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Abstract

This paper examines the equilibrium growth rate of capital stock and social welfare
under an infinite-horizon economy with productivity shocks. The analysis is conducted
in an international context where the volatility of production is assumed to be
endogenously determined by the degree of market integration. The evidence suggests
that when risk aversion is high, endogenous productivity risks can induce precautionary
savings and the over-accumulation of capital stock, whereas spillovers from integrated
markets are conducive to the under-accumulation of capital stock. Only in this case does
a unique equilibrium exist in which partial market integration contributes to growth
and social welfare. When risk aversion is low, there exist multiple equilibria depending
on the degree of market integration, and full market integration is desirable for social
welfare. The model gives an explanation of the withdrawal of the United Kingdom from

the European Union as an example of rational market participation decisions.
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I. Introduction

Financial regulation in many developed countries does not target full market
integration even though social welfare tends to improve with increased integration.
Instead, countries appear to target partial market integration, as evidenced in the cases of
European Union (EU), the North American Free Trade Agreement (NAFTA), Mercado
Comun del Sur (Mercosur), and the Association of Southeast Asian Nations (ASEAN),
inter alia. According to a broad consensus among academics and policy makers, this
pursuit of integration is partly explained by the fact that financial integration reduces
macroeconomic fluctuations and transaction costs and improves allocative efficiency.
However, the current theoretical evidence about the effectiveness of full integration is
not conclusive. This paper explores the rationale behind market segmentation and shows
that perfect integration may not be conducive to a participation equilibrium and that
perfect international risk-sharing conditions may not necessarily improve social welfare.

Figure 1 shows the hypothetical effect of market integration on the volatility of the
aggregated Gross Domestic Product (GDP) growth rate listed on World Development
Indicator (WDI) of the World Databank.' The standard deviation of the growth rate
does decrease as the degree of integration increases. This implies that perfect market

integration would allow each country to diversify its idiosyncratic risks.

" The horizontal axis represents the number of aggregated countries, and the vertical axis is the Standard deviation of the growth rate
of aggregated GDP listed by World Development Indicator of World Bank. The maximum number of countries is 111, and the time period
is from 1970 to 2011. The growth rate of aggregated GDP is derived from Z‘[\LIGDPHH / Z;\L]GDP”, where N=1,...,111 in descending order
of the magnitude of GDP.
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Figure 1. Volatility of aggregated GDP growth rate
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(Note) This figure illustrates the risk-sharing effect of the productive sector of 111 countries listed on the World
Development Indicator (WDI) of the World Data Bank.

(Sources) 1970~2010, WDI of World Data Bank.

The equilibrium growth rate of capital stock and social welfare are examined by
incorporating endogenous volatility of production into an infinite-horizon economy.
This endogenous volatility is generated through risk-sharing externalities. Productivity
risks are assumed to be diversifiable when all countries decide to participate in the same
risk-sharing group because it is not possible to fully diversify such risks if countries
elect to participate into different groups. This model of market integration implies that
endogenous volatility may induce precautionary savings and the over-accumulation of
capital stock. In addition, when there are spillovers from the segmented market into the
production technology, spillover effect on production can be conducive to the under-
accumulation of capital stock.

This theoretical evidence is consistent with the previous literature. Devereux and
Smith (1994) demonstrate that international risk sharing has the potential to diversify
away income risk and therefore reduce savings.2 They also provide evidence that,

* The simple example of risk-sharing externality is described in Appendix 1.
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relative to the case of financial autarky, economic growth is likely to decrease under
financial integration. Other studies, however, support of the notion that financial market
integration enhances social welfare. The empirical evidence forwarded by, for instance,
Prasad et al. (2003), Baele et al. (2004), and Kim et al. (2006), as well as the theoretical
models proposed by Dumas and Uppal (2001), Molana and Montagna (2006), and
Obstfeld (1994) are in line with this notion.

The model of international risk sharing with endogenous production shocks used
in this paper differs from the approach used in other studies that assume idiosyncratic
shocks to be exogenous. In contrast to the models with exogenous idiosyncratic risks
proposed by Aiyagari (1994), Angeletos and Calvet (2006), Devereux and Smith (1994),
Huggett (1993), Mankiw (1986), and Weil (1992), it is possible to consider the optimal
market integration, as demonstrated by Ohno’s (2009, 2010) analyses of risk-sharing
externalities. In this endogenous volatility model, representative agents who forecast the
size of the market and the scope of risks faced ascertain the market participation decision
problem depending on their preferences. This enables us to investigate the optimal
market integration. Furthermore, the present paper focuses on productivity shocks where
risky interest rates do not necessarily promote households savings, whereas Ohno (2009,
2010) considers the effects of endowment shocks and riskless interest rates that induce
precautionary savings as long as there is positive risk aversion. In an economy with risky
interest rate, however, the promotion of savings depends on the degree of risk aversion
and parameters on production technology. This paper clarifies the determinants of
equilibria based on these exogenous parameters. The contributions of the infinite-horizon
economy model used in this paper are threefold. First, the model suggests that the effect
of market integration on economic growth is a function of the degree of risk aversion,
and that the optimal degree of market integration is determined by rational market
participation decisions. Second, when risk aversion is low, there are multiple market
integration equilibria, and in this case, equilibrium with perfect market integration
is desirable. Finally, an increase in market integration depresses growth rates if the
degree of risk aversion is high, and there is no equilibrium with full market integration.
However, market segmentation equilibrium contributes to economic growth and social
welfare.

The remainder of the paper is organized as follows. Section II introduces the
economic modeling and examines the utility maximization problem. Section III
considers the participation decision for each representative agent and characterizes the

equilibrium conditions in terms of the degree of market integration. Section IV provides
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a numerical example that explains the theoretical implications. Section V discusses

policy implications and comparisons.

I1. Model

Consider a world economy with a continuum of countries normalized to unity and a
single consumption good.3 In each country, there is a representative agent with an infinite
lifetime. Time is discrete, starts in period 0, and continues indefinitely, so that =0,1,2, ....
Representative agents have to decide whether to join one of two productive risk-sharing
mechanisms. These groups are hereafter denoted as i, where i=4 or B. The difference
between the two groups depends on the properties of the productivity shocks.

Each representative agent holds capital k, at 7 and inelastically supplies /, hours,
which is normalized to one. The representative agents in group i produce the same

£ (H, ll_,)lfa, where §

it it i

consumption good according to the production function y = 0
stands for stochastic, Hicks-neutral technology and a<(0,1) reflects the capital share.
H_ represents the spillover effect, which acts as the Harrod-neutral technology growth
parameter. Following Romer (1986, 1987), it is assumed that in equilibrium, Hit=l€it,
which constitutes the average capital stock. To allow for a closed-form solution for this
economy, it is also assumed that capital depreciates fully within a period. The shocks to
Hicks-neutral technology are given by {éir}io fori=A4, B.

Each agent must decide whether to belong to alternative risk-sharing mechanisms
denoted by groups i, i=4 and B: the distinction between group A and group B is dependent
on the property of productivity shocks. To provide an intuitional explanation, we illustrate
the economic rationale for the shock specification in Appendix 1. Suppose that an
aggregate fraction u(€[0,1]) of countries are in group A. The productivity shocks for both
groups are assumed to be dependent on the proportion of membership in group A, én(/”)°
for i=A, B. Assume that é,- t(u) is independently and identically distributed over time and
that 0 (1) is strictly positive to avoid negative or zero production output. Furthermore, let
0 (1) be subject to E,_l[éit(“)]:E[én(u)]Eé and Var,_l[é,»,(:u)]:Var[é,«,(/l)]fd,-(/i), where
o (1) and o (1) are assumed to be decreasing and increasing, respectively, in z€[0,1].

* The number of countries can also be assumed to be discrete without loss of generality. However, this setting allows for the analysis
of continuous endogenous shocks and equilibrium conditions.
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Group A and group B are both assumed to absorb the unilateral productivity shocks
in the model without aggregate risk. In a perfectly integrated economy, idiosyncratic
shocks are assumed to be diversifiable risks, such that (D=6 and & (1)=0 or 2] (0)=0
and 5,(0)=0.

Each representative agent consumes ¢, goods in period ¢. The agent’s preference can
be defined as the sum of the expected discounted utility functions under constant relative
risk aversion, V, = E [Zio: B t(cl_ll_y—l)/(l—y )], where f3 represents the discount factor and y
represents the risk aversion parameter.

In this economy, representative agents face a two-stage optimization problem. First,
in period 0, they must decide whether to participate in group A or group B to benefit
from risk-sharing opportunities. In particular, the incentive to participate in group A is
conditional on ¥, >V . Next, they face a utility maximization problem. The participation
decision can only be made after solving this problem, which is discussed in the following

section.

A. Utility maximization problem

The representative agent in each country faces the following budget constraint:

¢tk =0k HI)™ (1

it it+1 it it it

where k is given. The value function ¥, can be examined using dynamic

programming. The Bellman equation is given by

V.(k,)=max{u(c)+BELV, (k) ()

it+1 il

subject to (1). The first-order condition can be derived as

u’(cit) :ﬂEt[Fkit+l 4 (kit+1)]’ (3)

it+1

where F, 1 represents the marginal product of capital. From the envelope theorem
it+

(Benveniste and Sheinkman, 1982), the following equation is satisfied:

w(e) =V k) @
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Using Equation (3) and Equation (4), it is possible to derive the following Euler
equation with Constant Relative Risk Aversion (CRRA) preferences:

¢, =PE(F, ¢ ()

it+1

B. Equilibrium conditions

This section determines the equilibrium conditions for the capital, labor, and goods
markets in order to examine the time-invariant policy function.

The average capital stock is given by
k =k (6)

and in equilibrium, the spillover effect within group i is satisfied when Hl_t=13it. Each
representative agent supplies one unit of labor in every period, so labor market clearing

requires that / =1. Hence, the marginal product of capital is as follows:
F =af ™
In equilibrium, the goods market requires that

c,tk, =0k, fori=A,B ®)
Using these market-clearing conditions and the Euler equation, the following decision
rule can be derived:’
k. ,=[BaE(O. )10, k., fori=4,B.
Because Et(O~ l,'t jl) is a time-invariant function, the law of motion of capital stock is as

follows:
k= LBaB (07 )1" 76, k, = v,0,k, for =4, B. ©)

* The proof for the derivation of this decision rule is included in the Appendix 2.
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where y.= [ﬂaE(@Nllfy )N
In addition, the time-invariant policy functions are given by

,= (1) 6,k fori=4,B. 1o

where the Marginal Propensity to Consume (MPC) is denoted by v, and the Marginal
Propensity to Save (MPS) is y.
Stochastic productivity is assumed to be binomially distributed in order to derive

closed-form solutions.

Group A Group B
O+2(1-u) 0-u With probability 1/2
0-1(1-p) 0+ Au With probability 1/2

Arepresents the magnitude of productivity shocks and takes only positive values.
This simplification is in line with the previous setting and implies that group A country-
specific shocks decrease if i rises and vice versa.

In particular, in a perfectly integrated economy, productivity shocks fully disappear,
i.e., u=0 or u=1. If the fraction of countries in group A (u) decreases, then 2] ) becomes
more volatile, and precautionary savings are conducive to a higher equilibrium growth

rate. The following proposition can thus be introduced:

Proposition 1: Economic growth

An increase in the degree of market integration is conducive to a higher growth rate if
0<y<1 and to a lower growth rate if 1<y.

Proof. See Appendix 3

In the case of endowment risk, the positive constraint of risk aversion is conducive to
precautionary savings. Therefore, more risky endowments therefore promote household
savings if 0<y. On the other hand, this model incorporates productivity shocks, which
instead can be classified as interest rate risk. The difference between endowment and
productivity shocks is whether or not saving involves risk. If the productivity has shocks,
then interest rates become volatile. This implies that savings have the risk of return. In
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the case of productivity shocks, precautionary saving arises when relative prudence is
. . 5
larger than two, which corresponds to 1<y in the case of CRRA preferences.

II1. Equilibrium Market Integration

This section derives the lifetime indirect utility for each group in period 0 and
characterizes the participation decision. Using Equation (2), Equation (9) and Equation

(10), the following lifetime indirect utility can be derived:

(1) 7 E@' )k
Vi) = e
() LBy ()]

for i=A,B (11)

Agents are assumed to have common beliefs about the degree of market integration
1 because this ratio determines their beliefs about the productivity shocks. Indeed,
within this participation game, productivity shocks are generated by the degree of market
integration. Thus, it is optimal for representative consumers with common beliefs about
the degree of market integration to participate in group A if and only if the following
condition is satisfied:

(- ) 7E@") (1-,) 7E@)7)
>
I-N[1-By, (0,  A-N[1-By,7(0,7]

(12)
If the following relation is satisfied, then representative agents are indifferent about
participating in group A or group B:

-y )7E@)) (- TEG,7)
A-PL1-py (@] (A= [1-py (6]

(13)

The value functions Vl,(,u) can be characterized by the parameters (8,7, 0, a, 1) as
can beliefs about market integration 4. The equilibrium conditions in this model require

* Kimball (1990) and Suzuki (2010) investigate these arguments.

976



[ ] °
Impact of Risk Aversion on Optimal Market Integration ] e l

perfect foresight about the degree of market integration, which occurs at a fixed point
u" where representative agents hold self-fulfilling expectations. This fixed point ¢* can
therefore be regarded as sunspot equilibrium. Then, the following proposition can be

obtained:

Proposition 2: Multiple equilibria

If y+a-Dy, <ya, V,(0)<V,(0), and V,(1)<V (1), there exist two types of
equilibrium, the full-integration equilibria 4" = 0.1 and the market-segmentation
equilibrium u" =0.5.

Proof. See Appendix 4.

If the restrictions in Proposition 2 are satisfied, the indirect utility of group A
dominates that of group B when 1*=1, whereas the indirect utility of group B dominates
when ¢"=0. If (y+a - l)l//l_ <ya, then V, is increasing and ¥, is decreasing in 1. Under
these restrictions, the intermediate value theorem is applicable to this model. Thus, there
exist multiple equilibria, which are represented by the fully integrated market equilibria
"= 0.1 and the segmented-market equilibrium ¢* = 0.5.

Note that indirect utility is monotonically increasing in the degree of market
integration. This implies that the segmented-market equilibrium is lower than the full-
integration equilibrium. If the model is extended as a repeated game, then the market
segmentation equilibrium may be expected to disappear as the degree of market

participation increases.

Proposition 3: Unique equilibrium

If ya<(y+a-1y, , V,(0)<V (0), and V (1) <V, (1), then there is a unique

equilibrium at 12" = 0.5 in the absence of full market integration equilibria.

Proof. See Appendix 4.

If the restrictions in Proposition 3 are satisfied, the indirect utility of group A
dominates that of group B when u=0 and vice versa when u=1. If ya<(y+oa-1) V.,
then V| is decreasing and V/ is increasing in 4.

Under these restrictions, there exists a unique equilibrium represented by the
segmented-market equilibrium where p"=0.5. Fully integrated market conditions do

not lead to equilibrium because if, for instance, x"=0, then V., is dominated by V.
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This implies that all representative agents decide to participate in group A. Thus, an
equilibrium under full market integration with =0 or zz=1 cannot be achieved.

Note again that the indirect utility is monotonically decreasing in the degree of market
integration. This implies that even if full market integration can represent an equilibrium
point, the indirect utility is lower than that under market segmentation. Therefore, even
if the model is extended to a repeated game, the equilibrium under market segmentation
still holds.

IV. Numerical Example

This section illustrates the conclusions of the theoretical model using a numerical
example. With CRRA preferences and a Romer-type technology, the economy is fully
parameterized by (3,7, 0, o, 1). Let the time period be one year and the discount factor
S=0.997. According to Barro and Sala-i-Martin (2003), the income share of capital ¢ is

assumed to be 0.4. Other parameters are explained ad libitum.
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Figure 2. Market integration and economic growth

(when ¥=0.999)
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Figure 3. Market integration and economic growth

(wheny=1.0001)
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Precautionary savings contribute to increased capital accumulation when the
coefficient of risk aversion is larger than one. However, productivity shocks can exert
downward pressure on capital accumulation if the degree of risk aversion is smaller
than one. The relationship between the degree of market participation and economic
growth, as explained in Proposition 1, can be described by Figures 2 and Figure 3. As u
approaches unity, productivity shocks decrease. In Figure 2, where ¥ is set to be 0.999,
the growth rate of capital stock within group A is shown to be a increasing function of
the degree of market integration. By setting y=1.0001, however, it is clear from Figure 3

that an increase in the degree of market participation lowers the economic growth rate.

Figure 4. Market integration and indirect utility within group A
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(Notes) (i) Figure 4 represents the case of non-monotonic indirect utility within group A. Depending on
magnitude relation between (y+a—1)y, and ya, the indirect utility of group A increases and
decreases.

(ii) The diamond shape represents satisfying (y+a—1) v = ya.
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Figure 5. Parameter restrictions under Proposition 2 and 3
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(Notes) (i) Figure 5 demonstrates parameter restrictions on Proposition 2 and 3. The unbroken line in figure 5
represents Yo and broken line represents (y +o = 1)y .

(ii) The diamond shape represents satisfying (y+a-1)v = ya.

Figure 4 and Figure 5 describe the lifetime indirect utility of group A under the
parameter restrictions in Proposition 2 and Proposition 3. In this calculus, yo is set to
0.937, and indirect utility is decreasing if the degree of market integration lies within the
interval 12 €(0,0.15], over which the relation ya<(y+a-1)y , is satisfied. The indirect
utility is increasing, however, for 11 €(0.15,1], where ya>(y+a-1)y . This implies
that indirect utility is monotonically increasing in g if the restriction ya>(y+a -1y 18
satisfied for all £, but it is monotonically decreasing in 1 when ya<(y+a-1)y  forall 1.
Thus, the propositions impose monotonicity restrictions on the indirect utility function to

ensure the existence of equilibria.
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Figure 6. Multiple equilibria
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(Note) Figure 6 represents Proposition 2. The unbroken line is indirect utility of group A and the broken line
is group B. Also, E1, E2, and E3 represent multiple equilibria, where E1 and E2 are perfect integration

equilibria while E3 is market segmentation equilibrium.
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Figure 7. Social welfare
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(Note) Figure 7 shows social welfare under lower risk aversion.

The multiple equilibria are examined using productivity @=1.1 and the scale of
productivity shocks A =0.3, which implies a thirty percent measure of productivity
fluctuations. Figure 6 and Figure 7 are derived given the risk aversion parameter y=0.5.

There are two types of equilibrium illustrated by Figure 6: the perfect market
integration equilibria E1 and E2 and the market segmentation equilibrium E3. At
equilibrium point E1, all countries have an incentive to participate in group B because
the welfare of group A is dominated by that group B. Hence, all countries with common
beliefs that =0 are induced to join the fully integrated market. Similarly, at equilibrium
point E2, there is an incentive for countries to participate in group A because of higher
indirect utility. At equilibrium point E3, however, market segmentation is caused by
common beliefs that £*=0.5 and equivalent indirect utilities in groups A and B.

Figure 7 describes the social welfare function, which is calculated from the definition
of SW=uV, +(1-u)V, Welfare at equilibrium point E1 is equivalent to that at E2, and
both dominate welfare at equilibrium point E3. Therefore, the market segmentation
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equilibrium creates lower social welfare, and global market integration may be desirable

under lower risk aversion.

Figure 8. Unique equilibrium
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(Note) Figure 8 demonstrates Proposition 3. The unbroken line is indirect utility of group A and the broken
line is group B. Also, E represents the unique equilibrium. Also other values of p are not supported by

optimization and equilibrium.
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Figure 9. Social welfare
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(Note) Figure 9 shows social welfare under high risk aversion.

Figure 8 and Figure 9 demonstrate the implications of Proposition 3 with the degree
of risk aversion y=2. It is shown that perfect market integration does not constitute an
equilibrium point because the indirect utility of group B is dominated by that of group
A when p=0. When this occurs, beliefs about market participation are not realized. For
instance, ¢ may be forecast to take the value of 0, with full membership in group B, but
an incentive to join group A may arise because of higher indirect utility. This would lead
to a deviation from the forecast since ¢ ultimately takes the value of unity rather than
Zero.

There is a case of self-fulfilling expectations at the equilibrium point E, where the
degree of market integration is forecast to be u=0.5, as the indirect utility functions for
group A and group B are equivalent. This unique equilibrium E dominates other welfare
points for alternative values of u, as shown in Figure 9. Thus, under higher risk aversion,
an equilibrium with perfect market integration cannot be achieved because of its lower

social welfare.
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V. Conclusion

When low risk aversion is assumed, market segmentation equilibrium is unstable,
whereas full integration equilibria are stable. This implies that the economy progresses
toward global market integration if participation decision is expanded to a repeated
game. However, the segmented market equilibrium is unique and stable under high
risk aversion. Additionally, it is impossible to realize full integration even though there
are chances of repetition of market participations. Thus, it enables us to characterize
equilibrium market integration as a consequence of rational participation decision. This
theoretical prediction could suggest the impossibility of global market integration. It is
optimal for highly risk-averse agents to avoid participating in global market integration
even though it may seem paradoxical. The withdrawal of the United Kingdom (UK)
from the EU may be just one example of rational decision making.

This endogenous growth model provides the following empirical and policy
suggestions. First, each policy maker among countries should evaluate the relation
between the progress of market integration and its effect on growth rate. If an increase
in the degree of market integration lowers the growth rate, then, at least, excess market
integration has the potential to pervert social welfare. Second, market segmentation can
improve welfare only if precautionary savings of households adequately offsets spillover
effects on production technology. This implies that policy makers are required to
evaluate positive externality effects on technological progress because it induces under-
accumulation of capital stocks and requires precautionary motives of households for the
realization of preferable economic growth.

The significance of these theoretical results can be assessed in light of the evidence
from previous literature concerning the impact of economic and financial globalization
on social welfare. For instance, studies by Dumas and Uppal (2001), Molana and
Montagna (2006), and Obstfeld (1994) indicate that financial integration increases social
welfare. The empirical evidence advanced by Frankel and Rose (1998) suggests that the
removal of trade barriers has the potential to induce higher correlations between business
cycles because financial market integration allows for demand shocks to be more easily
diversified away across national borders. However, the existence of positive externalities
of the production function can affect the significance of this relationship. Our theoretical
model suggests that country-specific productivity shocks within segmented markets are
likely to be more correlated because of risk sharing. This result is, thus, consistent with
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conclusions of Frankel and Rose (1998). This evidence does not support the proposition
that financial integration is necessarily conducive to increased social welfare; in fact, in
some cases, equilibria exist with higher social welfare under market segmentation.
Market segmentation is conducive to growth only under higher risk aversion, which
stimulates precautionary savings and the over-accumulation of capital stock. It is also
shown that under these conditions, there is a unique equilibrium where full market
integration is not optimal and market segmentation leads to higher social welfare. In
contrast, perfect market integration is more desirable under lower risk aversion, which
allows for risk-sharing opportunities and higher welfare. Thus, higher degrees of risk

aversion impede market integration.
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Appendix 1: Explanation for risk-sharing externalities
To provide an intuitional explanation, we illustrate the following example. Let

us consider four states and four countries. Assume that each country will receive the

following endowments in the future.

Table Al. Endowment matrix

Country 1 | Country 2 | Country 3 | Country 4
State 1 5 1 1 1 With Probability 1/4
State 2 1 5 1 1 With Probability 1/4
State 3 1 1 5 1 With Probability 1/4
State 4 1 1 1 5 With Probability 1/4

For example, country 1 receives five units of the consumption good when state 1 is
realized; however, the other countries obtain one unit only. If all of the countries belong

to the same risk-sharing mechanism, then they can smooth their consumption, that is, as

follows. *
Table A2. Consumption matrix
Country 1 | Country 2 | Country 3 | Country 4
State 1 2 2 2 2 With Probability 1/4
State 2 2 2 2 2 With Probability 1/4
State 3 2 2 2 2 With Probability 1/4
State 4 2 2 2 2 With Probability 1/4

However, when country 1 and country 2 participate in group A and country 3 and

country 4 in group B, the following consumption is satisfied.

Within this example, and for the purposes of simplicity, let us assume that there are Arrow-Debreu securities present in each
mechanism. Also, representative agents have a common time preference and Constant Relative Risk Aversion (CRRA) utility
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Table A3. Consumption matrix

(in segmented markets)

Country 1 | Country 2 | Country 3 | Country 4
State 1 3 3 1 1 With Probability 1/4
State 2 3 3 1 1 With Probability 1/4
State 3 1 1 3 3 With Probability 1/4
State 4 1 1 3 3 With Probability 1/4

In this case, expected values and variances of consumption are identical between
group A and group B. In particular, this implies that countries are indifferent between A
and B. The expectation value of consumption is identical in either case, but the variances
vary according to each case. In this example, the endowment risks are diversifiable when
all countries belong to the same mechanism. However, if the countries fall into two
groups, then they cannot fully diversify the endowment risk. This is because even though
there is no aggregate uncertainty, neither mechanism can offset the shocks. We attempt
to introduce these circumstances into the familiar international representative agent

cconomy.

Appendix 2: Dynamic programming solution

The time-invariant policy function and law of motion for capital stocks are derived
as closed-form solutions using the guess-and-verify method. The first guess of the

following policy function can be expressed as follows:
cit:¢initkit (Al)

where ¢_and 7 are undetermined coefficients. Substituting (A1) and (7) into (5), the
following equation is satisfied:
¢if]it+1 kil+] )y] (Az)

1: ﬂOCEt [gitﬂ ( ¢n k
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~ BuE [g (nk )] @)
t it+1 rlitkit

Then, the law of motion for capital stocks can be obtained as follows:

kit+1: [ﬂaEt(éitHﬁz_'tZl)]l/yn k (A4)

it it

where 77 is unknown parameter. Substituting (A4) into (8),

Cit - Hit lclt_k :{eit _[ﬂaEt(é 7 )]1 " 77l't}lcit (AS)

it+1 it+1 Ui+l

Since equation (AS5) must coincide with (A1), the undetermined coefficients ¢. and n7,
can be derived:

n,=6, (A6)

¢,=1-[BaE (07 )"
= 1-[BaE (7 " (A7)

It is possible to obtain the policy function (9) and law of motion for capital stock (10)
by substituting the coefficients (A6) and (A7) into (A1) and (A4).
Appendix 3: Growth

The calculus of the relation dy, /du can be performed with respect to A as follows,
and it can be extended for B without loss of generality:

oy, l-y Iy I i
A=y AT N 0-A0-) - [0+A0-p]
! (A8)
><£[9_—ﬂu(l—u)]177+ [9_+M1—u)]17y}71
+

The sign of the above equation is dependent on 1-y. Note that i represents the
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participation rate in group A. Therefore, a higher degree of participation in group A
induces an increase in growth within A if 0<y<1and a decrease if 1<y.
Appendix 4: The proof of Proposition 2 and Proposition 3

First, the following lemma is introduced:

Lemma 1 Welfare monotonicity

If ya>(y+a-1)y, is satisfied, then V| is increasing and V, is decreasing in u.

Similarly, when ya<(y+o-1) ¥, then V, is decreasing and V is increasing in .

The differentiation of ¥ with respect to u is as follows:

oy, AT 1= pa (@ {1+ pad ) Jy

2 (A9)

{1-BLBaA (] 7 A ()}
where

A, (W=0.5[0+A (1] +0.5[0 -2 (1-p)]'7 (>0)
A ()=0.5[0+2u]"7+0.5[0 - Au]"7 (>0)

L (W)=-0.5[0+A(1-)]"7+0.5[0-A (1-p)]'7 (>0)
[ ()=0.5[0+Au]7-0.5[0 -Au]7 (<0)

This implies that the shape of the value function depends on both the degree of risk

aversion and expected marginal product of capital stock.

Multiple equilibria:

If y+a- 1)1//1_ <ya, V,(0)<V,(0), and V,(1)<V (1), the intermediate value theorem
applies, and there exists a fixed intermediate point z"= 0.5 since ¥, and ¥}, are symmetric

functions about 1. When the beliefs about the degree of market integration are such that
1=0, the equilibrium comes from the incentive for countries to participate in B because
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its value function dominates that of A. Also, the equilibrium where u=1 reflects the
incentive for countries to instead participate in A, whose value function dominates that
of B.

Unique equilibrium:

As with multiple equilibria, if ya<(y+a - l)l//i, V.(0)<¥,(0), and V,(1)<V,(1),
are satisfied, then it is possible to apply the intermediate value theorem, which implies
the existence of a fixed intermediate point 1"=0.5. However, full market integration is
not conducive to equilibrium because in either case, the value function of one group is
dominated by the other.
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