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Abstract

This paper analyzes the role and effects of public investment policy when coordination problems

among agents can result in individually rational but socially inefficient investment decisions. De-

veloping a coordination investment model in which individuals simultaneously and independently

determine whether to undertake a risky but potentially more profitable investment project or an alter-

native with safe but lower returns, we first show that the risk of coordination failure can in equilibrium

result in socially inefficient investment and small consumption. We then investigate the role and ef-

fects of a public investment policy designed to help mitigate inefficiency. In our model, the size of

a feasible public investment policy is determined endogenously. Our numerical results show that the

divisibility of investment projects, the presence of financial constraints, the productivity of public

investments, and the relative precision of public and private information, as well as the relative tax

rates imposed on risky investments and safe investments, have complex effects on the effectiveness

of public investment policy and welfare. In particular, we demonstrate that a public investment policy

of a larger size and the availability of more precise information do not necessarily increase welfare.
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1. Introduction

In a highly decentralized economy, there are many situations in which coordination problems among

agents can be sources of economic inefficiency and instability. A well-known example is the possibility

of bank runs resulting from coordination failure among multiple depositors. In their seminal paper,

Diamond and Dybvig (1983) show that uncoordinated early withdrawals by depositors who fear other

depositors’ pre-emptive early withdrawals can lead to a socially inefficient bank run. A large recent

literature also argues that serious financial crises, great investment fluctuations, and large booms and

bursts of the markets can be caused by coordination problems among self-interested and individually

rational agents (e.g., Kiyotaki 1988; Lamont 1995; Obstfeld 1996; Morris and Shin 1998; Cooper and

Ross 1999; Cooper 1999; Chuiet al. 2002; Abreu and Brunnermeier 2003; Oyama 2004).

In general, grave coordination problems are prone to arise when numerous agents are involved and

strong strategic complementarities exist among their activities. This fundamental feature of coordination

problems implies that potential losses resulting from an incidence of coordination failure can become

enormous and wide ranging. In fact, taking the examples of bank runs and financial crises, significantly

large social losses have been caused by the occurrence of runs and crises. Many economists have there-

fore directed attention to how serious coordination problems and associated inefficiency and instability

can be avoided in various situations. The introduction of deposit insurance into the banking system is a

typical example of such social measures.

The objective of this paper is to contribute to understanding the role and effects of a public invest-

ment policy when socially inefficient investments and small consumption can result from coordination

problems among multiple agents. To this end, we develop an investment coordination model incorpo-

rated into a simple two-period economy (t = 0, 1). In our model, individuals born in period0 live for

two periods (period0 and period1). Each individual is born with an initial endowment and faces a

choice in his or her first period of whether to invest in a risky but potentially more profitable investment

project or an alternative with safe but lower returns. The rate of return of the safe investment project is

certain and constant, whereas that of the risky investment project depends on the unobservable quality

(fundamentals) of the project and the behavior of other agents. In particular, we assume that strategic
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complementarities exist in the payoffs from the risky investment, such that the profitability of the risky

investment project increases with the level of other agents’ activities. Because of this strategic com-

plementarity in individuals’ investment activities, coordination problems can arise in our model. Each

individual chooses between the safe investment project and the risky investment project so as to maxmize

the (expected) amount of consumption in old age.

By employing the analytical frameworks developed by Morris and Shin (2004), we first show that

the risk of coordination failure among individuals can cause socially inefficient investments and small

consumption in equilibrium. In Morris and Shin (2004), they apply the equilibrium selection framework

of global games to a creditor coordination game. Global games, pioneered by Carlsson and van Damme

(1993) and further extended by Morris and Shin (1998) and others, are incomplete information games

where individual players receive noisy private signals about the underlying payoff-relevant state of nature

that is assumed unobservable. Typically, coordination games under complete information have multiple

equilibria, which makes it difficult to conduct rigorous policy analysis and other comparative statics

exercises since the effects of marginal changes in the policy variables or other model parameters on

equilibrium outcomes cannot be definitely and meaningfully determined under multiplicity. One of the

advantages of using the global games approach is that it may enable us to obtain a unique equilibrium

and thus conduct rigid policy analysis under more realistic conditions. In the global games method, the

presence of noisy, privately observed signals creates heterogeneity among individuals and, under some

conditions, generates uniqueness. In the global games models, if information precision of private signals

is sufficiently high, individual agents come to ‘coordinate’ on the risk-dominant equilibrium which is

uniquely selected by the iterated deletion of dominated strategies.

Having shown that socially inefficient investments can arise both in multiple equilibria under com-

plete information and in a uniquely determined equilibrium under incomplete information, we specify a

welfare function and analyze the role and effects of a public investment policy in the investment coordina-

tion problem. In particular, we consider the case in which the government can influence the unobservable

quality (fundamentals) of risky investment projects through its public investment policy. In this analysis,

we take into consideration various different conditions through which the government can influence in-

dividuals’ investment decisions. Firstly, we deal with the case in which investment projects are divisible
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and the government can levy taxes on the initial endowments of individuals. In this case, the size of a

public investment policy by the government can be exogenously determined. Next, we treat the case of

the indivisibility of risky investment projects. In this case, it is suboptimal for the government to levy

taxes on the initial endowments of individuals since ex ante taxes on an initial endowment make it impos-

sible for individuals to undertake risky but potentially more profitable investment projects. Therefore, to

implement its investment policy, the government needs to raise the necessary funds from another source.

We consider the following two cases, one in which the government can borrow from the international

financial market and the other in which the government faces financial constraints and cannot borrow. In

the former case, the size of borrowing and thus the size of a public investment policy are endogenously

determined. A notable point in the latter case is that the government can no longer implement ex ante a

public investment policy because of the impossibility of separating the timing of taxes and expenditure.

As a result, in this case, it is only the ex post redistribution policy that the government can implement to

mitigate inefficiency. We consider that an ex post redistribution policy is implemented so that individuals

who chose the risky investment projects and whose projects end in failure can receive some subsidy from

the government, and the necessary funds for this redistribution policy are collected from individuals who

chose the safe investment projects and obtained constant and certain returns.

Providing various numerical results corresponding to each case above, we show that the divisibility

of the investment projects, the presence of financial constraints, the productivity of public investments,

and the relative size of public and private information precision, as well as the relative size of tax rates

imposed on risky investments and safe investments, complexly affect the effects of a public investment

policy and thus welfare. In particular, we demonstrate that a public investment policy of a larger size and

the availability of more precise information do not necessarily increase expected welfare. Rather, it is

shown that there is the possibility that a public investment policy of a larger size and greater transparency

can decrease individuals’ consumption and thus welfare.

The rest of the paper is organized as follows. In Section2, we provide the basic framework of the

model. Section3 analyzes, as the benchmark case, the optimal strategy of individuals under complete

information. Section4 investigates the optimal strategy of individuals under incomplete information

and derives a unique Bayesian Nash equilibrium. In Section5, presenting various numerical results, we
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address extensively policy issues and their implications. Section6 concludes the paper.

2. The model

We consider a two-period economy in which a continuum of risk-neutral individuals indexed by the unit

interval[0, 1] lives for two periods (t = 0, 1). Individuals are born with initial endowmentw and have an

opportunity to undertake an investment project in the first period (hereafter called the investment period).

Two kinds of investment projects are available for the individuals. One is the safe investment project that

yields a certain unit of capital goodsR per investment at the end of the investment period. That is, the

gross rate of return of the safe investment project isR. The other project is the risky investment project

whose gross rate of returnRr is uncertain as of the date of investment and, as specified below, the realized

value of the gross rate of return is assumed to depend on the quality (fundamentals) of the project and

the behavior of other agents. Individuals rent capital goods produced by their investment to competitive

firms in the second period and consume the obtained interest and principal at the end of second period.

For simplicity, it is assumed that there is no depreciation and no discounting. Furthermore, individuals

are assumed to be technologically and financially constrained. This assumption means that in our model

no individual can be a ’large player’ who is free from coordination problems. Since individuals are

assumed to be risk neutral, they choose between the safe investment project and the risky investment

project in a manner that maximizes the (expected) amount of consumption in old age.

In the model, following Morris and Shin (2004), we assume that the gross rate of return of the risky

investment project undertaken in period0 is determined as follows:

Rr(θ, λ) =

 Rs if θ ≥ λa,

Rf if θ < λa,
(1)

whereθ is a randomly determined value of the quality (fundamentals) of the risky investment project

undertaken in period0, λ denotes the proportion of individuals who choose the safe investment project

in their investment period0, a (> 0) is a parameter that captures the severity of the coordination problem,

andRs > R > Rf are assumed to be satisfied. In other words, Eq. (1) means that a risky investment
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project undertaken in period0 can succeed with a higher returnRs if and only if its qualityθ is so large

that it can resist the influence of uncoordinated behavior (i.e., the behavior of abstaining from choosing

the risky but potentially more profitable investment project), which is captured by the value ofλa. Eq.

(1) also states that ifθ is smaller thanλa, then the risky investment project with such low quality will end

in failure with a lower returnRf .1 Therefore, strategic complementarities among individuals’ activities

exist in our model.

In our model, the value of the quality (fundamentals) of a risky investment project undertaken in

period0, θ, is assumed to be an unobservable random variable for individuals and has a normal prior

distribution with mean of̄θ and variance1/γ (i.e., precisionγ). Each individuali, however, receives the

following two kinds of signals as to the value ofθ before their investment decisions in period0: one is a

private signalxi and the other is a public signaly.

xi = θ + ϵi, ϵi ∼ N(0, 1/γx), (2)

y = θ + ξ, ξ ∼ N(0, 1/γy), (3)

whereγx andγy denote the precision of the private signal and the public signal, respectively. The signal

y is public in the sense that it is commonly observable to all individuals. On the other hand, the private

signalxi can differ among individuals. In the following analysis, the noise parameters of the private and

public signals are assumed to be independent of each other and of the value of project quality. In addition,

the distributional properties of the signals are presumed to be common knowledge among individuals.

There is a continuum of competitive firms and they have an identical linear production function

Yi = Aki (i.e., the production function of AK type). Here,Yi is the output of production of firmi, ki

is the amount of capital employed by firmi, andA denotes productivity (which is equal to the marginal

product of capital in this case).2 The firms can employ capital at the (gross) interest rater, which is equal

1Note that Eq. (1) implies that a risky investment project with sufficiently large fundamentals can potentially succeed with

a higher return, even in the limit case whereλ → 1. This appears to be somewhat unrealistic, but we use this specification

to avoid a more complicated classification. In fact, as illustrated in the following analysis, such an unrealistic case does not

emerge in equilibrium in our model. Note also that we assume that the rate of return of the risky investment projects depends

only on theproportionof the agents who choose the safe (risky) investment projects.
2If we assume the decreasing (concave) production function, we would be able to analyze the situation in which both
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to 1 + A in equilibrium.

Under these circumstances, each individual with initial endowmentw and the signalsxi andy first

makes an investment decision in period0 and then rents capital and consumes the obtained interest and

principal at the end of period1.

3. The optimal investment strategy under complete information

In this section, as a benchmark case, we analyze the optimal investment strategy of the individuals when

the realized value ofθ is common knowledge. A feature in the case of complete information is that, as

in the currency attack model in Obstfeld (1996), self-fulfilling multiple equilibria can arise because of a

coordination problem among individuals.

First, we suppose thatθ is small such thatθ < 0 is satisfied. It is then always optimal for each

individual to choose the safe investment project irrespective of other agents’ behavior. This is because a

risky investment project with such small fundamentals will necessarily fail even if all individuals choose

the risky investment in period0. If so, sinceR > Rf , choosing the safe investment project in period

0 brings higher returns than the risky investment project and thus choosing the safe investment project

becomes the optimal strategy for each individual. In contrast, ifθ is large enough to satisfyθ ≥ a, then

choosing the risky investment project becomes the optimal strategy for each individual. This is because

a risky investment project with such large fundamentals will succeed even if all other agents choose

the safe investment project. As long as the project succeeds, the risky investment project brings higher

returns (Rs > R). Therefore, choosing the risky investment project becomes the optimal strategy in the

case ofθ ≥ a.

An interesting case is whenθ lies in [0, a). In such a medium region of the fundamentals, a coordi-

nation problem will arise. For a risky investment project with medium fundamental like these, choosing

the risky investment project becomes optimal for an individual only when the proportion of the other in-

dividuals who also choose the risky investment project is sufficiently large, such thatθ ≥ λa is satisfied.

strategic complementarities and strategic substitutes coexist. For example, we assume that the return form the risky investment

is specified asRs(λ) whereR′
s(λ) < 0 and the production function is concave (i.e., the production function with decreasing

returns), the marginal product of capitaldecreaseswith the proportion of the agents who choose the risky investment projects.
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Because of this strategic complementarity between individuals’ activities, as described in Diamond and

Dybvig (1983) and Obstfeld (1996), self-fulfilling multiple equilibria can arise in the case ofθ ∈ [0, a).

In our model, two (Pareto-ranked) pure strategy Nash equilibria can arise: one is the Pareto-superior

equilibrium where every individual chooses the more profitable risky investment project and the other is

the Pareto-inferior equilibrium where every individual chooses the safe investment project with constant

but lower returns. It is important to note that in the latter equilibrium, inefficiently small investment oc-

curs in the sense that socially more profitable projects are not chosen as a result of a coordination failure

among individuals.

In the equilibrium whereλ = 1, the amount of aggregated capital is equal towR and the amount of

output produced in period1 is AwR. On the other hand, in the equilibrium whereλ = 0, the amount of

aggregated capital is equal towRs and the amount of output produced in period1 is AwRs. The amount

of consumption of the individuals in period1 is given by(1 + A)wR in the equilibrium whereλ = 1

and by(1 + A)wRs in the equilibrium whereλ = 0.

4. Unique equilibrium under incomplete information and the possibility of

inefficient investments

In this section, we analyze the optimal investment strategy of individuals under incomplete information

and derive a unique Bayesian Nash equilibrium. In the incomplete information game, the fundamentals

value is not common knowledge among individuals and they can have different information. Because of

this heterogeneity among individuals’ information sets, the possibility exists that a uniquely determined

equilibrium can be obtained under the incomplete information game. The relative size of the precision

between the two signals, i.e., the public signal and the private signal, plays an important role in the

possibility of uniqueness.

After receiving the two signals at the beginning of period0, each individual makes his or her invest-

ment decision. Since the public signaly is commonly observed by all individuals, their information sets

differ only in terms of private signals. Accordingly, as demonstrated in Heinemann and Illing (2002),

Morris and Shin (2004), Corsetti et al. (2004) and others, a strategy for individuali can be given by
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a decision rule that maps each realization of his or her private signalxi to one of two choices, i.e., a

risky investment or a safe investment. On the other hand, an equilibrium can be characterized by two

critical values: a critical value ofθ, θ∗, such that a risky investment project with fundamentals larger

than or equal to this value will necessarily succeed, and a critical switching value ofxi, x∗, such that

every individual who receives a private signal smaller than or equal to this value will always choose the

safe investment project. In what follows, we sketch the derivation of a unique equilibrium characterized

by θ∗ andx∗, and then show that inefficiently small investments and consumption levels can arise in the

uniquely determined equilibrium under incomplete information.

First, we consider the critical valueθ∗, given a switching threshold value of the private signalx∗.

Suppose now that the true value of the fundamentals isθ and each individual follows a switching strategy

aroundx∗. Then, since the noise terms in private signals are assumed to be independently and identically

distributed, the proportion of the individuals who choose the safe investment project in period0, λ

corresponds to the probability that any particular individual receives a private signal smaller than or

equal tox∗:

λ = Pr(xi ≤ x∗ | θ) = Φ (
√

γx(x∗ − θ)) , (4)

whereΦ(·) denotes the cumulative distribution function for the standard normal. From Eq. (1), a risky

investment project succeeds if and only if its fundamental value satisfies the successful conditionθ ≥ λa.

Thus, given a switching strategy aroundx∗, the critical valueθ∗ must satisfy the following critical mass

condition:

θ∗ = λ · a = Φ (
√

γx(x∗ − θ∗)) · a. (5)

Second, we consider the optimal switching strategy of the individuals, given the values ofθ∗, xi,

andy. From Eq. (2) and Eq. (3) and given the assumptions about the prior distribution ofθ and the

distribution of each signal, the posterior distribution ofθ for individual i receiving a private signalxi and

a common signaly is given by a normal distribution with the following mean and variance:

E(θ | xi, y) =
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
xi +

γy

γ + γx + γy
y, (6)

Var(θ | xi, y) = 1/(γ + γx + γy). (7)
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Therefore, under the given values ofθ∗, xi, andy, the conditional probability of success of the risky

investment project for this individual is given by:

Pr(θ ≥ θ∗ | xi, y) = Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
xi +

γy

γ + γx + γy
y − θ∗

))
.

(8)

Each individual chooses the risky investment project at the beginning of period0 only when the expected

returns from the risky investment project exceed the certain returns from the safe investment project.

Accordingly, givenθ∗, the optimal switching threshold valuex∗ such that individuals receiving a private

signal smaller than or equal to this value will always choose the safe investment should satisfy the

following optimal cutoff condition:

wRs · Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x∗ +

γy

γ + γx + γy
y − θ∗

))
+ wRf ·

(
1 − Φ

(√
γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x∗ +

γy

γ + γx + γy
y − θ∗

)))
= wR. (9)

We now have a pair of equations (Eq. (5) and Eq. (9)) in terms ofθ∗ andx∗. By solving this pair of

equations, we can obtain the unknown critical values,θ∗ andx∗. Solving forθ∗, we have

θ∗ = a · Φ
(

γ + γy√
γx

(
θ∗ − γ

γ + γy
θ̄ − γy

γ + γy
y +

√
γ + γx + γy

γ + γy
Φ−1

(
R − Rf

Rs − Rf

)))
. (10)

Since the right-hand side of the above equation is a scaled-up cumulative normal distribution with mean

γ
γ+γy

θ̄ + γy

γ+γy
y −

√
γ+γx+γy

γ+γy
Φ−1

(
R−Rf

Rs−Rf

)
and varianceγx/(γ + γy)2, the critical valueθ∗ is deter-

mined at the intersection between this distribution and the 45-degree line. On the other hand, the critical

switching pointx∗ can be obtained by substituting this value into Eq. (9).

Note that, as illustrated in Morris and Shin (2003, 2004), the critical valueθ∗ is uniquely determined

if the scaled-up cumulative normal distribution in Eq. (10) has a slope that is less than one throughout

the whole range of possible values. The slope is given byaΦ′(γ + γy)/
√

γx and the maximum value of

Φ′(·), i.e., the density of the standard normal, does not exceed1/
√

2π. Therefore, a sufficient condition

for uniqueness is given by:

γ + γy√
γx

<

√
2π

a
. (11)
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In other words, the equilibrium derived here is unique if, under the given values ofγ, γy, anda, the

precision of the private signalsγx is relatively high (or if the precision of the common signalγy is

relatively low under the given values ofγ, γx, anda).3

In the unique equilibrium derived above, it is optimal for each individual to choose the safe invest-

ment project if it receives a private signal that is smaller than or equal to the switching threshold value

x∗. On the other hand, under such a switching strategy by individuals, a risky investment project whose

fundamentals are lower than the critical valueθ∗ will always end in failure. Since0 ≤ Φ(·) ≤ 1 in Eq.

(10), the critical valueθ∗ lies in the interval[0, a]. As shown in the previous sections, however, choos-

ing the risky investment project in period0 whose fundamentals lie in this interval should be socially

efficient. Therefore, we can say that the interval[0, θ∗] represents the occurrence of inefficient small

investments in the uniquely determined equilibrium under incomplete information. Needless to say, a

rise in the value ofθ∗ means an increase in the likelihood of small investments in the risky but potentially

more profitable investment projects.

Now that we specify the condition for uniqueness, we can examine how the critical valueθ∗ is influ-

enced by the changes of the model parameters. From the signs of the partial derivatives ofθ∗ with respect

to Rs, Rf , R, θ̄, y, anda, we can show that the probability of inefficient small investments is decreasing

in Rs, Rf , θ̄, andy, and is increasing inR anda under the uniqueness condition.4 In other words, other

things being equal, the higher the expected value of the returns from the risky investment, the lower the

3So far, we have examined how a uniquely determined equilibrium, if any, can be obtained in a game of incomplete in-

formation by supposing that individuals follow a switching strategy around a critical value of the private signals,x∗. In fact,

as explained in Morris and Shin (2004), Heinemann and Illing (2002), and others, it can be shown that the switching strategy

aroundx∗ is the only strategy that survives the iterated deletion of dominated strategies in our model. Hence, there is no loss of

generality by restricting our analysis to a switching strategy aroundx∗. For further details, see Morris and Shin (2003, 2004)

and Heinemann and Illing (2002).
4For example, the partial derivative ofθ∗ with respect to Rs is given as ∂θ∗/∂Rs =

“

aΦ′ ·
q

γ+γx+γy

γx

∂Φ−1
„

R−Rf
Rs−Rf

«

∂Rs

”

/
“

1−aΦ′ · γ+γy√
γx

”

. The numerator of this expression is negative since∂Φ−1
“

R−Rf

Rs−Rf

”

/∂Rs <

0. On the other hand, the denominator is positive if the condition for uniqueness is satisfied. Hence, it can be shown thatθ∗ is

decreasing inRs. In the same manners,∂θ∗/∂Rf < 0, ∂θ∗/∂θ̄ < 0, ∂θ∗/∂y < 0, ∂θ∗/∂R > 0, and∂θ∗/∂a ≥ 0 can be

shown.
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likelihood of inefficiently small investments, while the higher returns from the safe investment project

increase the possibility of inefficiently small investments. Note also that an increase ina raises the value

of θ∗. That is, the greater the degree of disruptive influences among individuals, the higher the likelihood

of inefficiently small investments in the potentially more profitable projects.

We finally specify the ex ante expected aggregated capital stock and welfare function under incom-

plete information. When individuals choose the safe investment project, they can obtainwR at the end

of period0 and thus consume(1 + A)wR at the end of period1, irrespective of the realization ofθ.

In the case of the risky investment project, individuals can obtainwRs at the end of period0 when

their investment projects succeed (i.e.,θ ≥ θ∗) andwRf when their investment projects end in fail-

ure (i.e.,θ < θ∗). The proportion of individuals who choose the safe investment project is given by

Φ
(√

γx(x∗ − θ)
)

when each individual follows the switching strategy aroundx∗ and the fundamen-

tals areθ. Similarly, the proportion of individuals who choose the risky investment project is given by

1 − Φ
(√

γx(x∗ − θ)
)

= Φ
(√

γx(θ − x∗)
)
. Therefore, the ex ante expected aggregated capital stockK

and the expected welfareW (evaluated by public information) can be respectively specified as follows:

K = wRs

∫ ∞

θ∗
Φ(

√
γx (θ − x∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ wRf

∫ θ∗

−∞
Φ (

√
γx (θ − x∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ wR

∫ ∞

−∞
Φ (

√
γx (x∗ − θ))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ, (12)

W = (1 + A)wRs

∫ ∞

θ∗
Φ(

√
γx (θ − x∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ (1 + A)wRf

∫ θ∗

−∞
Φ(

√
γx (θ − x∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ (1 + A)wR

∫ ∞

−∞
Φ(

√
γx (x∗ − θ))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ, (13)

whereϕ(·) denotes the probability density function for the standard normal. In the limit wherex∗ → ∞,

θ∗ → a andK andW converge towR (< wRs) and(1 + A)wR (< (1 + A)wRs), respectively.

Under the parameter values listed in Table 1, we calculate the expected welfare for different values

of y. The expected welfare wheny = −1.5, y = 0.1 and y = 1.5 is 40.0000, 40.0006, 40.7948,
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respectively.5

<< Table 1 goes about here.>>

5. The effects of public investment policy

In the previous sections, we have shown that inefficiently small investments and consumption levels can

arise in both multiple equilibria under complete information and a unique equilibrium under incomplete

information as a result of the rational behavior of individuals. In this section, we address the policy issues

and analyze how the government can mitigate inefficiency arising from coordination failures among

individuals.

As the government policy that would help mitigate inefficiency, we can consider several types of

policy in our framework. For example, the government may be able to increase the fundamentals of the

risky investment projects through its public investment or reduce the severity of the coordination problem

among individuals (which is captured by the parametera in our model). In what follows, we will focus

on the effects of a public investment policy where the government’s ex ante investment expenditure can

influence the fundamentals of the risky investment projectsθ.

We suppose the situation where public investment expenditureg at the beginning of period0 (before

individuals make their investment decisions but after the two signals are realized) can increase the funda-

mentals of the risky investment projects fromθ to θ + h(g). The functionh(g) specifies the productivity

of a public investment policy and is assumed to satisfy the conditionsh′(·) > 0 andh′′(·) < 0.6 Then,

the important problem for the government is how to finance its investment expenditure. In the following

analysis, we consider three cases. The first is the case in which investment projects are divisible and the

government can levy a tax on individuals’ initial endowments. In this case, there is no financial constraint

for the government. The second is the case in which risky investment projects are indivisible but the gov-

5These results mean that almost all individual agents choose the safe investment projects and the coordination problem is

severe.
6When we consider the situation where the government investment expenditure can reduce the severity of the coordination

problem among individuals, we can specify this alternative situation by assuming that public investment expenditureg at the

beginning of period0 can decrease the severity of the coordination problem froma to a/(1 + h(g)).
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ernment can raise the necessary funds in the international financial markets at the (gross) interest rater

per period. The third is the case in which risky investment projects are indivisible and the government

cannot borrow in the international financial markets. In this third case, because of the impossibility of

separation of the timing of taxes and expenditure, the feasible public policy for the government is only

an ex post policy such as an ex post redistribution policy. A crucial difference among these three cases is

that while the size of the public investment policy in the first case is determined exogenously, the feasible

size of the public investment policy and the size of the ex post redistribution policy in the second and

third cases are determined endogenously.

5.1. The effects of a public investment policy under divisibility

We first investigate the effects of a public investment policy when the investment projects are divisible.

In this case, the government can levy a tax on individuals’ initial endowments to finance the necessary

funds for its investment expenditure. Lettingτ ∈ [0, τ̄ ] denote the tax rate imposed on individuals’

initial endowments, the size of the public investmentg is given byτw and the feasible investment size

of individuals reduces to(1− τ)w. Following this change, the optimal cutoff condition (Eq. (9)) and the

threshold value ofθ, θ∗, are also modified as follows7:

(1 − τ)wRs · Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x̂∗ +

γy

γ + γx + γy
y + h(g) − θ̂∗

))
+ (1 − τ)wRf ·

(
1 − Φ

(√
γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x̂∗ +

γy

γ + γx + γy
y + h(g) − θ̂∗

)))
= (1 − τ)wR, (14)

θ̂∗ = a·Φ
(

γ + γy√
γx

(
θ̂∗ − γ

γ + γy
θ̄ − γy

γ + γy
y − γ + γx + γy

γ + γy
h(g) +

√
γ + γx + γy

γ + γy
Φ−1

(
R − Rf

Rs − Rf

)))
,

(15)

whereθ̂∗ andx̂∗ are respectively the threshold value ofθ and the optimal switching threshold ofxi under

divisibility of investment projects.

7We assume that the tax rate imposed on individuals who choose the risky investment project and on individuals who choose

the safe investment project is the same. This assumption is reasonable since if the tax rates are different among them, each

individual has an incentive to make a mendacious report about his or her choice to avoid a higher tax rate.
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On the other hand, the ex ante expected aggregated capital stockK̂ and the expected welfarêW

under divisibility are given by:

K̂ = (1 − τ)wRs

∫ ∞

θ̂∗
Φ(

√
γx (θ − x̂∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 − τ)wRf

∫ θ̂∗

−∞
Φ(

√
γx (θ − x̂∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 − τ)wR

∫ ∞

−∞
Φ(

√
γx (x̂∗ − θ))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ,

(16)

Ŵ = (1 − τ)(1 + A)wRs

∫ ∞

θ̂∗
Φ (

√
γx (θ − x̂∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 − τ)(1 + A)wRf

∫ θ̂∗

−∞
Φ(

√
γx (θ − x̂∗))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 − τ)(1 + A)wR

∫ ∞

−∞
Φ(

√
γx (x̂∗ − θ))

√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ.

(17)

In Figure 1, we calculate the expected welfareŴ in the case ofh(g) = d
√

g for different values ofτ ,

y andd, whered is the parameter that specifies the productivity of a public investment policy. When the

productivity of a public investment policy is medium size (d = 0.1), public investment increases welfare

only when the public signaly is relatively large (y = 1.5) (see Fig.1(a)). In fact, the expected welfare

monotonically decreases withτ when the public signal is not so large (y = −1.5 or y = 0.1), while it

nonmonotonically increases withτ when the public signal is relatively large. This is because when the

public signaly is small, the coordination problem is so severe (i.e.,θ̂∗ is so high) that a public investment

policy that is not so productive cannot serve as an effective coordinator. A notable point is that even if

the public signaly is large, a public investment of a larger size does not necessarily increase the expected

welfare; in other words, there is an optimal tax rate that maximizes expected welfare. The optimal tax

rate wheny = 1.5 andd = 0.1 is 0.16 (i.e., g = 1.6) and the expected welfare at this tax rate is about

53.66. For tax rates larger than this optimal value, a public investment of a larger size decreases welfare.

This nonmonotonicity stems from the nonlinearity of the effect of public investment in our model. Since

the productivity function of a public investmenth(·) has decreasing returns (h′′(·) < 0) andθ̂∗, x̂∗, and
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the conditional probability of success (failure) of the risky investment projects nonlinearly change with

h(·), a public investment policy affects the expected welfare in a nonmonotonic manner.

When the productivity of a public investment policy is high (d = 0.4), public investment can in-

crease welfare even when the public signaly is not so large (y = 0.1) (Fig.1(b)). The optimal tax rate

wheny = 0.1 is 0.08 (i.e.,g = 0.8) and the expected welfare at this tax rate is about56.12. Wheny is

large (y = 1.5), expected welfare sharply increases and reaches its maximum level71.56 whenτ = 0.04

(g = 0.4). On the other hand, when the productivity of a public investment policy is low (d = 0.01), the

public investment policy decreases welfare irrespective of its size (Fig.1(c)). Therefore, the optimal tax

rate in this case is zero (i.e., no public investment policy).8

<< Figure 1 goes about here.>>

5.2. The effects of a public investment policy under indivisibility (the case of no financial

constraints)

We next investigate the effects of a public investment policy when the risky investment projects are

indivisible but the government faces no financial constraints. If the investment projects are indivisible, it

is suboptimal for the government to levy taxes on the initial endowments of individuals since such ex ante

taxes on initial endowments make it impossible for individuals to undertake risky but potentially more

profitable investment projects. Therefore, to implement its investment policy, the government needs to

raise the necessary funds from another source. We suppose that the government can issue debt in the

international financial markets at the (gross) interest rater.9

Letting τr ∈ [0, τ̄r] andτs ∈ [0, τ̄s] be the tax rates imposed on the return of the risky investment

projects when they succeed and the return of the safe investment projects, respectively, the optimal cutoff

8When the productivity of a public investment policy is very high, public investment can increase welfare even when the

public signal is small (y = −1.5). For example, whend is 0.9, the expected welfare nonmonotonically increases and reaches

its maximum level44.06 whenτ = 0.28 (g = 2.8).
9We assume that individuals do not purchase government debt. In other words, we continue to assume that individuals

can invest their initial endowments only in the risky investment project or the safe investment project. This assumption for

simplicity would be reasonable in our model since the return from the government bond is weakly dominated by the returns of

the risky investment projects or the safe investment projects.

17



condition and the threshold value ofθ, θ∗, are modified as follows:

(1 − τr)wRs · Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy

ˆ̂x∗ +
γy

γ + γx + γy
y + h(g) − ˆ̂

θ∗
))

+ wRf ·
(

1 − Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy

ˆ̂x∗ +
γy

γ + γx + γy
y + h(g) − ˆ̂

θ∗
)))

= (1 − τs)wR, (18)

ˆ̂
θ∗ = a·Φ

(
γ + γy√

γx

(
ˆ̂
θ∗ − γ

γ + γy
θ̄ − γy

γ + γy
y − γ + γx + γy

γ + γy
h(g) +

√
γ + γx + γy

γ + γy
Φ−1

(
(1 − τs)R − Rf

(1 − τr)Rs − Rf

)))
,

(19)

where ˆ̂
θ∗ and ˆ̂x∗ are respectively the threshold value ofθ and the optimal switching threshold ofxi

under indivisibility of the risky investment projects and no financial constraints. It should be noted

that we assume that the tax rates on the risky investment projects and the safe investment projects can be

different and there is no tax on the returns from the risky investment projects when they fail. On the other

hand, the ex ante expected aggregated capital stockˆ̂
K and the expected welfarê̂W under indivisibility

and no financial constraints are given by:

ˆ̂
K = (1 − τr)wRs

∫ ∞

ˆ̂
θ∗

Φ
(√

γx

(
θ − ˆ̂x∗

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ wRf

∫ ˆ̂
θ∗

−∞
Φ

(√
γx

(
θ − ˆ̂x∗

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 − τs)wR

∫ ∞

−∞
Φ

(√
γx

(
ˆ̂x∗ − θ

))√
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ,

(20)

ˆ̂
W = (1 − τr)(1 + A)wRs

∫ ∞

ˆ̂
θ∗

Φ
(√

γx

(
θ − ˆ̂x∗

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 + A)wRf

∫ ˆ̂
θ∗

−∞
Φ

(√
γx

(
θ − ˆ̂x∗

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ (1 − τs)(1 + A)wR

∫ ∞

−∞
Φ

(√
γx

(
ˆ̂x∗ − θt

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ,

(21)
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whereg must satisfy the following feasibility condition:

g ≤ 1
r

(
τrwRs

∫ ∞

ˆ̂
θ∗

Φ
(√

γx

(
θ − ˆ̂x∗

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

+ τswR

∫ ∞

−∞
Φ

(√
γx

(
ˆ̂x∗ − θ

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y − h(g)

))
dθ

)
.

(22)

Eq. (22) states that although the public investment expenditureg is a given variable for individuals when

making their investment decisions, it must be such that it does not exceed the expected present value of

tax revenues collected at the end of period0.10 Since it is inefficient and suboptimal for the government

to levy superfluous taxes, we suppose that the condition Eq. (22) is satisfied in equality.

In Table2, we calculates expected welfarê̂W whenh(g) = d
√

g andτr andτs are optimally chosen

so as to maximize expected welfare. When the public signaly is very low (y = −1.5), the optimal tax

rates on the risky investment and the safe investment are zero and no public investment policy is optimal,

as in the case of divisibility. This is because for such a low public signal, pessimism among individuals is

so deep that the government cannot serve as an effective coordinator. On the other hand, when the public

signal is not too low (y = 0.1 or y = 1.5), the optimal tax rates are positive and the public investment

policy serves as an effective confidence builder (at least when the productivity of the public investment

is not so small). In fact, wheny = 0.1, the optimal tax rates on the safe investment projectτ∗
s are0.4

(which is equal to the upper limit of the imposable tax rate) and0.16 and the optimal tax rates on the

risky investment projectτ∗
r are0.00 and0.08 whend = 0.1 andd = 0.4, respectively. Similarly, when

y = 1.5, the optimal tax rates on the safe investment projectτ∗
s are0.4, 0.4, and0.32 and the optimal tax

rates on the risky investment projectτ∗
r are0.00, 0.00, and0.04 whend = 0.01, d = 0.1, andd = 0.4,

respectively.

As compared with the case of divisibility, the expected welfareˆ̂
W is larger thanŴ in most cases

10If we assume that the government repays at the end of period1, the feasibility condition becomes

g ≤ 1
r2

„

τr(1 + A)wRs

R ∞
ˆ̂
θ∗ Φ

“√
γx

“

θ − ˆ̂x∗
””√

γ + γyϕ
“√

γ + γy

“

θ − γ
γ+γy

θ̄ − γy

γ+γy
y − h(g)

””

dθ + τs(1 +

A)wR
R ∞
−∞ Φ

“√
γx

“

ˆ̂x∗ − θ
””√

γ + γy ϕ
“√

γ + γy

“

θ − γ
γ+γy

θ̄ − γy

γ+γy
y − h(g)

””

dθ

«

, which is fundamentally

equivalent to Eq.(4-22) in our model. That is, as long asr = (1 + A), repayment at the end of period0 and repayment

at the end of period1 are indifferent for the government. Ifr < (1 + A), it would be optimal for the government to repay at

the end of period1.
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(except for the cases whered andy are sufficiently small), while the size of the public investment policy

under indivisibility and no financial constraints is larger (smaller) than that under divisibility whend =

0.01, y = 1.5, whend = 0.1, y = 0.1, whend = 0.4, y = 0.1, and whend = 0.4, y = 1.5

(whend = 0.1, y = 1.5). In other words, the results here demonstrate that the ex ante tax on the initial

endowment under divisibility is not necessarily optimal and the availability of access to financial markets

is beneficial.11

<< Table 2 goes about here.>>

5.3. Information precision and welfare

In this subsection, we analyze how the information precision of the two signals influences the effects of

public investment policy and welfare. In general, for a decision maker facing a choice under uncertainty,

the availability of more precise information is considered beneficial, leading to better decision making.

In our framework, the problem is whether indeed an increase in transparency increases individuals’

welfare. We first investigate how different values of the information precision of the public signalγy

affect expected welfarê̂W , given the information precision of the private signalsγx.

Figure2 plots the expected welfarê̂W for different values ofγy (from0.0 to2.0), y, andd. When the

productivity of a public investment policy is medium and small size (d = 0.1 andd = 0.01), more precise

public information increases the expected welfare only when the public signal is relatively high (y = 1.5)

(see Fig.2(a) and Fig.2(c)). An intuitive explanation of this result is as follows. As known from Eq. (6),

when the relative precision of the public signal against that of the private signals increases, individuals

come to attach more weight to the information content of the former in calculating the expected value of

the unknown fundamentals. Accordingly, other things being equal, if the information content conveyed

11When the productuvuty of a public investment policy is very high, as in the case of disivility in the previous subsection,

we confirm that public investment can increase welfare even when the public signal is small (y = −1.5). In fact, whend is

0.9 andy = −1.5, the expected welfareˆ̂W is 52.4847 under the values ofτ∗
s = 0.4, τ∗

r = 0.24, andg = 4.00 (although we

receive warnings of getting the “Inf” or “Nan” values in the calculation process). From the results here, we can state that (1)

the repayments of public investment policy (if any) are basically and mainly made by the tax revenues from the safe investment

projects and (2) as the productivity of public investment becomes higher, the tax on the risky investment projects is also positive.
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by precise public information is favorable (unfavorable), then the expected value of the fundamentals of

the risky investment projects becomes relatively high (low) for individuals. But, as inferred from Eqs

(18) and (5), this high (low) expected value of the project fundamentals in turn leads to relatively low

(high) values of̂̂x∗ and ˆ̂
θ∗. Furthermore, more directly, since expected welfare is evaluated by public

information, high (low) values ofy under relatively large values ofγy increase (decrease) expected

welfare. Consequently, more precise public information increases (decreases) the expected welfare when

the public signaly is relatively high (low). In fact, the expected welfare in both cases (d = 0.1 and

d = 0.01) wheny = 1.5 monotonically increases withγy and reaches its maximum level (about75.0).

In contrast, in these cases, when the public signal is not high (y = 0.1 andy = −1.5), the expected

welfare gradually and sharply decreases and approaches its minimum level (about40.00) (Fig.2(a) and

Fig.(c)).12

On the other hand, when the productivity of a public investment policy is large (d = 0.4), more

precise public information slightly increases the expected welfare even when the public signal is not so

high (y = 0.1),13 although the expected welfare sharply decreases withγy when the public signal is low

(y = −1.5) as in the cases ofd = 0.01 andd = 0.1 (Fig.2(b)). Therefore, it can be concluded that more

precise public information is beneficial, particularly when the public signal and the productivity of the

public investment policy are relatively high.14

<< Figure 2 goes about here.>>

We next investigate how different values of the information precision of private signalsγx affect

the expected welfarê̂W , given the information precision of the public signalγy. Figure3 plots the

12In the currency crises model, Metz (2002) theoretically analyzes how an increase in the relative precision of public infor-

mation affects the threshold value of the fundamentals at which a currency crisis can be caused.
13As γy becomes larger, the conditional distribution ofθ becomes more thin-tailed. Therefore, when the productivity of a

public investment policyd is large and thusˆ̂θ is relatively low, more precise public information can increase the conditional

probability of success of the risky investment projects, other things being equal. As a result, the expected welfare slightly

increases when the productivity of a public investment policy is relatively large.
14From the results here, the government may have an incentive (if possible) to announce the large values ofy andγy as

much as possible. But this government’s incentive may be penetrated by the individual agents and thus the government’s initial

intention would end in failure.
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expected welfarê̂W for different values ofγx (from 10.0 to 40.0), y, andd. When the productivity of

a public investment policy is medium and large size (d = 0.1 andd = 0.4), the expected welfare lines

are almost flat for high and low values of the public signal (i.e.,y = −1.5 andy = 1.5), although the

levels are not necessarily the same between them (Fig.3(a) and Fig.3(b)). In contrast, for these values

of the productivity of a public investment policy, the expected welfare gradually increases withγx when

y = 0.1. As the relative precision of the private signals against that of the public signal increases,

individuals come to attach less weight to the information content of the public signal in calculating the

expected value of unknown fundamentals. Accordingly, when the information content of the public

signal is not so favorable, an increase in the precision of the private signals can decrease the optimal

switching threshold̂̂x∗ in Eq. (18) and thuŝ̂θ∗ so as to satisfy the critical mass condition. As a result,

when these changes are significant, increasing the relative precision of the private signals increases the

expected welfare. When the information content of the public signal is very bad (y = −1.5), such a

mechanism does not work as well and the expected welfare lines are almost flat at about40.0.15 On the

other hand, when the productivity of a public investment policy is low (d = 0.01), the expected welfare

does not significantly change with the increase ofγx (Fig.3(c)). Rather, when the public signal is high

(y = 1.5), the expected welfare slightly decreases withγx.

<< Figure 3 goes about here.>>

5.4. Financial constraints and the effects of an ex post redistribution policy

We analyze finally the case in which risky investment projects are indivisible and the government faces fi-

nancial constraints. Under indivisibility of investment projects and financial constraints, the government

can no longer implement any ex ante public investment policy because of the impossibility of separating

the timing of taxes and expenditure. In fact, in our model, the only implementable public policy of the

government is an ex post policy, such as an ex post redistribution policy. Therefore, in what follows, we

investigate the effects of the ex post redistribution policy when the government levies a tax on incomes
15For sufficiently large values ofγx, however, the expected welfare can increase withγx even when the public signal is very

low. In fact, we confirm that the expected welfare gradually increases for sufficiently large values ofγx when the productivity

of a public investment policy is large (d = 0.4).
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of individuals who chose the safe investment project in period0 and redistributes tax revenues among

individuals in period1 who chose the risky investment project in period0 and whose projects ended in

failure.

Letting τ fc
s ∈ [0, τ̄ fc

s ] andD1(< (1 + A)w(R − Rf )) denote respectively the tax rate on incomes

of the individuals who chose the safe investment project in period0 and the amount of per capita redis-

tribution in period1 for the individuals who chose the risky investment projects in period0 and whose

projects ended in failure,D1 must satisfy the feasibility constraints(1 − λfc)D1 ≤ λfcτ fc
s (1 + A)wR,

whereλfc is the proportion of individuals who choose the safe investment projects under the ex post

redistribution policy. More specifically, we assume thatD1 can be specified as follows:

D1 = min
(

λ(x∗fc)
1 − λ(x∗fc)

τ fc
s (1 + A)wR, D̄

)
, (23)

wherex∗fc is the optimal switching threshold ofxi under indivisibility and financial constraints. In other

words, we assume that there is an upper limitD̄ for the amount of per capita ex post redistribution in

period1 and the feasibility constraint is satisfied in equality when the amount of per capita redistribution

is smaller than the upper limit̄D.

Under this ex post redistribution policy, the optimal cutoff condition is given by:

(1 + A)wRs · Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x∗fc +

γy

γ + γx + γy
y − θ∗fc

))
+

∫ θ∗fc

−∞
((1 + A)wRf + D1)

√
γ + γx + γy ϕ

(√
γ + γx + γy

(
θ − γ

γ + γx + γy
θ̄ − γx

γ + γx + γy
x∗fc

− γy

γ + γx + γy
y

))
dθ = (1 + A)wR · Φ

(√
γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x∗fc +

γy

γ + γx + γy
y − θ∗fc

))
+ (1 − τfc

s )(1 + A)wR ·
(

1 − Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
x∗fc +

γy

γ + γx + γy
y − θ∗fc

)))
,

(24)

whereθ∗fc is the threshold value ofθ under indivisibility of investment projects and financial constraints

andx∗fc = Φ−1
(

θ∗fc

a

)
1√
γx

+ θ∗fc. We now consider a single individual who uses a switching strategy

aroundxfc, while all other agents use a switching strategy aroundx̃fc. Furthermore, we define the net
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expected utilityu(xfc, x̃fc) as follows:

u(xfc, x̃fc) = (1 + A)wRs · Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
xfc +

γy

γ + γx + γy
y − θfc

))
+

∫ θfc

−∞
((1 + A)wRf + D1)

√
γ + γx + γy ϕ

(√
γ + γx + γy

(
θ − γ

γ + γx + γy
θ̄ − γx

γ + γx + γy
xfc

− γy

γ + γx + γy
y

))
dθ − (1 + A)wR · Φ

(√
γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
xfc +

γy

γ + γx + γy
y − θfc

))
− (1 − τfc

s )(1 + A)wR ·
(

1 − Φ
(√

γ + γx + γy

(
γ

γ + γx + γy
θ̄ +

γx

γ + γx + γy
xfc +

γy

γ + γx + γy
y − θfc

)))
,

(25)

whereθfc is the failure point defined as the solution to the equation (the critical mass condition)

θfc = aΦ
(√

γx

(
x̃fc − θfc

))
. Then, as explained in Morris and Shin (2004), ifu(xfc, x̃fc) satisfies

the following three properties, there exists a unique switching strategy that survives the iterated deletion

of dominated strategies.(1) Continuity: u is continuous with respect toxfc. (2) Full Range: For any

x̃fc ∈ R ∪ {−∞,∞}, u(xfc, x̃fc) < 0 for xfc → −∞ andu(xfc, x̃fc) > 0 for xfc → ∞. (3) Mono-

tonicity: u is strictly increasing in its first argument, and is strictly decreasing in its second argument.

The first two properties are satisfied in our model for not so large values ofD1. On the other

hand, whether the third property (monotonicity) is satisfied is not necessarily obvious since while the

increase of̃xfc decreases the probability of success of the risky investment projects, it increases the

amount of ex post redistribution when the risky investment projects end in failure. In other words, for

monotonicity to be satisfied, the amount of ex post redistribution must be relatively small. We have

numerically confirmed that for relatively small values ofD̄, monotonicity is satisfied and a unique pair

of x∗fc andθ∗fc satisfying the critical mass condition and the optimal cutoff condition simultaneously

can be obtained. Under a unique pair ofx∗fc andθ∗fc, the ex ante expected aggregated capital stock and

the expected welfare under indivisibility and financial constraints are given by:

Kfc = wRs

∫ ∞

θ∗fc

Φ
(√

γx

(
θ − x∗fc

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ wRf

∫ θ∗fc

−∞
Φ

(√
γx

(
θ − x∗fc

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ wR

∫ ∞

−∞
Φ

(√
γx

(
x∗fc − θ

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ, (26)
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W fc = (1 + A)wRs

∫ ∞

θ∗fc

Φ
(√

γx

(
θ − x∗fc

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+
∫ θ∗fc

−∞

(
(1 + A)wRf + D1

)
Φ

(√
γx

(
θ − x∗fc

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ (1 + A)wR

∫ ∞

θ∗fc

Φ
(√

γx

(
x∗fc − θ

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ

+ (1 − τfc
s )(1 + A)wR

∫ θ∗fc

−∞
Φ

(√
γx

(
x∗fc − θ

)) √
γ + γy ϕ

(√
γ + γy

(
θ − γ

γ + γy
θ̄ − γy

γ + γy
y

))
dθ.

(27)

In Figure 4, we calculateW fc for different values ofτ fc
s , y, andD̄ (2.0, 6.0, 15.0). When the public

signaly is relatively high (y = 1.5), an ex post redistribution policy increases the expected welfare

irrespective of the value of̄D. Considering that the proportion of individuals who choose the risky

investment projects (1− λ) is relatively large when the public signal is high, this result implies that even

an ex post redistribution policy of a small amount of per capita redistribution is effective wheny is high.

In contrast, when the public signaly is medium size (y = 0.1), the expected welfare nonmonotonically

changes withτ fc
s whenD̄ is high (15.0) (Fig.4(b)) or medium (6.0) (Fig.4(a)), while it monotonically

decreases withτ fc
s whenD̄ is small (2.0) (Fig.4(c)). In particular, when̄D is large, the expected welfare

decreases for small values ofτ fc
s but it ultimately increases for large values ofτ fc

s and the optimal tax

rate is its upper limit (̄τ fc
s = 0.4) (Fig.4(b)). Therefore, it can be concluded that a large size of an ex

post redistribution policy is effective when the public signaly is medium size (y = 0.1). On the other

hand, when the public signal is low (y = −1.5), an ex post redistribution policy decreases the expected

welfare irrespective of the value of̄D. For such a low value of the public signal, an ex post redistribution

policy cannot become an effective coordination device even if the amount of per capita redistribution is

relatively large.

<< Figure 4 goes about here.>>

6. Conclusion

In a highly decentralized economy, strategic complementarities among individuals’ activities can be

potential sources of economic inefficiency and instability. In this paper, we analyzed the role and effects
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of public investment policy when inefficiently small investments and consumption levels can arise as

a result of a coordination failure among individuals. In particular, we investigate how divisibility of

investment projects, the presence of financial constraints, and the relative size of public and private

information precision affect the investment decisions of individuals and the effects of public investment

policy. Having shown that socially inefficient investment can arise in both multiple equilibria under

complete information and a uniquely determined equilibrium under incomplete information, we specified

a welfare function and analyzed the effects of a public investment policy that is considered to help

mitigate inefficiency. Our main results are:

- An ex ante tax on the initial endowment of individuals under divisibility is not necessarily opti-

mal and the accessibility of financial markets helps a public investment policy for the effective

mitigation of the coordination problems facing individuals.

- More precise information does not necessarily increase welfare. In particular, more precise public

information can decrease welfare when the information content of the public signal is relatively

low.

- An ex post redistribution policy under financial constraints is effective for mitigating coordination

problems, particularly when information content of the public signal is relatively high and the

size of the per capita redistribution is sufficiently large when the information content of the public

signal is not so good.

Finally, we suggest some possible directions for future research. First, in this paper, we have as-

sumed that individuals are risk neutral and obtain no utility from consumption in their investment period.

Modifying these assumptions and addressing the optimal portfolio selection problem is a possible and

important issue for future research. Next, in this paper, we have assumed symmetric individuals for

analyzing their investment coordination problem. A recent paper by Corsetti et al. (2004) analyzes the

coordination game when agents are asymmetric and there is a large player. Extending our analysis to

include the case of asymmetric individuals is also an important topic for future research. Furthermore,

in this paper, we did not explicitly analyze the ‘game’ between the government and individuals. A recent
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paper by Angeletos et al. (2006) analyzes the signaling effect of government intervention in a global

game model in which the type of government, which is unobservable for agents, is revealed through the

policymaker’s strategic decision. On the other hand, Morris and Shin (2006) and Corsetti et al. (2006)

analyze the problem of potential trade-offs between public intervention and moral hazard of agents and

derive some important policy implications for the role and effects of public policy in coordination prob-

lems. Including such strategic situations and moral hazard problems in our analysis is also an additional

and important avenue for future research. Finally, our result that the government (without so large public

investment productivity) should not intervene when its public information is too low largely depends on

our model assumption of the simple two-period economy with initial endowments and safe investment

projects and the assumption that the government’s investment policy is effective only in one period. In

a more sophisticated, realistic economy with dynamic structures, however, the role and effects of pub-

lic investment policy under coordination problems could be more complicated. Extending our simple

two-period economy structure into a more sophisticated structure is also an important issue in the future

research.
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Table 1

Parameter values for the numerical calculations

Parameter Parameter value Parameter Parameter value

w 10.0 γ 0.5
a 4.0 γx 20.0
Rs 4.0 γy 1.0
Rf 0.5 τ̄ 0.4
R 2.0 τ̄s 0.4
A 1.0 τ̄r 0.4
r 2.0 τ̄ fc

s 0.4
θ̄ 0.0 d 0.01,0.1, 0.4
y −1.5, 0.1, 1.5
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Table 2

Expected welfare and the optimal tax rates under indivisibility and no financial constraints

d = 0.01 d = 0.1 d = 0.4

ˆ̂
W = 40.0000 ˆ̂

W = 40.0000 ˆ̂
W = 40.0000

y = −1.5 τ∗
r = 0.00 τ∗

s = 0.00 τ∗
r = 0.00 τ∗

s = 0.00 τ∗
r = 0.00 τ∗

s = 0.00

g = 0.00 g = 0.00 g = 0.00

ˆ̂
W = 40.0006 ˆ̂

W = 46.1955 ˆ̂
W = 58.9413

y = 0.1 τ∗
r = 0.00 τ∗

s = 0.00 τ∗
r = 0.00 τ∗

s = 0.40 τ∗
r = 0.08 τ∗

s = 0.16

g = 0.00 g = 1.64 g = 1.32

ˆ̂
W = 61.5095 ˆ̂

W = 68.5824 ˆ̂
W = 73.5737

y = 1.5 τ∗
r = 0.00 τ∗

s = 0.40 τ∗
r = 0.00 τ∗

s = 0.40 τ∗
r = 0.04 τ∗

s = 0.32

g = 0.84 g = 0.40 g = 0.76

In this table, we calculate the expected welfareˆ̂
W , the optimal tax ratesτ∗

r andτ∗
s , and the size of public

investment policyg. The parameter values given in Table1 are used in generating these values.
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Figure 1: The case of divisibility of the investment projects.

32



0.0 0.4 0.8 1.2 1.6 2.0
20

30

40

50

60

70

80

90

(a) d=0.1

γ
y

w
e
l
f
a
r
e

 

 

y = -1.5 y = 0.1 y = 1.5

0.0 0.4 08 1.2 1.6 2.0
20

30

40

50

60

70

80

90

(b) d=0.4

γ
y

w
e
l
f
a
r
e

0.0 0.4 0.8 1.2 1.6 2.0
20

30

40

50

60

70

80

90

(c) d=0.01

γ
y

w
e
l
f
a
r
e

Figure 2: The effect of the changes of the information precision (public signal).
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Figure 3: The effect of the changes of the information precision (private signal).
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Figure 4: The effect of an ex post redistribution policy.
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