimony for the benefits of globalization.

Becoming part of the global trade system China has grown more than 30 times richer and

alleviated hundreds of millions of people out of poverty. The impressive development of

China has overshadowed the earlier concerns of globalization sceptics that globalization

will divide the world into the rich and the poor countries. The zeitgeist has changed.

Numerous books are now written how the rise of China is going to affect the world,

in particular, the old established world of the West. The rich Western world seems to

be increasingly nervous about the prospect of being marginalized in the not so distance

future. The present paper presents a new concept of endogenous ranking reversals to

think about the dynamics of countries in an interconnected world.

The narrative of globalization is that we are all interconnected. In an interconnected

world, the development in some part of the world will inevitably affect the rest of the

world. In what way one affects the other is, however, a matter of great complexity. There

are many forces in place. Economies of scale reinforce development in certain directions.

A bigger market place fosters specialization and division of labor. Global diversification

of risks enhances efficiency. The list continues and the benefits of globalization should

never be underestimated. Yet equally important is to be aware of the divergent forces of

globalization that may prevent nations and people from converging to similar standards

of living. A theoretical concept that captures the idea of the inherent divergent forces of

an interconnected world is symmetry-breaking. Matsuyama (2008) writes: “Symmetry-

breaking creates asymmetric outcomes in a symmetric environment. It is the key concept

for understanding self-organized pattern formations...” From the viewpoint of symmetry-

breaking, the rich may be rich in part due to the presence of the poor and the poor may

be poor in part due to the presence of the rich.

The idea of symmetry-breaking was first introduced by Krugman and Venables (1995) in

discussing the effects of globalization on industrial agglomeration. In their highly influen-

tial paper they develop a model in which there are no inherent differences among national
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economies, yet the world economy may organize itself into a core-periphery pattern. In

their model the interaction between transport costs and trade in intermediates creates

country-specific external economies, which may lead to agglomeration of industrial activ-

ity. They show that the economy that has a larger manufacturing sector than the other

initially will form the core while the other the periphery when transport costs between

economies fall below a critical value. In fact, Krugman and Venables wrote the paper

when concerns started to emerge that the rise of China comes at Western expense.

Besides studies that rely on the agglomeration economies as a cause of symmetry-breaking,

there are few studies that have addressed the effects of financial market globalization on

the inequality of nations in the presence of credit market imperfection (e.g. Gertler and

Rogoff 1990, Boyd and Smith 1997, Matsuyama 2004, Kikuchi and Stachurski 2009). The

diminishing returns technology makes the marginal productivity of investment higher in

poor countries, which creates an equalizing force. In these models financial market imper-

fections present a countervailing force, which makes the domestic investment dependent

on the domestic wealth. The balance between these two competing forces determines

whether financial globalization leads to symmetry-breaking.

The models of symmetry-breaking can be characterized by the loss of stability of the sym-

metric steady state, in which all countries have the same income level, and the emergence

of stable asymmetric steady states, in which the world economy is polarized into rich

and poor countries. The key feature of these models is that the world economy, for any

initial conditions, converges to the symmetric steady state when each country operates in

autarky. In the presence of international trade, however, initial conditions of countries de-

termine the long run outcomes. In fact, symmetry-breaking is a magnification mechanism:

Small initial differences may be amplified to create large observed heterogeneities.

Many of the participants in the debate over the New International Economic Order during

the 1970s asserted that global capitalism is a mechanism through which some countries

become rich at the expense of others. The intellectual origin can be traced back to struc-

turalism of Nurkse (1953), Myrdal (1957) and Lewis (1977). The symmetry-breaking

hypothesis offers some support to the structuralist view. Today, the rise of China has
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completely changed the landscape. If the rise of China results in convergence of living

standards between the West and the much more populous East, we should embrace glob-

alization at least from a global viewpoint. Given that China is still much poorer than

the West, is there anything to worry about from the global perspective? The existing

symmetry-breaking models do not predict that initial rankings of countries change.

From a theoretical perspective, there are models, in which heterogeneity in characteristics

of the economy such as preference or technology gives an advantage to initially poor

countries over initially rich countries in international trade (e.g. Breizis et al. 1993 Fisher

and Serra 1996, Goodfriend and McDermott 1998, Mountford 1998). In these models,

globalization can cause initially poor countries to overtake initially rich countries because

the characteristics of countries, which define the course of overtaking, do not change

as they develop. The implication of this type of models would be that we should be

worried about the consequences of globalization because China is and remains different

from the rest of the world. Treating the structure of the economy as given, however, these

models do not answer why countries are different in the first place. In contrast, models

of symmetry-breaking aim to explain the formation of the patterns or the structure as an

outcome of the internal mechanisms of the system in a self-organized manner.

The goal of the present paper is modest and limited. We do not intend to explain the

rise of China and the effects it has on the rest of the world. We take a very first step in

understanding how the inherent forces in the world economy can lead to ranking reversals.

To that end we introduce a new concept of symmetry-breaking, which unveils a mechanism

inherent in an integrated world that forces rankings of countries to reserve periodically

even when countries have identical characteristics. Our world economy model consists

of two countries that differ only in their initial levels of capital stock. Each country

is represented by the Diamond overlapping generations model, modified to incorporate

investment projects which are indivisible and entail uninsurable risk. Without either the

indivisibility or the uninsurable risk, the typical arbitrage condition in the international

financial market implies immediate convergence of incomes across countries. Symmetry-

breaking occurs in the world economy after credit markets are integrated. That is, the

symmetric steady state loses its stability and the world economy converges to a cycle
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when entrepreneurial projects are sufficiently risky. The risk of entrepreneurs is assumed

to be uninsurable so that they bear all the risk. Once financial markets are integrated,

investment adjusts so that agents are indifferent between investing in risky entrepreneurial

projects and in the international financial market for a safe return.1 When the economy

accumulates more capital and entrepreneurs put more of their own capital at risk, they

demand a higher return. The neoclassical technology with a decreasing marginal product

of capital then implies a drastic reduction in capital in the rich economy as more agents

invest in the international financial market. The resulting capital outflow thus reduces

domestic investment in the rich country to the extent that the poor country overtakes the

rich country in the next period.

The existing theoretical models have shown that integration of markets leads to either

convergence or magnification of initial differences across countries when countries have

identical characteristics; initial rankings of countries never change or relatively poor coun-

tries never overtake relatively rich countries. We show that integration of financial mar-

kets under certain conditions also creates inequality in the sense that initial conditions

are irrelevant for predicting rankings of countries in the long run. In fact, rankings of

countries in production and welfare reverse periodically as a result of interactions in the

integrated financial market even in the absence of heterogeneities across countries or ex-

ogenous shocks. This means that we endogenize the emergence of inequality that is given

initially in all models of symmetry-breaking so far. In other words, poor countries pe-

riodically overtake rich countries as an outcome of the internal mechanism of the world

economy.

The structure of the paper is as follows. Section 2 formulates the model and derives

equilibrium conditions. Section 3 studies the dynamics and Section 4 explains the mech-

anism of endogenous ranking reversals. Section 5 discusses the implications of the model.

Section 6 concludes. Remaining proofs and additional technical analysis can be found in

Section 7.

1If agents were risk neutral, financial market integration would imply immediate convergence of income

per capita across countries.
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2 Set Up

We first formulate the Diamond overlapping generations model with two period life time

modified to incorporate entrepreneurial projects that are indivisible and entail uninsurable

risk. Every agent i ∈ [0, 1] lives for two consecutive periods, supplying one unit of labor

in the first period and consuming only in the second period. Successive generations have

unit mass. At time t, production combines the current stock of capital kt supplied by

the old with the unit quantity of labor supplied by the young.2 The resulting per-capita

output is given by a Cobb-Douglas production function f(kt) := kα
t where α ∈ (0, 1)

is the capital share in production. Factor markets are competitive paying workers the

wage wt = w(kt) := (1 − α)kα
t and capital owners the return on capital f ′(kt) := αkα−1

t .

After production and the distribution of factor payments, the old consume and exit the

economy while the young take the wage and make investment decisions.

2.1 Investment Behavior

The young in period t can become either an investor or an entrepreneur. Investors simply

invest their wage in the credit market for a return rt+1. Entrepreneurs require one unit

of the consumption good to run a risky project. The project returns z unit of the capital

good with probability p ∈ (0, 1) and 0 with probability 1−p in period t+1. The maximum

capital formation in the economy is R := zp when all agents become entrepreneurs. Hence,

kt+1 ≤ R, (1)

which we refer to as the capacity constraint. We make the following restriction on the

value of R.

Assumption 2.1. R ∈ (0, R+) where R+ is the solution to w(R) = 1.

The assumption ensures that we have wt ∈ (0, 1) for all t, and entrepreneurs must borrow

1− wt to start their investment project. We assume that the investment risk is uninsur-

2‘Capital’ may be either human or physical. It depreciates fully between periods, so capital stock is

equal to investment.
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able and entrepreneurs meet their obligation when they succeed and declare bankruptcy

when they fail. This assumption may be justified on the ground that entrepreneurial

investment such as venture capital investment is typically associated with high risk that

is uninsurable.3 Perfect competition in the credit market implies that entrepreneurs must

repay rt+1(1−wt)/p in period t+1. Hence, consumption of entrepreneurs in period t+1

is

ct+1 =




zf ′(kt+1)−

rt+1

p
(1− wt) with p

0 with 1− p.

Let the preference of agents be given by a constant relative risk aversion utility function

u(c) := cγ−1
γ

where γ ∈ (0, 1]. Since consumption of investors in period t + 1 is wtrt+1,

the young will be willing to become an entrepreneur when Eu(ct+1) ≥ u(wtrt+1), which

can be written as

p

(
zf ′(kt+1)−

rt+1

p
(1− wt)

)γ

≥ (wtrt+1)
γ. (2)

2.2 Equilibrium

Let us now consider determination of the interest rate and next period wage, given the

current wage wt. In the absence of the international financial market each economy

operates in autarky and the interest rate adjusts so that domestic savings is equal to

domestic investment. Hence, kt+1 = Rwt and the wage evolves according to

wt+1 = w(Rwt) = w(R)wα
t , (3)

independent of how risky the entrepreneurial projects are. Notice that the capacity con-

straint (1) never binds when the economy operates in autarky because wt+1 ∈ (0, 1) for

any wt ∈ (0, 1]. The steady state wage is given by w∗(R) := (w(R))
1

1−α ∈ (0, 1).

In the presence of the international financial market, the world interest rate is determined

by international supply and demand for credit. Suppose first that the interest rate is

3We could model the case where investment risks are partially insured. This complicates notations

and does not change our main results.
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fixed at r. In both countries, equilibrium implies that the mass of entrepreneurs and

hence capital stock increases until either (1) or (2) binds. From this reasoning we obtain

kt+1 = min

{(
αR

r(1 + λwt)

) 1

1−α

, R

}
(4)

where λ := p−
1−γ

γ − 1. The parameter λ ∈ (0,∞) can be interpreted as a measure

of the certainty equivalent of the risky project because Eu(ct+1) = u
(

Ect+1

1+λ

)
. The en-

trepreneurial project becomes less attractive as λ increases. For example, if λ = {1, 3, 6},

then the certainty equivalent is {50%, 25%, 15%} of the expected consumption of en-

trepreneurs. This implies that the young choose to become entrepreneurs only when the

expected consumption exceeds (1 + λ) times that of investors. Only when entrepreneurs

are risk neutral, i.e., γ = 1, or the project is not risky, i.e., p = 1, then λ = 0 and thus the

certainty equivalent of the random next period consumption is the expected consumption

of entrepreneurs. Otherwise, the certainty equivalent will be less than the expected con-

sumption of entrepreneurs due to risk aversion. For the rest of the paper we refer to λ as

measuring the riskiness of entrepreneurial projects that originates either from the degree

of risk aversion or from the actual success probability of the projects.

Let xt and yt denote the wages in the two countries. The joint evolution of the wages is

given by

xt+1 = min {Ψ(xt, r(xt, yt)), w(R)}

yt+1 = min {Ψ(yt, r(xt, yt)), w(R)}
(5)

where Ψ(x, r(x, y)) := (1 − α)
(

αR
r(x,y)(1+λx)

) α

1−α

and r(xt, yt) is the equilibrium interest

rate. Specifically, r(xt, yt) is the r that solves

min

{(
αR

r(1 + λxt)

) 1

1−α

, R

}
+min

{(
αR

r(1 + λyt)

) 1

1−α

, R

}
= R(xt + yt). (6)

Note that the wage in one country affects the next period wage in the other country only

through the interest rate. Under Assumption 2.1, the total resource available in the world

economy is never enough for everyone in the world to become an entrepreneur. Hence,

for any (xt, yt) the capacity constraint can only bind in one country and not in both. We

show in Appendix 7.1 that the state space (xt, yt) ∈ (0, 1] × (0, 1] can be divided into

8



three regions: M where the capacity constraint does not bind in any country, N1 where

it binds in Country x, and N2 where it binds in Country y. Specifically, the function

G : (0, 1]2 → R given by

G(x, y) :=





1−(x+y−1)1−α

y(x+y−1)1−α−x
if y(x+ y − 1)1−α > x

∞ if y(x+ y − 1)1−α ≤ x.

defines three disjoint subsets of the state space (0, 1]2:

M := {(xt, yt)|G(xt, yt) > λ and G(yt, xt) > λ}

N1 := {(xt, yt)|G(xt, yt) ≤ λ and G(yt, xt) > λ}

N2 := {(xt, yt)|G(xt, yt) > λ and G(yt, xt) ≤ λ}

The sets are disjoint and M∪N1 ∪N2 = (0, 1]2.

3 Dynamics

In this section we investigate the dynamics of the autarkic and integrated world economies,

as determined by (3) and (5) respectively.

3.1 Autarky

Consider first the joint dynamics of the pair (xt, yt)t≥0 when financial markets are not

integrated, and each economy operates in autarky. In this case xt and yt both individ-

ually follow the law of motion (4). The state space is taken to be (0, 1] × (0, 1]. Under

Assumption 2.1 we have the following elementary result.

Proposition 3.1. If the two countries operate in autarky, then for any value of R ∈

(0, R+), any λ ∈ (0,∞), and any initial condition (x0, y0) ∈ (0, 1] × (0, 1], the bivariate

process (xt, yt)t≥0 converges to the unique and symmetric steady state (w∗(R), w∗(R)).
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3.2 Integrated Financial Markets

Consider now the dynamics when financial markets are integrated. In this case xt and yt

follow the law of motion (5).

Proposition 3.2. Let R ∈ (0, R+) and λ ∈ (0,∞). When financial markets are inte-

grated, there exists a unique steady state (w∗(R), w∗(R)). Moreover, the symmetric steady

state is globally stable if and only if either α ≤ 1/2 or α > 1/2 and λ < Λ1(R) :=

1−α
2α−1

1
w∗(R)

.

Combining Propositions 3.1 and 3.2, we see that the financially integrated two-country

model possesses a unique steady state, which is symmetric and coincides with the steady

state when the two economies coexist in autarky. In the autarkic case, this steady state

is always stable. In the financially integrated case, the same steady state (w∗(R), w∗(R))

may be stable or unstable depending on parameters. We observe that when α ≤ 1/2 the

symmetric steady state is stable regardless of the investment technology and risk. (This

condition is specific to the chosen utility function. In Appendix 7.2 we show that that

the symmetric steady state can be unstable even for α ≤ 1/2.) When α > 1/2 it follows

from the property of w∗(R) that Λ1 is strictly decreasing and satisfies limR↓0 Λ1(R) = ∞

and limR↑R+ Λ1(R) = 1−α
2α−1

. Hence, for a given R ∈ (0, R+) the symmetric steady state

becomes unstable if λ is sufficiently high, i.e., if the entrepreneurial project is sufficiently

risky.

3.3 Endogenous Ranking Reversals

We now investigate the dynamics of the world economy when the symmetric steady state is

unstable. Proposition 3.2 shows that there exists no steady state other than the symmetric

one. This leaves the possibility of the world economy either diverging or converging to a

periodic (or chaotic) cycle when the symmetric steady state is unstable. The following

theorem provides the main insight of the paper.

Theorem 3.1. When the unique and symmetric steady state loses its stability and en-

dogenous cycles emerge, two inherently identical economies can not move into the same
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direction (unless their initial conditions are also identical). In other words, the instabil-

ity of the symmetric steady state inevitably leads to symmetry-breaking in the sense that

the two economies move into opposite directions switching their relative income positions

periodically.

Proof. When the capital stock (or the wage) is identical in the two countries in any period,

the world economy converges to the symmetric steady state. Therefore, emergence of

endogenous cycles around the symmetric steady state implies periodic ranking reversals.

Note that the notion of symmetry-breaking here is different from earlier works including

Gertler and Rogoff (1990), Krugman and Venables (1995), Boyd and Smith (1997), Mat-

suyama (2004) and Kikuchi and Stachurski (2009). In their models, symmetry-breaking

refers to the loss of stability of the symmetric steady state and the emergence of stable

asymmetric steady states. In other words, symmetry-breaking is a magnification mecha-

nism: small initial differences may be amplified to create large observed heterogeneities.

Nevertheless, the initial rankings of countries never change and thus relatively poor coun-

tries never overtake relatively rich countries. In our model, the initial conditions are

irrelevant for predicting rankings of countries in the long run. In fact, rankings of coun-

tries reverse periodically so that inequality of nations is created endogenously as a result

of financial market globalization. This is conceptually new as it suggests that financial

market globalization may not only magnify inequality of nations but may also create it.

We now consider more closely the specific feature of symmetry-breaking in our model.

Proposition 3.3. Let R ∈ (0, R+) and let λ ∈ (0,∞). The symmetric steady state

(w∗(R), w∗(R)) loses its stability through a flip bifurcation at λ = Λ1(R) and a stable

2-cycle

C2 = {(wL(R, λ), wH(R, λ)), (wH(R, λ), wL(R, λ))}

emerges for λ > Λ1(R) where the pair (wL(R, λ), wH(R, λ)) solves

y = Ψ(x, r(x, y)) and x = Ψ(y, r(x, y)) (7)

and wL(R, λ) < w∗(R) < wH(R, λ).
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The proposition shows existence of a 2-cycle, in which the participation constraint binds

in both countries all the time. Is there any other cycle of order 2? We know that the

capacity constraint can not bind in both countries at the same time. Suppose that there

exists a 2-cycle in which the capacity constraint binds only in one country in any period

t. Then, xt+1 = w(R) and yt+1 = w(R)(xt + yt − 1)α and xt+2 = w(R)(xt+1 + yt+1 − 1)α

and yt+2 = w(R). Thus, (x, w(R)) is a fixed point of order 2 if x solves

R + w−1(x)

Rw(R)
= 1 + (x+ w(R)− 1)α. (8)

One can easily verify the existence of a unique Rc (which depends on the value of α)

such that (8) admits no solution if R < Rc and admits two solutions if R > Rc. Let

ŵL(R) and ŵH(R) denote the two solutions. We obtain that (a) ŵL is strictly decreasing

and ŵH is strictly increasing, (b) ŵL(R
c) = ŵH(R

c), and (c) limR↑R+ ŵL(R) = 0 and

limR↑R+ ŵH(R) = 1. Let us define two functions Λ2 : (R
c, R+) → R and Λ3 : (R

c, R+) → R

where

Λ2(R) := G(ŵH(R), w(R)) and Λ3(R) := G(ŵL(R), w(R)). (9)

The next proposition shows existence of a cycle, in which the participation constraint

binds in one country in every other period.

Proposition 3.4. Let R ∈ (0, R+) and let λ ∈ (0,∞). There exists a unique stable

2-cycle

Ĉ2 = {(ŵH(R), w(R)), (w(R), ŵH(R))} if and only if λ ∈ (Λ2(R),Λ3(R)).

Moreover, the stable 2-cycle Ĉ2 coexists with the stable 2-cycle C2 if and only if R > Rc

and λ > Λ3(R).

When a cycle is unique and locally stable it is globally stable because the dynamics is

contained in a forward invariant set (0, 1] × (0, 1]. To investigate the stability of the

2-cycles we note that both C2 and Ĉ2 are second order fixed points (fixed points of the

second iterate) of the system (5). Hence, local stability can be analyzed by calculating

the eigenvalues of the second order fixed points. Both eigenvalues of the second order

fixed points C2 are positive and real. This implies that the second order fixed points C2
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are locally either a sink, a source or a saddle. Since (0, 1]× (0, 1] is a forward invariant

set and C2 emerges only after (w∗(R), w∗(R)) loses its stability (becomes a saddle) the

second order fixed points C2 can only be a sink. When the second order fixed points

(ŵL(R), w(R)) and (ŵH(R), w(R)) emerge, one eigenvalue is always zero. The other

eigenvalue is greater than 1 for (ŵL(R), w(R)) and lies in (0, 1) for (ŵH(R), w(R)). Hence,

the 2-cycle Ĉ2 = {(ŵH(R), w(R)), (w(R), ŵH(R))} is stable whenever it exists.

Propositions 3.3 and 3.4 are illustrated in Figure 1. There are four possible cases: (1)

when (R, λ) ∈ Ω0 the symmetric steady state is globally stable; (2) when (R, λ) ∈ Ω1

the 2-cycle C2 is globally stable; (3) when (R, λ) ∈ Ω2 the two stable 2-cycles C2 and Ĉ2

co-exist; (4) when (R, λ) ∈ Ω3 the 2-cycle Ĉ2 is globally stable.

2.0 2.5 3.0 3.5 4.0 4.5 5.0

1

2

3

4
λ

R

Ω0

λ
=
Λ
1 (R
)

Ω1

R
=

R
c

Ω2

λ
=
Λ
3
(R

)

λ = Λ
2(R)

Ω3

Figure 1: Parameter configuration

Figure 2(a) displays the limiting behavior of the state variable wt when λ = 4 and R ∈

(0, R+). The solid curves depict the stable fixed points and the dashed ones the unstable

ones. The unique and symmetric steady state loses its stability through a flip bifurcation

and a globally stable 2-cycle C2 emerges at λ = Λ1(R). The additional stable 2-cycle Ĉ2

emerges at R = Rc, which eventually collides with C2 and remains as the stable cycle as

we increase R. The bifurcation scenario can also be recovered by traversing the parameter

space (R, λ) in Figure 1 at λ = 4.

Figure 2(b) displays the limiting behavior of the state variable wt when R = 4.50 and

λ ∈ (0, 4). The symmetric steady state loses its stability through a flip bifurcation and

a globally stable 2-cycle C2 emerges at λ = Λ1(R). The 2-cycle C2 collides with Ĉ2,
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Figure 2: Bifurcation diagrams: α = 2/3

which then becomes a unique stable 2-cycle. Eventually C2 and Ĉ2 collide again and both

cycles become stable as we increase λ. The bifurcation scenario can also be recovered by

traversing the parameter space (R, λ) in Figure 1 at R = 4.50.

Figure 3 displays basins of attraction when C2 and Ĉ2 co-exist. When the world econ-

omy is on the diagonal (saddle path) initially, it converges to the symmetric steady

state (w∗(R), w∗(R)). The basin of attraction for each cycle, the set of initial condi-

tions for which the world economy converges to each cycle, contains each cycle C2 =

{(wL(R, λ), wH(R, λ)), (wH(R, λ), wL(R, λ))} or Ĉ2 = {(ŵH(R), w(R)), (w(R), ŵH(R))}.

0.0 0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0

x

y

(wL, wH)
(ŵH , w(R))

(w∗(R), w∗(R))

(w(R), ŵH)

(wH , wL)

Figure 3: Basins of attraction: (R, λ) = (4.50, 4.00) ∈ Ω2

We observe that the world economy cycles around the symmetric steady state. Hence, the

14



output in the expanding economy is greater than the output in autarky or the symmetric

steady state and the output in the contracting economy is smaller than the output in

autarky or the symmetric steady state. Furthermore, the world output in these cycles

is strictly lower than in the symmetric steady state. The inefficiency is caused by the

structure of the overlapping generations model, in which each generation does not take

the welfare of the next generations into account when making investment decisions.

4 The Mechanism

This section looks closer at the two countries when they reverse their rankings periodically

in the 2-cycles we analyzed in the previous section. Regarding the world interest rate we

make the following observation.

Proposition 4.1. Suppose that the world economy is in any 2-cycle. Then, the world

interest rate is constant over time.

We know that xt and yt do not take the same value in any cycle. If the world economy is

in a 2-cycle, the value of xt alternates with the value of yt every period. Hence, the proof

simply follows from (6), in which xt and yt enter symmetrically. For a constant world

interest rate, the laws of motion for two countries in (5) become identical and independent

of each other. Figure 4 shows the identical law of motion when the world economy follows

the two types of cycles: C2 and Ĉ2. In the panel (a) the capacity constraint does not bind

in any country. The mass of agents who provide the wage as credit in the international

financial market is greater in the rich country than in the poor country because of the

lower marginal product of capital in the rich country. This results in capital flow in form

of credit from the rich to the poor country to the extent that the rich today becomes

the poor tomorrow. The cause of this excessive capital outflow from the rich country

is the risk associated with entrepreneurial activities. The risk averse agents in the rich

country demand a return higher than the one which equalizes the capital stock in both

countries when the entrepreneurial projects are sufficiently risky. This is only possible

when there is a drastic reduction in the capital stock and the mass of agents who become

15



0.0 0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0

xt

xt+1

(a) C2 = {(0.074, 0.843), (0.843, 0.074)}

0.0 0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0

xt

xt+1
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Figure 4: 2-cycles: (α,R, λ) = (2/3, 4.50, 4.00)

entrepreneurs. In the panel (b) when the capacity constraint binds in the rich country

entrepreneurs are strictly better off than investors and thus all agents in the rich country

become entrepreneurs.

Figure 5 shows time series of the two types of the 2-cycle. The interest rate is constant

and the wages xt and yt switch between two values. When the capacity constraint does

not bind in any country as in the panel (a), agents are indifferent between becoming

entrepreneurs and investors in each country. Therefore, the consumption of investors,

which is rtwt−1 in any period t, can be taken as a measure of utility of the economy. Since

both countries face the same interest rate, the ranking of the utility is the same as the

ranking of the wage. In the panel (b) the capacity constrain binds in the rich country and

thus entrepreneurs are better off than investors. Hence, the gap in welfare between the

rich and the poor countries is underestimated when we compare the wages in the figure.

Note also that the GDP per capita f(kt) is more volatile than the GNP per capita f(kt)+

rt(wt−1 − kt/R) because of the net transfer of interest payments rt(Rwt−1 − kt) from the

rich to the poor country.

16



990 992 994 996 998 1000

0.2

0.4

0.6

0.8

1.0
xt, yt, w

∗(R)

t

(a) C2 = {(0.074, 0.843), (0.843, 0.074)}

990 992 994 996 998 1000

0.2

0.4

0.6

0.8

1.0
xt, yt, w

∗(R)

t
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Figure 5: 2-cycles: (α,R, λ) = (2/3, 4.50, 4.00).

5 Discussion

This section briefly reviews the model’s predictions. The aim of the model is to identify

and highlight a force that is inherent in the global financial market and causes countries

to reverse their rankings of real GDP per capita. Figure 6 compares financial openness

against volatility of real GDP ranking using the data from the Chinn-Ito index and the

International Macroeconomic Data Set.4 The points in the figure correspond to 176
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Figure 6: Financial openness and volatility of the real GDP per capita ranking

countries for which both data are available for the period 1970-2010. The horizontal axis

4The date set contains information on real GDP per capita for 190 Countries (in 2005 dollars) during

the period 1969-2012.
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shows financial openness calculated as time series average of the Chinn-Ito index, which

measures country’s degree of capital account openness.5 The vertical axis represents

volatility of the real GDP per capita ranking, which is calculated as the ratio of the

standard deviation of the ranking over the average ranking. The data show the anticipated

positive correlation between financial openness and volatility of the real GDP per capita

ranking.6 The positive correlation suggests that countries are more likely to reverse their

rankings if their financial markets are more open.

The main hypothesis of this paper is that rankings of countries can reverse periodically

even when they have identical characteristics and their initial conditions are arbitrarily

close. Figure 7 shows time series of the ranking for France and the United Kingdom for

the last 40 years. We can observe that the rankings of France and the United Kingdom

1970 1980 1990 2000 2010

5

10

15

20

25

30

Year

Real GDP per capita ranking

France

United Kingdom

Figure 7: Ranking reversals of the GDP per capita

reversed four times in 40 years although not in equal intervals. Obviously the ranking

reversals between France and the United Kingdom might have been caused by sources

exogenous to our model. Our model, however, suggests the possibility that these might not

5The Chinn-Ito index introduced initially in Chinn and Ito (2006) is based on the binary dummy

variables that codify the tabulation of restrictions on cross-border financial transactions reported in the

IMF’s Annual Report on Exchange Arrangements and Exchange Restrictions. The index is available

during the time period 1970-2010 for 182 countries.
6Volatility of the real GDP per capita ranking = 0.11 + 0.04 * Openness Index. The number of

observations is 176 and R2 = 0.15. The t-values of the intercept and slope of the fitted line are 14.77 and

5.50.
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be caused by exogenous shocks or heterogeneities between the two countries. Instead, the

ranking reversals might be self-organized patterns formed by interaction in the integrated

financial market.

6 Concluding Remarks

The literature on symmetry breaking has so far shown that differences in initial conditions

may be amplified in the long run as a result of market integration internationally. The

present paper is the first to show that integration of financial markets leads to endoge-

nous ranking reversals even in the absence of heterogeneities across countries or exogenous

shocks. We do not argue that exogenous sources of variation across countries are unim-

portant. In fact, any attempt to account for empirical regularities would have to rely

on heterogeneities in characteristics of countries. To investigate how heterogeneities in

characteristics of countries affect the internal mechanism such as the one in the present

paper is a promising research avenue. In our base line model, parameters such as financial

openness, riskiness of investment projects, total factor productivity were assumed to be

identical across countries. Therefore, the contribution of the paper is deeply conceptual.

The present paper uncovers a new dynamics of ranking reversals that arises in a symmet-

ric world economy. The new insight is that periodic ranking reversals occur inevitably if

the symmetric steady state loses its stability and endogenous (periodic or chaotic) cycles

emerges around the symmetric steady state.7

In the present paper the symmetric steady state is the only steady state of the world

economy. Hence, the instability of the steady state implies that initial conditions of the

two countries can be arbitrary close for the world economy to self-organize itself to cause

global imbalances and periodic ranking reversals of GDP per capita. In other words, no

exogenous heterogeneity is present in our model to explain the big movements in macroe-

conomic variables such as the current account balance, investment and GDP per capita.

This raises two methodological questions in empirical as well as policy analysis. First, the

7In Kikuchi Stachurski (2009), endogenous cycles emerge when asymmetric steady states lose stability.

Fluctuations around the asymmetric steady states imply that ranking reversals do not occur.
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contracting investment and the fall in GDP per capita ranking is not necessarily a country

specific problem. It has to be examined as a part of the interrelated world economy. Sec-

ond, the global imbalances and the ranking reversals of GDP are not necessarily caused

by a change in exogenous variation or the environment such as preference, technology and

population. Hence, trying to explain a big movement of endogenous variables by a big

change in the environment may turn out to be futile.

7 Appendix

7.1 State Space Partition

Suppose that the capacity constraint is not binding in both countries, i.e., r(1 + λxt) >

αRα and r(1+λyt) > αRα. Then, we can solve (6) for r and show that the two inequalities

hold if xt + yt ≤ 1. We can also show that the first inequality holds if xt ≥ yt and the

second inequality holds if yt ≥ xt. Without loss of generality suppose that yt > xt and

xt + yt > 1. Then, we can show that the first inequality holds if and only if λ < G(x, y).

Lemma 7.1. λ > 1−α
α

is a necessary and sufficient condition for M ⊂ (0, 1]2.

Proof of Lemma 7.1. We obtain G(x, y) = λ ⇔ ∆(x, y, λ) = 1 where ∆(x, y, λ) :=

(x+ y − 1)
(
1+λy

1+λx

) 1

1−α . One can easily observe that ∆(1, 1, λ) = 1 for any λ ≥ 0. Since

∆2(x, y, λ) > 0, a necessary and sufficient condition for N1 and N2 to be non empty is

∆1(1, 1, λ) = − 1
1−α

λ
1+λ

+ 1 < 0 ⇔ λ > 1−α
α

.

Figure 8 shows subsets M, N1 and N2 when α = 2/3 and λ = 4.00. Lemma 7.1 shows

λ > 1−α
α

is a necessary and sufficient condition for M to be a proper subset of (0, 1]2. If

λ ≤ 1−α
α

then M ≡ (0, 1]2.

If (xt, yt) ∈ M, the two-country law of motion is given by

xt+1

yt+1


 =


Ψ(xt, r(xt, yt))

Ψ(yt, r(xt, yt))


 and r(xt, yt) =

αRα

(xt+yt)1−α [(
1

1+λxt
)

1

1−α + ( 1
1+λyt

)
1

1−α ]1−α.

(10)
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Figure 8: State Space: α = 2/3 and λ = 4.00.

It follows from (4) that the mass of entrepreneurs in countries x and y is respectively

given by

1
R

(
R

r(xt,yt)
α

1+λxt

) 1

1−α

= (xt + yt)
(1+λyt)

1
1−α

(1+λxt)
1

1−α+(1+λyt)
1

1−α

1
R

(
R

r(xt,yt)
α

1+λyt

) 1

1−α

= (xt + yt)
(1+λxt)

1
1−α

(1+λxt)
1

1−α+(1+λyt)
1

1−α

.

Hence, the mass of entrepreneurs in the world is xt+yt which is also the aggregate savings

in the world economy. One can easily verify that if G(xt, yt) > λ then Ψ(xt, r(xt, yt)) <

w(R) and if G(yt, xt) > λ then Ψ(yt, r(xt, yt)) < w(R). What happens when either

G(xt, yt) ≤ λ or G(yt, xt) ≤ λ?

If (xt, yt) ∈ N1 (i.e., G(xt, yt) ≤ λ) then the two-country law of motion is given by


xt+1

yt+1


 = w(R)


 1

(xt + yt − 1)α


 where r(xt, yt) =

αRα

(xt+yt−1)1−α

1
1+λyt

.

It follows from (4) that everyone in country x is an entrepreneur because 1
R
( R
r(xt,yt)

α
1+λxt

)
1

1−α

= ( 1+λyt
1+λxt

)
1

1−α (xt+yt−1) ≥ ( 1+G(xt,yt)yt
1+G(xt,yt)xt

)
1

1−α (xt+yt−1) = 1, while the mass of entrepreneurs

in country y is 1
R

(
R

r(xt,yt)
α

1+λyt

) 1

1−α

= xt + yt − 1 ∈ (0, 1).

Due to the symmetric structure of the model the two-country law of motion as well as

the mass of entrepreneurs when (xt, yt) ∈ N2 (i.e., G(yt, xt) ≤ λ) can be obtained by

switching xt and yt in the case when (xt, yt) ∈ N1 (i.e., G(xt, yt) ≤ λ).
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7.2 Utility Function and Instability for α < 1/2

Suppose

u(c) =





(1+c)γ−1
γ

if γ ∈ (−∞, 0) ∪ (0, 1]

ln(1 + c) if γ = 0.

(11)

Then the participation constraint (2) becomes Rf ′(kt+1) ≥ Π (rt+1, wt) where

Π(r, w) :=





r(1− w) + p{[ (1+rw)γ−(1−p)
p

]
1

γ − 1} if γ ∈ (−∞, 0) ∪ (0, 1]

r(1− w) + p{(1 + rw)
1

p − 1} if γ = 0.

(12)

This implies that Ψ(xt, r(x,t yt)) := (1− α)( Rα
Π(r(xt,yt),xt)

)
α

1−α where rt+1 = r(xt, yt) solves

(
Rα

Π(rt+1, xt)

) 1

1−α

+

(
Rα

Π(rt+1, yt)

) 1

1−α

= R(xt + yt). (13)

Let r∗ = r(w∗, w∗). Since Π(r∗, w∗) = Rα(1−α
w∗

)
1−α

α = Rα[(1 − α)−
α

1−αR− α

1−α ]
1−α

α = α
1−α

it follows that r∗ solves Π(r, w∗) = α
1−α

. Evaluating derivatives at the symmetric steady

state we obtain

Ψx(x, r(x, y)) = − α
1−α

(
r∗Π1(r∗,w∗)
Π(r∗,w∗)

w∗r1(w∗,w∗)
r(w∗,w∗)

+ w∗Π2(r∗,w∗)
Π(r∗,w∗)

)

Ψy(x, r(x, y)) = − α
1−α

r∗Π1(r∗,w∗)
Π(r∗,w∗)

w∗r2(w∗,w∗)
r(w∗,w∗)

.
(14)

From (13)

2Π1(r
∗, w∗)r1(w

∗, w∗) + Π2(r
∗, w∗) = −1−α

α

(
Π(r∗,w∗)

Rα

) α

1−α

Π2(r∗, w∗)

2Π1(r
∗, w∗)r2(w

∗, w∗) + Π2(r
∗, w∗) = −1−α

α

(
Π(r∗,w∗)

Rα

) α

1−α

Π2(r∗, w∗)

(15)

It follows from (15) that r1(w
∗, w∗) = r2(w

∗, w∗) and 2Π1(r
∗, w∗)r1(w

∗, w∗)+Π2(r
∗, w∗) =

2Π1(r
∗, w∗)r2(w

∗, w∗) + Π2(r
∗, w∗) = − α

w∗
. It follows from (12) that

Π2(r, w) :=





−r + r
[
(1+rw)γ−(1−p)

p

] 1−γ

γ

(1 + rw)γ−1 if γ ∈ (−∞, 0) ∪ (0, 1]

−r + r(1 + rw)
1−p

p if γ = 0.

This with (14) implies that

Ψx(x, r(x, y)) + Ψy(x, r(x, y)) = − (2Π1(r
∗, w∗)r1(w

∗, w∗) + Π2(r
∗, w∗))w∗ = α

Ψx(x, r(x, y))−Ψy(x, r(x, y)) = −Π2(r
∗, w∗)w∗.
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Hence, the symmetric steady state (w∗, w∗) is unstable if and only if Π2(r
∗, w∗)w∗ ≥ 1.

Figure 9 displays the parameter region for which the symmetric steady state is unstable.

Specifically, the figure shows that the symmetric steady state can be unstable even when

α < 1/2.
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Figure 9: Stability of the symmetric steady state (w∗, w∗): α = 0.33 and R = 3.00.

If the utility function is u(c) = cγ−1
γ

, then Π(r, w) = r+(p−
1−γ

γ − 1)rw ≡ r(1+λw). This

implies that r∗ = α
1−α

1
1+λw∗

and Π2(r
∗, w∗)w∗ = λr∗w∗ = α

1−α
λw∗

1+λw∗
. For Π2(r

∗, w∗)w∗ to

exceed 1, α must be higher than 1/2. This is no longer the case when u is given by (11)

because w 7→ Π2(r, w) is a strictly increasing function.

7.3 Remaining Proofs

Proof of Proposition 3.2. Uniqueness of steady state

Let us first show that there is no steady state in region N1 by contradiction. Suppose

(x∗, y∗) ∈ N1 is a steady state. Then x∗ = w(R) and y∗ solves

w−1(y) = R(y − 1 + w(R)). (16)

We have two possibilities: either y∗ exists and y∗ ≤ w(R) or y∗ does not exist. If y∗ = w(R)

solves (16), then w(R) = 1, which contradicts Assumption 2.1. Suppose y∗ < w(R). This

implies a contradiction because w(R) = x∗ < y∗ < w(R) when (x∗, y∗) ∈ N1. Hence, y∗

does not exists.
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Analogously we can show that there is no steady state in region N2. Now let us show

that there exists a unique steady state in region M. It follows from (10) that the steady

state (x∗, y∗) satisfies the system of equations

x
1−α

α (1 + λx) = y
1−α

α (1 + λy) and w−1(x) + w−1(y) = R(x+ y). (17)

Monotonicity of the left and right sides of the first equation implies that x∗ = y∗. The

second equation implies that x∗ = w(Rx∗). This implies that (x∗, y∗) = (w∗(R), w∗(R))

is a unique steady state of the world economy.

Local stability

Let us first evaluate the Jacobian matrix at the unique symmetric steady state (w∗, w∗) =

(w∗(R), w∗(R)). It follows from (10) that

Ψx(x, r(x, y)) = − α
1−α

w∗r1(w∗,w∗)
r(w∗,w∗)

− α
1−α

λw∗

1+λw∗

Ψy(x, r(x, y)) = − α
1−α

w∗r2(w∗,w∗)
r(w∗,w∗)

(18)

and 2w∗r1(w∗,w∗)
r(w∗,w∗)

= 2w∗r2(w∗,w∗)
r(w∗,w∗)

= −(1−α)− λw∗

1+λw∗
. This with (18) implies that eigenvalues

of the Jacobian matrix are

Ψx(x, r(x, y))−Ψy(x, r(x, y)) = −
α

1 − α

λw∗

1 + λw∗
(19)

Ψx(x, r(x, y)) + Ψy(x, r(x, y)) = α. (20)

Since α ∈ (0, 1), the local stability depends on (19) and thus the steady state is locally

stable if and only if either α ≤ 1/2 or α > 1/2 and λw∗ < 1−α
2α−1

.

Proof of Proposition 3.3. (a) First, we show that that if λ > Λ1(R) then there is a unique

pair (x, y), x ∈ (0, w∗(R)) and y ∈ (w∗(R),∞), which solves (7). If the pair (x, y) solves

(7), then (x, y) also solves

x
1−α

α (1 + λy) = y
1−α

α (1 + λx) and x
1

α + y
1

α = [w(R)]
1

α (x+ y). (21)

Without loss of generality we can assume that x < y. For α > 0.5, let x̂ := 1
λ

1−α
2α−1

.

We define a function π1 : (0, x̂) → (x̂,∞) implicitly as a solution to x
1−α

α (1 + λπ1(x)) =
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[π1(x)]
1−α

α (1 + λx). One can easily verify that π1 is a strictly decreasing and convex

function and limx↓0 π1(x) = ∞ and limx↑x̂ π1 (x) = x̂.

Let us define a function π2 : (0, w
∗(R)) → (w∗(R),∞) implicitly as a solution to

[π2(x)]
1

α + x
1

α = [w(R)]
1

α (π2(x) + x). (22)

One can easily verify that π2 is a concave function and limx↓w∗(R) π2(x) = limx↑w∗(R) π2 (x) =

w∗(R). Since λ > Λ1(R) ⇔ x̂ < w∗(R), it follows that limx↓0 (π1(x)− π2(x)) = ∞ and

limx↑w∗(R) (π1(x)− π2(x)) < x̂−w∗(R) < 0. This with the convexity of x 7→ π1(x)−π2(x)

implies the existence and uniqueness of (x, y) = (wL(R,L), wH(R,L)) which solves (7).

(b) Second, we show that (x, y) = (wL(R,L), wH(R,L)) is a locally stable fixed point of

the second iterate of time one map. Let xt+1 = Φ(xt, yt) = Ψ(xt, r(xt, yt)). If (xt, yt) ∈ M

then r(xt, yt) = r(yt, xt). This implies that yt+1 = Ψ(yt, r(xt, yt)) = Ψ(yt, r(yt, xt)) =

Φ(yt, xt) and the second order dynamics is given by

xt+2 = Φ(xt+1, yt+1) = Φ(Φ(xt, yt),Φ(yt, xt))

yt+2 = Φ(yt+1, xt+1) = Φ(Φ(yt, xt),Φ(xt, yt))

where

Φ(x, y) = (1− α)Rα(x+ y)α

(
(1 + λy)

1

1−α

(1 + λx)
1

1−α + (1 + λy)
1

1−α

)α

.

The Jacobian matrix evaluated at the second order fixed points are

J(x, y) =


Φ1(y, x) Φ2(y, x)

Φ2(x, y) Φ1(x, y)




Φ1(x, y) Φ2(x, y)

Φ2(y, x) Φ1(y, x)


 .

This implies that the trace and the determinant of the Jacobian matrix are

T (x, y) = 2Φ1(x, y)Φ1(y, x) + [Φ2(x, y)]
2 + [Φ2(y, x)]

2

D(x, y) = (Φ1(x, y)Φ1(y, x)− Φ2(x, y)Φ2(y, x))
2 .

With some algebra it can be verified that T (x, y) > 0, D(x, y) > 0 and [T (x, y)]2 −

4D(x, y) = (Φ2(x, y) + Φ2(y, x))
2[(Φ2(x, y) − Φ2(y, x))

2 + 4Φ1(x, y)Φ1(y, x)] > 0. This

implies that both eigenvalues are positive and real. As a result, the second order fixed
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points are either a sink, or a saddle or a source. Since (a) the second order iterate has

exactly three fixed points, which have positive and real eigenvalues, (b) the symmetric

steady state is a saddle because the eigenvalues at symmetric steady state are α2 ∈ (0, 1)

and ( α
1−α

λw∗(R)
1+λw∗(R)

)2 > 1 ⇔ λ > Λ1(R), and (c) the dynamics is bounded in the state space

(0, 1]× (0, 1], it follows that the second order fixed points are globally stable.

Proof of Proposition 3.4. (a) (x, y) = (ŵL(R), w(R)) and (x, y) = (ŵH(R), w(R)) are two

possible second order fixed points inN1. Local dynamics around these fixed points is given

by xt+1 = w(R) and yt+1 = w[R(xt+yt−1)] and xt+2 = N(xt, yt) and yt+2 = w(R) where

N(xt, yt) = w[Rw(R) + Rw[R(xt + yt − 1)] − R]. Note that this is a degenerate system

because if (xt, yt) ∈ N1 then yt+2 = yt+4 = ...yt+2n = w(R) for any n = 1, 2, 3, .... Hence,

the stability will be determined by the slope of N . The slope of N evaluated at the point

(x, w(R)) is N1(x, w(R)) = N2(x, w(R)) = ( αx
x+w(R)−1

)2. Figure 10 (a) shows ŵL(R) and

ŵH(R) and Figure 10 (b) shows the value of N1(x, w(R)) indicating that (ŵH(R), w(R))

is locally stable while (ŵL(R), w(R)) is unstable.
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(a) Existence of the second order fixed
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Figure 10: Existence and stability of the second order fixed points (ŵH(R), w(R)) and

(ŵL(R), w(R)): α = 2/3
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